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Week 1
This Week Learning Outcome

To Understand:
» The Process of Fault diagnosis

The Universal Troubleshooting Process

Regardless of how complex your particular compuateiperipheral device might be, a
dependable troubleshooting procedure can be bra&em into four basic steps (Fig. 4-1):
define your symptoms, identify and isolate the pbé& source (or location) of your
problem, replace the suspected sub-assembly, aedtréhe unit thoroughly to be sure that
you have solved the problem. If you have not sothedproblem, start again from Step #1.
This is a “universal” procedure that you can agplany sort of troubleshooting—not just
for personal computer equipment.

Define Your Symptoms

When a PC breaks down, the cause might be as saspeloose wire or connector, or as
complicated as an IC or sub-assembly failure. Befgyu open your tool box, you must
have a firm understanding of all the symptoms. Khabout the symptoms carefully—for

example:

- Is the disk or tape inserted properly?

- Is the power or activity LED lit?

- Does this problem occur only when the computeapgpéd or moved?

By recognizing and understanding your symptomsaiit be much easier to trace a problem
to the appropriate assembly or component. Takértieeto write down as many symptoms
as you can. This note-taking might seem tedious, fodvonce you have begun your repair,
a written record of symptoms and circumstances valp to keep you focused on the task
at hand. It will also help to jog your memory iftymust explain the symptoms to someone
else at a later date. As a professional troublgsnogou must of-ten log problems or
otherwise document your activities anyway.

Identify and Isolate

Before you try to isolate a problem within a pi@eomputer hardware, you must first be
sure that the equipment itself is causing the gmblin many circumstances, this will be
fairly obvious, but some situations might appeab@mous (i.e., there is no power, no
DOS prompt, etc.). Always remember that a PC wbkaause of an intimate mingling of

hardware and software. A faulty or improperly cgaofied piece of software can cause
confusing system errors. Chapter 3 touched on sdrtiee problems that operating systems
can encounter.

When you are confident that the failure lies in rysystem’s hardware, you can begin to
identify possible problem areas. Because this healesigned to deal with sub-assembly
troubleshooting, start your diagnostics there. Troebleshooting procedures throughout



this book will guide you through the major sectiafigoday’s popular PC components and
peripherals, and aid you in deciding which sub-adde might be at fault. When you have
identified a potential problem area, you can bdbm actual repair process and swap the
suspect sub-assembly.

Replace

Because computers and their peripherals are dekageollections of sub-assemblies, it is
almost always easier to replace a sub-assembligbytrather than attempt to troubleshoot

the sub-assembly to its component level. Evenuf lyad the time, documentation, and test
equipment to isolate a defective component, mamgpbex parts are proprietary, so it is

highly unlikely that you would be able to obtainpl@cement components without a

significant hassle. The labor and frustration fadtwolved in such an endeavor is often

just as expensive as replacing the entire sub-ddgeim begin with (perhaps even more

expensive). On the other hand, manufacturers agid distributors often stock a selection

of sub-assemblies and supplies. You might neechtavkthe manufacturers part number
for the sub-assembly to obtain a new one.

During a repair, you might reach a roadblock tleguires you to leave your equipment for
a day or two, or maybe longer. This generally happafter an order has been placed for
new parts, and you are waiting for those partsoimes in. Make it a point to reassemble
your system as much as possible before leavin@ather any loose parts in plastic bags,
seal them shut, and mark them clearly. If you apekimg with electronic circuitry, be sure
to use good-quality anti-static boxes or bags torage. Partial re-assembly (combined
with careful notes) will help you remember how tUmat goes together later on. Another
problem with the fast technological progress weig that parts rarely stay on the shelf
long. That video board you bought last year isaraér available.

Changing Parts

Once a problem is isolated, technicians face angbhegblem: the availability of spare
parts. Novice technicians often ask what kinds gunhtity of spare parts they should keep
on hand. The best answer to give here is simplgerai all. The reason for this somewhat
drastic answer is best explained by the two realitif PC service.

Parts Are Always Changing

After only 15 years or so, the PC is in its sixtRWCgeneration (with such devices as the
AMD K6 and Intel Pentium II). As a result, a newngeation matures every 24 to 36

months (although the newer generations have beamngrin 18 to 24 months). Even the

“standardized” products, such as CD-ROM drives ghawliferated in different speeds and
versions (8, 107, 127, 167, and even 20" speed®)e@roduction stops for a drive or board,
stock rarely remains for very long. You see, eeyou know what the problem is, the

chances of your locating an exact replacementgrarbften quite slim if the part is more

than two years old. Notice the word exact—thideskey word in PC repair.



The Booting Process

Computer initialization is a process—not en evénbm the moment that power is applied
until the system sits idle at the command-line grbwr graphical desktop, the PC boot
process is a sequence of predictable steps th#ly wbe system and prepare it for
operation.

By understanding each step in system initializati@u can develop a real appreciation for
the way that hardware and software relate to orm¢han—you also stand a much better
chance of identifying and resolving problems whesystem fails to boot properly. This
part of the chapter provides a step-by-step rewkavtypical PC boot process.

Applying Power

PC initialization starts when you turn the system 16 all output voltages from the power
supply are valid, the supply generates a Power GB&J logic signal. It can take between
100 ms and 500 ms for the supply to generate aigt@lsWhen the motherboard timer IC
receives the PG signal, the timer stops forcingeaeRsignal to the CPU. At this point, the
CPU starts processing.

The Bootstrap

The very first operation performed by a CPU is éicli an instruction from address
FFFF:0000h. Because this address is almost at rtdeoé available ROM space, the
instruction is almost always a jump command (JM#pived by the actual BIOS ROM
starting address. By making all CPUs start at #mespoint, the BIOS ROM can then send
program control anywhere in the particular ROM (aadh ROM is usually different).

This initial search of address FFFF:0000h and thesequent re-direction of the CPU is
traditionally referred to as the bootstrap in whithe PC “pulls itself up by its
bootstraps”—or gets itself going. Today, we haversned the term to boot, and have
broadened its meaning to include the entire imzgion process.

Core Tests

The core tests are part of the overall Power-Of-Bedt (POST) sequence, which is the
most important use of a system BIOS during inizeiion. As you might expect, allowing
on the display (and system initialization will halRemember that POST codes and their
meanings will vary slightly between BIOS manufaetst If the POST completes
successfully, the system will respond with a singéep from the speaker. Chapter 15
covers I/O port POST codes.

Finding the OS

The system now needs to load an operating systeualfy DOS or Windows 95). The first
step here is to have the BIOS search for a DOSwelboot sector (VBS) on the A: drive.
If there is no disk in the drive, you will see tiiéve light illuminate briefly, and then BIOS
will search the next drive in the boot order (ukudtive C:). If a disk is in drive A:, BIOS

will load sector 1 (head O, cylinder 0) from theskds DOS volume boot sector into
memory, starting at 0000:7C00h. There are a nundiepotential problems when



attempting to load the VBS. Otherwise, the firsbpgyam in the directory (I0.SYS) will

begin to load, followed by MSDOS.SYS.

O If the first byte of the DOS VBS is less than 06h if the first byte is greater than
or equal to 06h and next nine words of the seabotain the same data pattern),
you will see an error message similar to: “Diskéibet record error.”

- If the 10.SYS and MSDOS.SYS are not the first twesfin the directory (or some
other problem is encountered in loading), you'k s& error such as: “Non-system
disk or disk error.”

- If the boot sector on the diskette is corrupted aadnot be read (DOS 3.3 or
earlier), you'll probably get a Disk boot failureessage.

If the OS cannot be loaded from any floppy drivee system will search the first
fixed drive (hard drive). Hard drives are a bit mmonvolved than floppy disks.

BIOS loads sector 1 (head 0, cylinder 0) from thedidrive’s master partition boot
sector (called the master boot sector, MBS) intenory, starting at 0000:7C00h,
and the last two bytes of the sector are checkeleIfinal two bytes of the master-
partition boot sector are not 55h and AAh respetyivthe boot sector is invalid,

and you will see an error message similar to: “Idotlidevice available and system
initialization will halt.” Other systems might depithe error differently or attempt
to load ROM BASIC. If the BIOS attempts to load RASIC and there is no

such feature in the BIOS, you’ll see a ROM BASI@emessage.

Otherwise, the disk will search for and identifyyaextended partitions (up to 24 total
partitions). Once any extended partitions have hdentified, the drive’s original boot

sector will search for a boot-indicator byte, magkia partition as active and bootable. If
none of the partitions are marked as bootable f(ondre than one partition is marked
bootable), a disk error message will be displayethsas: “Invalid partition table.” Some

older BIOS versions might attempt to load ROM BASIGut will generate an error

message in most cases anyway.

When an active bootable partition is found in thaster partition boot sector, the DOS
Volume Boot Sector (VBS) from the bootable partitie loaded into memory and tested. If
the DOS VBS cannot be read, you will see an erressage similar to: “Error loading
operating system.” When the DOS volume boot sates load, the last two bytes are

Loading the OS

If no problems are detected in the disk’'s DOS vaumot sector, 10.SYS (or IBM-BIO.
COM) is loaded and executed. If Windows 95 is angiistem, 10.SYS might be re-named
WINBOOT.SYS, which will be executed instead. 10.St@htains extensions to BIOS that
start low-level device drivers for such things ke keyboard, printer, and block devices.
Remember that 10.SYS also contains initializatiodec that is only needed during system
startup. A copy of this initialization code is ptacat the top of conventional memory
which takes over initialization. The next step @ lbad MSDOS.SYS (or IBM-DOS.
COM), which is loaded so that it overlaps the afO.SYS containing the initialization
code. MSDOS.SYS (the MS-DOS kernel) is then exekttdenitialize base device drivers,
detect system status, reset the disk system,lingidevices (such as the printer and serial



port), and set up system-default parameters. TheDKAS essentials are now loaded and
control returns to the 10.SYS/WINBOOT.SYS initiaimn code in memory.

Establishing the Environment

If a CONFIG.SYS file is present, it is opened agdd by 10.SYS/WINBOOT.SYS. The
DEVICE statements are processed first in the ditey appear, then INSTALL statements
are processed in the order they appear. A SHELtersent is handled next. If no SHELL
statement is present, the COMMAND.COM processoftoeded. When COMMAND.
COM is loaded, it overwrites the initialization @teft over from 10.SYS (which is now
no longer needed). Under Windows 95, COMMAND.COM I@mded only if an
AUTOEXEC.BAT file is present to process the AUTOEXBAT statements. Finally, all
other statements in CONFIG.SYS are processed, alNB®OT.SYS also looks for the
SYSTEM.DAT registry file. When an AUTOEXEC.BAT fileis present,
COMMAND.COM (which now has control of the systemijlwoad and execute the batch
file. After the batch-file processing is completiee familiar DOS prompt will appear. If
there is no AUTOEXEC.BAT in the root directory, COM\ND.COM will request the
current date and time, then show the DOS For Wisd®8 systems, 10.SYS (or
WINBOOT.SYS) combines the functions of I0.SYS an8IMDS.SYS.

Creating a DOS Boot Disk

The most persistent problem with PC troubleshootinthat it can be difficult to boot a
system successfully—especially if there are hardedsroblems. This makes it particularly
important to have a bootable floppy diskette oncharhe two means of creating a boot
disk are: automatically (through an existing Wingo®b platform) or manually (through a
DOS6.22 platform). In either case, you're goingnted access to a running PC with an
operating system that is similar to the version pan to install on the new PC. Windows
95 Windows 95 comes with an automatic “Startup Dislaker. If you have access to a
Windows 95 system, use the following procedureréaie a DOS 7.x startup disk: Label a
blank diskette and insert it into your floppy drive

- Click on Start, Settings, and Control Panel.

- Double-click on the Add/remove programs icon.

- Select the Startup disk tab.

- Click on Create disk.

- The utility will remind you to insert a diskettinen prepare the disk automatically.

When the preparation is complete, test the diské&tie preparation process takes several
minutes, and will copy the following files to youtiskette: ATTRIB, CHKDSK,
COMMAND, DEBUG, DRVSPACE.BIN, EDIT, FDISK, FORMAT, REGEDIT,
SCANDISK, SYS, and UNINSTAL. All of these files aBOS 7.x-based files, so you can
run them from the A: prompt.

The Windows 95 FDISK utility has been reported &védna bug that can cause problems
when creating more than one partition on the sanwe.dLater releases of Windows 95
(i.e., OSR 2) claim to have corrected this issug ifoyou encounter problems with FDISK,
use the DOS 6.22 version.



Process of Fault Diagnosis

Before getting into the troubleshooting detaildsitmportant to know about what goes on
during the startup process. The reason is, theractually quite a few steps that occur in
between switching the power ON and hearing the [fam¥Windows 95, 98 or Windows
ME./XP startup sounds and seeing the Windows dpsltofact, there are a whole series
of files that are automatically loaded one after tither when you turn your computer on.
The trick with troubleshooting startup problemsrisng to figure out which of those files
(or what step in the process) causes a specifiblgmo in the computer. If we know
approximately where in the startup process thelprolbccurs (Computer gets stuck), we
can diagnose the problem easily.

This chapter explains the various problems thatuocm a computer and the
troubleshooting procedures. The system to inigadéind run with flaws in the motherboard,
memory, or drive systems can have catastrophicecuences for files in memory or on
disk. To ensure system integrity, a set of hardvepexific self-test routines checks the
major motherboard components, and identifies tiesgirce of any other specialized BIOS
ICs in the system (i.e., drive-controller BIOS, exdBIOS, SCSI BIOS, and so on). BIOS
starts with a test of the motherboard hardware siscthe CPU, math co-processor, timer
ICs, Direct Memory Access (DMA) controllers, andemupt (IRQ) controllers.

If an error is detected in this early phase ofitgsta series of beeps (or beep codes) are
produced. By knowing the BIOS manufacturer andidbep code, you can determine the
nature of the problem. Chapter 15 deals with be®p exror codes in more detail. Beep
codes are used because the video system has moiniiedized. Next, BIOS looks for the
presence of a video ROM between memory locatior3@DO0h through C780:000h. In
just about all systems, the search will revealde®iBIOS ROM on a video adapter board,
plugged into an available expansion slot. If a @id®lOS is found, its contents are
evaluated with a checksum test. If the test is esgftl, control is transferred to the video
BIOS, which loads and initializes the video adapter

When initialization is complete, you will see a sor on the screen and control returns to
the system BIOS. If no external video adapter Bi®Socated, the system BIOS will
provide an initialization routine for the motherbd'a video adapter and a cursor will also
appear.

Once the video system initializes, you are likety dee a bit of text on the display
identifying the system or video BIOS ROM maker aadision level. If the checksum test
fails, you will see an error message such as: GRQM Error or Video ROM Error.
Initialization will usually halt right there.

Now that the video system is ready, system BIOS$ sdan memory from C800:0000h
through DF80:0000h in 2KB increments to searchafioy other ROMs that might be on
other adapter cards in the system. If other ROMsfawnd, their contents are tested and
run. As each supplemental ROM is executed, thelyshidw manufacturer and revision 1D
information. In some cases, a supplemental (or pdd ROM might alter an existing



BIOS ROM routine. For example, an Ultra DMA/33 drigontroller board with its own
on-board ROM will replace the motherboard’s oldeveal routines. When a ROM fails the
checksum test, you will see an error message ssICtKXXX ROM Error.” The XXXX
indicates the segment address where the faulty R@ detected. If a faulty ROM is
detected, system initialization will usually halt.

Post

BIOS then checks the memory location at 0000:0472is address contains a flag that
determines whether the initialization is a coldtsfpower first applied) or a warm start (re-
set button or <CtrI>+<Alt>+<Del> key combinatior). value of 1234h at this address
indicates a warm start—in which case, the (POSuidime is skipped. If any other value is
found at that location, a cold start is assumed,tae full POST routine will be executed.
The full POST checks many of the other higher-leftgictions on the motherboard,
memory, keyboard, video adapter, floppy drive, nattprocessor, printer port, serial port,
hard drive, and other sub-systems. Dozens of &estperformed by the POST.

When an error is encountered, the single-byte PQSSIE is written to 1/O port 80h, where
it might be read by a POST-code reader. In otheeg;ayou might see an error message

BIOS

When your computer is first turned on, it autormalticloads a program called the BIOS, or
Basic Input/Output System, which is stored on acigthechip on your computer’s
motherboard. The BIOS is essentially a combinatbsoftware and hardware in that it
consists of software, but the contents of thatemf is stored in a hardware chip.

One of the first things we should see on your caepa monitor when we start the PC is
some type of message like "Hit Esc to enter Setalthbugh instead of Esc it may say F2
or F10 or any number of other keys and insteadetdisit may say CMOS Setup or BIOS
Setup or just CMOS. Make note of the key requicedriter the Setup program because we
may need that later (some startup problems can belysolved by changing some
BIOS/CMOS settings via the Setup program).

Power-On Self Test (POST)

The first thing that the BIOS does when it boots BC is to perform what is called the
Power-On Self-Test or POST for short. The POST is a built-in diagnostic peogrthat
checks the hardware to ensure that everythingasemt and functioning properly, before
the BIOS begins the actual boot. It later continwék additional tests such as the memory
test and then it lists any devices that it findsdted to the computer’s internal IDE
controller(s). (that is seen on the screen of tbaitar) as the boot process is proceeding.

The POST runs very quickly, and you will normallyteven noticed that it is happening--
unless it finds a problem. You may have encounterd®C that, when turned on, made
beeping sounds and then stopped without booting Tinat is the POST telling you



something is wrong with the machine. The speakarsed because this test happens so
early on, before the video is activated! These hjmEferns can be used to diagnose many
hardware problems with the PC. The exact patteepemd on the maker of the BIOS; the
most common are Award and AMI BIOS.

BIOS Startup Screen

When the system BIOS starts up, you will see itsiliar screen display, normally after the
video adapter displays its information. These &re dontents of a typical BIOS start up
screen:

« The BIOS Manufacturer and Version Number.

- The BIOS Date: The date of the BIOS can be important in helping getermine
its capabilities.

- Setup Program Key: The key or keys to press to enter the BIOS setogrpm.
(This is usually {Del}, sometimes {F2}, and some#@manother key combination.

« System Logo:The logo of the BIOS company, or in some casesPtbemaker or
motherboard manufacturer.

- The "Energy Star" Logo: This distinctive logo is displayed if the BIOS papts
the Energy Star standard, which almost all newesao.

« The BIOS Serial Number: This is normally located at the bottom of the sare
Since BIOSes are highly customized to the particatetherboard, this serial
number can be used in many cases to determing&ugis motherboard and BIOS
version you are using. Check out Wim Bervoets' BEI® for a huge list of these
numbers

Troubleshooting BIOS Beep Codes

When a problem is identified with the system durtihg POST, the BIOS will normally
produce an error message. However, in some casgwdblem is detected so early in the
test that the BIOS cannot even access the videbtogorint the message! In this case the
BIOS will produce a beeping pattern on the speakézll you what the problem is.

The exact meaning of the beep codes depends aiygheand version of BIOS that you
have. The three most popular types of BIOS areethosde by Award, American
Megatrends (AMI) and Phoenix. The beep codes fesaBIOS products are described in
this part of the troubleshooter. If you are usifg@made by a company that writes its own
BIOS, you will have to consult your owner's manual

A single beep during the boot process, usuallytriggfore the BIOS startup screen is
displayed, is normal and does not indicate a faias long as the boot continues on.

Beep codes can be in several different patternseméng on the BIOS that you are using.
Some BIOSes use very simple beep codes in a pattararying numbers of short beeps,
while others may mix short and long beeps. The Rio8IOS is famous for its



complicated beep patterns that are actually inaufotir groups--one or more beeps and
then a pause, followed by as many as three moterpsat

Fault Report Forms

To make maintenance easy forms are needed to @émtisystems and corresponding fault

1.

2.

3.

PC configuration form Use this form when insteglor configuring the PC and its
expansion boards.

System CMOS sheet Use this form to record sygtarameters (as shown in the
system SETUP screens).

BIOS upgrade Use this form when planning a Bup§rade for your PC.

Customer billing a simple time and material fdonbeginning technicians.



Week?2
This Week Learning Outcome

To Understand:
» Usage of Software Diagnostic Programs for Hardware

Diagnostic Programs

Software and hardware complement one another Dgtignorogram is used to detect both
hardware and software problems the computer meganbe diagnosed to known the size
the processor types too can also be checked theke twell one has to know how to
distinguish hardware problem from the software.

Bench Marking

We all know that today’s personal computers areabbgpof astounding performance. If
you doubt that, consider any of the current 3D gamach as Quake Il or Monster Truck
Madness. However, it is often important to quantiig performance of a system. Just
saying that a PC is “faster” than another systersingply not enough—we must often
apply a number to that performance to measurenpeovements offered by an upgrade, or
to objectively compare the performance of varioysteams. Benchmarks are used to test
and report the performance of a PC by running afsetll-defined tasks on the system. A
benchmark program has several different uses iP@édustry depending on what you're
needs are:

SystemComparisons: Benchmarks are often used to compare a systemeamo
more competing machines (or to compare a neweersysd older machines). Just flip
through any issue of PC Magazine or Byte, and ya&é a flurry of PC ads all quoting
numerical performance numbers backed up by bendtsmafou might also run a
benchmark to establish the overall performance méva system before making a purchase
decision.

Upgrade Improvements Benchmarks are frequently used to gauge the waiiue
an up-grade. By running the benchmark before aredl tife upgrade process, you can get a
numerical assessment of just how much that new GAY), drive, or motherboard might
have improved (or hindered) system performance.

- Diagnostics Benchmarks sometimes have role in syslieagnostics. Systems that
are performing poorly can be benchmarked as keypooents are checked or
reconfigured. This helps the technician isolate aadect performance problems
far more reliably than simple “visual” observations

Avoiding Benchmark Problems



One of the most serious problems encountered watithimarks is the integrity of their
numbers. You've probably heard that “statistics @iaff and the same thing is true of
benchmarks. In order for benchmarks to provide with reliable results, you must take
some precautions:

- Note the complete system configuration When youalenchmark and achieve a
result, be sure to note the entire system configqurdi.e., CPU, RAM, cache, OS
version, etc.).

- Run the same benchmark on every system Benchmeekstith software, and the
way in which benchmark code is written can imphetway it produces results on a
given computer. Often, two different versions a# #ame benchmark will yield two
different results. When you use benchmarks for a@mspns between systems, be
sure to use the same program and version number.

- Minimize hardware differences between hardwarefqiats A computer is an
assembly of many interdependent sub-assemblies, (m®therboard, drive
controllers, drives, CPU, etc.), but when a benckrtgarun to compare a difference
between systems, that difference can be maskedhay elements in the system.
For example, suppose you're using a benchmarkstalte hard-drive data transfer
on two systems. Different hard drives and drivetadlers will yield different
results (that's expected). However, even if youusing identical drives and
controllers, other differences between the systéush as BIOS versions, TSRs,
OS differences, or motherboard chipsets) can alkaence different results.

- Run the benchmarks under the same load The segeiierated by a benchmark do
not guarantee that same level of performance ufrdal-world” applications. This
was one of the flaws of early computer benchmarkismall, tightly written
benchmark code resulted in artificially high penfance, but the system still
performed poorly when real applications were usése benchmarks that make use
of (or simulate) actual programs, or otherwise sateuyour true workload.

Obtaining Benchmarks

Benchmarks have been around since the earliestutenspand there are now a vast array
of benchmark products to measure all aspects ofPie-as well as measure more
specialized issues, such as networking, real-tigstems, and UNIX (or other operating
sys-tem) platforms. Table 4-1 highlights a crosstiea of computer benchmarks for your
reference. In many cases, the table includes a &HATP site where you can obtain source
code for the benchmark, or download the completet@ark program. Today, Ziff Davis
and CMP publish a suite of freeware benchmarktieslithat have become standard tools
for end users and technicians alike.

BatteryMark BatteryMark uses a combination of hardware and software tasare the
battery life of notebook computers under real-woetthditions (the hardware used in
BatteryMark is the same ZDigit Il device required by versio). BatteryMark exercises
a different 32-bit software workload engines foogassor, disk, and graphics tasks.

BatteryMark mixes these workloads together and adds periadiakis in the work that
reflect the way users pause while working. Batteay#2.0 works with Advanced Power
Management (APM) under Windows 95.



NetBench NetBenchis our benchmark test for checking the perforneamicnet-work file
servers. NetBench provides a way to measure, amadyr predict how a file server will
handle network file 1/0O requests. It monitors tlesponse of the server as multiple clients
request data, and reports the server’s total timowiy To test application servers, you
should use the ServerBench utility instead.

ServerBench ServerBench is the latest version of Ziff-Davis’ standard bemark for
measuring the performance of servers in a truentédierver environment. Server-Bench
clients make requests of an application that rumsgh@ server—the server’'s ability to
service those requests is reported in transact@nssecond. ServerBench 4.0 runs on
IBM’s OS/2 Warp Server, Microsoft's Windows NT Serwv.0 (for both Digital Alpha and
x86-compatible processors), Novell's NetWare 4.30in’s Solaris 2.5 on SPARC, and
SCO’s OpenServer Release 5 and UnixWare 2.1. Toonigsvork file servers, use the
NetBench utility instead.

WebBench WebBench is the Ziff Davis benchmark test for checkingfpenance of
Web-server hardware and software. Standard testssproduce two overall scores for the
server: requests per second and throughput (asumeglam bytes per second). WebBench
includes static testing (which involves only HTMages), and dynamic testing (including
CGI executables, Internet Server API libraries, &etscape Server APl dynamic link
libraries.

JMark JMark is a suite of 11 synthetic benchmark tests falwating the perfor-mance

of Java virtual machines. The JMark 1.01 suite tates a number of important tests of
Java functionality. It includes Java versions ofhamber of classic benchmark test
algorithms, as well as tests designed to measuaphgs performance in a GUI

environment. You can download JMark 1.01 from B#vis, or run the tests online within

your browser.

Wintune 97 Wintune for Windows 95/NT is a recent benchmark entryrfrGMP, the
publishers of Windows Magazine. Wintune 97 is areralt benchmark to measure
Windows 95/NT performance. It has a fast user fater that allows the program to load
much faster than the earlier Wintune 95, and wolvrsupport testing of the latest Pentium
Il systems. Wintune 97 tests video systems on #dste$t new computers at full-screen
resolution.

Troubleshooting BIOS Beep Codes - AMI BIOS

The AMI BIOS is one of the most popular in the PGria today, and fortunately is quite
consistent in its use of beep codes, across ity miffierent versions. Please select the beep
pattern you are hearing from the list in the tajien below.

Beep | Explanation | Diagnosis | Troubleshooting steps |




Beep Explanation Diagnosis Troubleshooting steps

1 Beep: DRAM refresh failure This code usually means a * Troubleshoot the
The system is having a problepproblem either with the system motherboard.
accessing the system memory memory or with the « Treat as an apparent
to refresh it. Refreshing is donemotherboard itself. memory failure.
on all system memory to keep
its contents active.

2 Beeps Parity circuit failure This code usually means |as Treat as an apparent
The parity circuit is problem with either the system  memory failure.
responsible for generating and memory or the motherboard. | « Troubleshoot the
checking the parity bit on the motherboard
system memory wheparity
checkingis used. This circuitry
is not working properly.

3 Beeps Base 64K RAM failure The first bank of memory « Treatas an apparer;
There is a failure of some sort| probably has a bad memory memory failure.
within the first 64 KB of chip in it somewhere. It is
system memory. possible that there is a failure - Troubleshoot the

related to the motherboard o1 a motherboard.
system device as well.

4 Beeps System timer failure This is usually a motherboard + Troubleshoot the
There is a problem with one or failure. motherboard.
more of the timers used by the
system to control functions on
the motherboard.

5 Beeps Processor failure There is a problem related to « Troubleshoot the

the processor or motherboard processor.
The system processor |idNote that this doesn't mean that -« If the processor is
generating an error conditigrthe processor is necessarily not at fault,
indicating a problem with it. | dead; with a dead processor the troubleshoot the

system won't boot at all (it runs motherboard.

the BIOS code that is used to

start up the PC.)

6 Beeps Keyboard controller / gate| This is usually a problem with « Troubleshooting the
A20 failure either the keyboard or the keyboard is

motherboard relatively easy; try

The keyboard controlleris a that first.
chip on the motherboard tTt « Troubleshoot the
communicates  with  your keyboard controller.
keyboard. It also controls the
A20 gate that provides access Troubleshoot as a
to the high memory area motherboard failure
(HMA). This component is
indicating a failure.

7 Beeps Virtual mode exception error | There is a problem related to « Troubleshoot the

the processor or motherboard

processor.

—t



Beep Explanation Diagnosis Troubleshooting steps
Virtual mode is one of theNote that this doesn't meanthat « Troubleshoot the
different modes that thethe processor is necessarily motherboard.
processor can run in. Thealead, since the system won't
system is reporting an erroboot at all with a dead
when testing this mode. processor.

8 Beeps Display memory read/write | This is usually caused by a « Troubleshoot the
failure problem with the video card, of video card.
the memory on the video card
The BIOS is unable to write to| It can also be a motherboard « Troubleshoot the
the frame buffer memory on thassue. motherboard
video card.
Note: Unlike the other AMI
beep codes, this one is "ngn-
fatal'. The system may
continue to boot despite this
error.
9 Beeps ROM BIOS checksum failure| The BIOS ROM chip on the | Troubleshoot the
motherboard is probably faulty. motherboard. It is possible
The read-only memory (ROM) It could also be another to replace just the BIOS
containing the BIOS programcomponent on the motherboardROM chip but often
(which is what is running when replacing the motherboard
you turn on the PC and what will make more sense for
generates this error) uses| a cost and simplicity reasons.
checksum value as a double-
check that the ROM code |s
correct. This checksum |s
compared against the values|in
the ROM each time the PC |is
booted and if there is |Ja
mismatch, this code s
generated
10 Beeps CMOS shutdown register There is likely a problem with | Troubleshoot the
read/write error the motherboard. motherboard.
A component of the
motherboard is producing an
error interacting with the
CMOS memory that holds the
BIOS settings
11 Beeps Cache memory error This usually means a problem « Troubleshoot the

The system has attempted

with the system cache. It may
talso be a more general proble
bwith the motherboard.

verify the operation of th

m .

secondary cache.
Troubleshoot the




Beep Explanation Diagnosis Troubleshooting steps
secondary (level 2tache and motherboard.
has encountered an error.

Continuous | Memory or video problem This is usually caused by a Troubleshoot the
Beeping problem with the system system memory.

The system is producing
constant beeping in no specifi
pattern, or a fast "ringing"
sound.

memory, or possibly the video
ccard. The memory is more
likely--the system complains
long and loud if it can't find an
usable memory, as there is ng
way to even start the boot
process when this is the case.

The motherboard itself could
also be the problem.

Troubleshoot the
video card.
Troubleshoot the
motherboard.

Troubleshooting BIOS Beep Codes - Award BIOS

Award is the other major BIOS provider today, alomigh AMI. Award uses by far the
fewest beep codes of any of the BIOS manufacturers.

Beep

Explanation

Diagnosis

Troubleshooting steps

1 Long Beep

Memory problem

There is a failure of some
sort related to the system
memory.

The first bank of memory .
probably has a failure qf
some sort; this is usually
just a physical problem
such as an incorrectly
inserted module, but may
also mean a bad memory
chip in a module. It is
possible that there is |a
failure related to the
motherboard or a system
device as well.

Treat as an appare

memory failure.
Troubleshoot the
motherboard.

1 Long, then 2
Short Beeps

Video error

The BIOS is unable to acce
the video system in order to
write any error messages to
the screen.

This is usually caused hye
a problem with the videop
sgard, or the memory ope
the video card. It can also
be a motherboard issue.

Troubleshoot the
video card.

If the video card is
not at fault,
troubleshoot the
motherboard.




Beep

Explanation

Diagnosis

Troubleshooting steps

1 Long, then 3
Short Beeps

Video error

The BIOS is unable to acce
the video system in order to
write any error messages to
the screen.

This is usually caused hy
a problem with the videop
sgard, or the memory one
the video card. It can also
be a motherboard issue.

Troubleshoot the
video card.

If the video card is
not at fault,
troubleshoot the
motherboard.

Continuous
Beeping

Memory or video problem

The system is producing
constant beeping in no
specific pattern, or a fast
“ringing" sound

This is usually caused hy
a problem with the
system  memory, re
possibly the video card.
The memory is more-
likely--the syste
complains long and lou
if it can't find any usabl
memory, as there is no
way to even start the bopt
process when this is the
case. The motherboard
itself could also be th

problem.

Troubleshoot the
system memory.
Troubleshoot the
video card.
Troubleshoot the
motherboard.




Week 3
This Week Learning Outcome

To Understand:
» Cause of Startup Failure

The Boot Process

Computer initialization is a process—not en evénbm the moment that power is applied
until the system sits idle at the command-line grbr graphical desktop, the PC boot
process is a sequence of predictable steps thdfly wbe system and prepare it for

operation. By understanding each step in systetmlimation, you can develop a real

appreciation for the way that hardware and softwelate to one another—you also stand a
much better chance of identifying and resolvingbgms when a system fails to boot
properly. This part of the chapter provides a sigstep review of a typical PC boot

process.

Applying Power
PC initialization starts when you turn the system I all output voltages from the power
supply are valid, the supply generates a Power GBG&J logic signal. It can take between
100 ms and 500 ms for the supply to generate aif@lsWhen the motherboard timer IC
receives the PG signal, the timer stops forcingeaeRsignal to the CPU. At this point, the
CPU starts processing.

The Bootstrap

The very first operation performed by a CPU is éich an instruction from address
FFFF:0000h. Because this address is almost at ndeoé available ROM space, the
instruction is almost always a jump command (JMpived by the actual BIOS ROM
starting address. By making all CPUs start at #mespoint, the BIOS ROM can then send
program control anywhere in the particular ROM (aadh ROM is usually different). This
initial search of address FFFF:0000h and the suwleseqre-direction of the CPU is
traditionally referred to as théootstrap in which the PC *“pulls itself up by its
bootstraps”—or gets itself going. Today, we haverned the term tboot and have
broadened its meaning to include the entire imzgion process.

Core Tests

The core tests are part of the overdiwer-On Self-Test (POS$gquence, which is the
most important use of a system BIOS during inititiion. As you might expect, allowing.
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The system to initialize and run with flaws in tm@therboard, memory, or drive systems
can have catastrophic consequences for files in anermr on disk. To ensure system



integrity, a set of hardware-specific self-test thoes checks the major motherboard
components, and identifies the presence of any agihecialized BIOS ICs in the system
(i.e., drive-controller BIOS, video BIOS, SCSI BIQO&hd so on). BIOS starts with a test of
the motherboard hardware such as the CPU, mathomegsor, timer ICDirect Memory
Access (DMAgontrollers, andnterrupt (IRQ)controllers.

If an error is detected in this early phase ofingsta series of beeps (or beep codes) are
produced. By knowing the BIOS manufacturer andiibep code, you can determine the
nature of the problem. Chapter 15 deals with be®p exror codes in more detail. Beep
codes are used because the video system has mohiiegized.

Next, BIOS looks for the presence of a video ROMween memory locations
C000:0000h through C780:000h. In just about altesys, the search will reveal a video
BIOS ROM on a video adapter board, plugged intaeailable expansion slot. If a video
BIOS is found, its contents are evaluated with eckkum test. If the test is successful,
control is transferred to the video BIOS, whichdsaand initializes the video adapter.
When initialization is complete, you will see a sorr on the screen and control returns to
the system BIOS. If no external video adapter Bi®Socated, the system BIOS will
provide an initialization routine for the motherbd’a video adapter and a cursor will also
appear.

Once the video system initializes, you are likety dee a bit of text on the display
identifying the system or video BIOS ROM maker aadision level. If the checksum test
fails, you will see an error message such as: G@0M Error or Video ROM Error.

Initialization will usually halt right there. Novhat the video system is ready, system BIOS
will scan memory from C800:0000h through DF80:0000BKB increments to search for
any other ROMs that might be on other adapter cerdee system. If other ROMs are
found, their contents are tested and run. As eapplemental ROM is executed, they will
show manufacturer and revision ID information. lom& cases, a supplemental (or
“adapter’) ROM might alter an existing BIOS ROM tme. For example, an Ultra
DMA/33 drive-controller board with its own on-boadRDM will replace the motherboard’s
older drive routines. When a ROM fails the checkdest, you will see an error message
such as: “XXXX ROM Error.” ThexXXXindicates the segment address where the faulty
ROM was detected. If a faulty ROM is detected, eysinitialization will usually halt.

Post

BIOS then checks the memory location at 0000:04TBis address contains a flag that
determines whether the initialization is a coldrtstpower first applied) or a warm start
(reset button or <CtrI>+<Alt>+<Del> key combinatjoA value of 1234h at this address
indicates a warm start—in which case, the (POSuidime is skipped. If any other value is
found at that location, a cold start is assumed,tae full POST routine will be executed.
The full POST checks many of the other higher-leftgictions on the motherboard,
memory, keyboard, video adapter, floppy drive, nattprocessor, printer port, serial port,
hard drive, and other sub-systems. Dozens of &estperformed by the POST.



When an error is encountered, the single-byte PQSSIE is written to 1/O port 80h, where
it might be read by a POST-code reader. In otheeg;ayou might see an error message.
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On the display (and system initialization will halRemember that POST codes and their
meanings will vary slightly between BIOS manufaetst If the POST completes
successfully, the system will respond with a singéep from the speaker. Chapter 15
covers I/O port POST codes.

Finding the OS

The system now needs to load an operating systsualfy DOS or Windows 95). The first
step here is to have the BIOS search for a DOSwelboot sector (VBS) on the A: drive.
If there is no disk in the drive, you will see ttiéve light illuminate briefly, and then BIOS
will search the next drive in the boot order (uludtive C:). If a disk is in drive A:, BIOS

will load sector 1 (head O, cylinder 0) from theskds DOS volume boot sector into
memory, starting at 0000:7C00h. There are a nundjepotential problems when
attempting to load the VBS. Otherwise, the firsbgram in the directory (I0.SYS) will

begin to load, followed by MSDOS.SYS.

- If the first byte of the DOS VBS is less than 06h if the first byte is greater than
or equal to 06h and next nine words of the seabotain the same data pattern),
you will see an error message similar to: “Diskéibet record error.”

- If the 10.SYS and MSDOS.SYS are not the first tiles in the directory (or some
other problem is encountered in loading), you’k s& error such as: “Non-system
disk or disk error.”

- If the boot sector on the diskette is corrupted aadnot be read (DOS 3.3 or
earlier), you'll probably get Bisk bootfailure message.

If the OS cannot be loaded from any floppy drives system will search the first
fixed drive (hard drive). Hard drives are a bit manvolved than floppy disks.

BIOS loads sector 1 (head 0, cylinder 0) from thedhdrive’s master partition boot
sector (called thenasterboot sector, MBBSinto memory, starting at 0000:7C00h,
and the last two bytes of the sector are checkele Ifinal two bytes of the master-
partition boot sector are not 55h and AAh respetyivthe boot sector is in valid,

and you will see an error message similar to: “Motldevice available and system
initialization will halt.” Other systems might degpithe error differently or attempt
to load ROM BASIC. If the BIOS attempts to load RAASIC and there is no

such feature in the BIOS, you'll see a ROM BASI@emessage.

Otherwise, the disk will search for and identifyyaextended partitions (up to 24 total
partitions). Once any extended partitions have kdentified, the drive’s original boot

sector will search f or a boot-indicator byte, magka partition as active and bootable. If
none of the partitions are marked as bootable f(ondre than one partition is marked



bootable), a disk error message will be displaysthsas: “Invalid partition table.” Some
older BIOS versions might attempt to load ROM BASIt will generate an error
message in most cases anyway.

When an active bootable partition is found in thestar partition boot sector, the DOS
Volume Boot Sector (VB8pm the bootable partition is loaded into memany gested.

If the DOS VBS cannot be read, you will see anremessage similar to: “Error loading
operating system.” When the DOS volume boot satdes load, the last two bytes are.
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Tested for a signature of 55h and AAh, respectiviélthese signature bytes are missing,
you will see an error message such as: “Missingatjmg system.” Under either error
condition, system initialization will halt.

After the signature bytes are identified, the DQ@fumne boot sector (now in memory) is
executed as if it were a program. This “programéalts the root directory to ensure that
10.SYS and MSDOS.SYS (or IBMBIO.COM and IBMDOS.COlste available. In older
MS-DOS versions, 10.SYS and MSDOS.SYS have to bditht two directory entries. If
the DOS volume boot sector was created with MS-B@Sor earlier) and the two startup
files are not the first two files in the directaiyr there is an error in loading the files), the
system will produce an error code, such as: “Nastesy disk or disk error.” If the boot
sector is corrupt, you might see a message likesK'Doot failure.”

Loading the OS

If no problems are detected in the disk's DOS vaumoot sector, 10.SYS (or IBMBIO.
COM) is loaded and executed. If Windows 95 is andfistem, 10.SYS might be renamed
WINBOOT.SYSwhich will be executed instead. 10.SYS contairgeesions to BIOS that
start low-level device drivers for such things bs keyboard, printer, and block devices.
Remember that 10.SYS also contains initializatiodes that is only needed during system
startup. A copy of this initialization code is ptacat the top of conventional memory
which takes over initialization. The next stepdddad MSDOS.SYS (or IBMDOS. COM),
which is loaded so that it overlaps the part ofS¥S containing the initialization code.
MSDOS.SYS (the MS-DOS kernel) is then executeditéalize base device drivers, detect
system status, reset the disk system, initialiaecds (such as the printer and serial port),
and set up system-default parameters. The MS-D®é&heals are now loaded and control
returns to the 10.SYS/WINBOOT.SYS initializationdain memory.

Establishing the Environment

If a CONFIG.SYS file is present, it is opened apdd by 10.SYS/WINBOOT.SYS. The
DEVICE statements are processed first in the dittkey appear, then INSTALL statements
are processed in the order they appear. A SHELterstnt is handled next. If no SHELL
statement is present, the COMMAND.COM processofoeded. When COMMAND.
COM is loaded, it overwrites the initialization @teft over from 10.SYS (which is now
no longer needed). Under Windows 95, COMMAND.COM Ilmded only if an
AUTOEXEC.BAT file is present to process the AUTOEXBAT statements. Finally, all



other statements in CONFIG.SYS are processed, aiNB®OT.SYS also looks for the
SYSTEM.DAT registry file.

When an AUTOEXEC.BAT file is present, COMMAND.COM/Ijich now has control of
the system) will load and execute the batch filgkeAthe batch-file processing is complete,
the familiar DOS prompt will appear. If there is AUTOEXEC.BAT in the root directory,
COMMAND.COM will request the current date and tinttegen show the DOS.
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For Windows 95 systems, 10.SYS (or WINBOOT.SYS) bamas the functions of

10.SYS and MSDOS.SYS. Prompt. You can now laungtlieggtions or use any available
OS commands. AUTOEXEC. BAT can also call a sheitlsas Windows 3.1x) or start an
application. Under Windows 95, 10.SYS/WINBOOT.SYSut@natically loads
HIMEM.SYS, IFSHLP.SYS, and SETVER.EXE, then load® tWIN.COM kernel to
officially start Windows 95.

Creating A Dos Boot Disk

The most persistent problem with PC troubleshootinthat it can be difficult to boot a
system successfully—especially if there are hardedsroblems. This makes it particularly
important to have a bootable floppy diskette oncharhe two means of creating a boot
disk are: automatically (through an existing Windo®b6 platform) or manually (through a
DOS 6.22 platform). In either case, you're goinghe®ed access to a running PC with an
operating system that is similar to the version gtan to install on the new PC.

Windows 95 Windows 95 comes with an automatic ‘B@armDisk” maker. If you have
access to a Windows 95 system, use the followinggtture to create a DOS 7.x startup
disk:

- Label a blank diskette and insert it into yowpiby drive.

- Click onStart, SettingsandControl Panel

- Doubleclick on thedAdd/remove programson.

- Select theStartup diskab.

- Click onCreate disk

- The utility will remind you to insert a diskettinen prepare the disk automatically.

When the preparation is complete, test the diské&tie preparation process takes several
minutes, and will copy the following files to youtiskette: ATTRIB, CHKDSK,
COMMAND, DEBUG, DRVSPACE.BIN, EDIT, FDISK, FORMAT,REGEDIT,
SCANDISK, SYS, and UNINSTAL. All of these files aBOS 7.x-based files, so you can
run them from the A: prompt.

DOS 6.22 If you don’'t have access to a system Withdows 95 already, you’ll need to
make a boot disk manually using DOS 6.22 utilit@seate a bootable diskette by using the
SYS feature, such as: C:\DOS\> SYS A: <Enter> @& tiie Format command to make a
bootable diskette like: C:\DOS\> FORMAT A: /S <Emnte
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The Windows 95 FDISK utility has been reported &vdr a bug that can cause problems
when creating more than one partition on the sanwe.dLater releases of Windows 95
(i.e., OSR 2) claim to have corrected this issug ifoyou encounter problems with FDISK,
use the DOS 6.22 version.

Once the diskette is bootable, copy the followin@® utilities (usually from the DOS
directory): FDISK, FORMAT, SYS, MEM, DEFRAG, SCANBK, EDIT, HIMEM,
EMM386, and EDIT. You might not need all of thed#ities, but it can be handy to have
them on-hand in case you need to check a disk arange

Week 3
This Week Learning Outcome

To Understand:
» Cause of Startup Failure

The Boot Process

Computer initialization is a process—not en evénbm the moment that power is applied
until the system sits idle at the command-line gubr graphical desktop, the PC boot
process is a sequence of predictable steps thdly wbe system and prepare it for

operation. By understanding each step in systetmlimation, you can develop a real

appreciation for the way that hardware and softwelae to one another—you also stand a
much better chance of identifying and resolvingbgms when a system fails to boot

properly. This part of the chapter provides a sigstep review of a typical PC boot

process.

Applying Power
PC initialization starts when you turn the system 16 all output voltages from the power
supply are valid, the supply generates a Power GB&J logic signal. It can take between
100 ms and 500 ms for the supply to generate aigt@lsWhen the motherboard timer IC
receives the PG signal, the timer stops forcingeaeRsignal to the CPU. At this point, the
CPU starts processing.

The Bootstrap

The very first operation performed by a CPU is éichi an instruction from address
FFFF:0000h. Because this address is almost at rtdeoé available ROM space, the
instruction is almost always a jump command (JM#pived by the actual BIOS ROM
starting address. By making all CPUs start at #mespoint, the BIOS ROM can then send
program control anywhere in the particular ROM (aadh ROM is usually different). This
initial search of address FFFF.0000h and the suleseqre-direction of the CPU is
traditionally referred to as théootstrap in which the PC “pulls itself up by its



bootstraps”—or gets itself going. Today, we havertaned the term tboot and have
broadened its meaning to include the entire imzgiion process.

Core Tests

The core tests are part of the oveRdiwer-On Self-Test (POS$gquence, which is the
most important use of a system BIOS during init@tiion. As you might expect, allowing.
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The system to initialize and run with flaws in tm@therboard, memory, or drive systems
can have catastrophic consequences for files in anermr on disk. To ensure system
integrity, a set of hardware-specific self-test thoes checks the major motherboard
components, and identifies the presence of any aihecialized BIOS ICs in the system
(i.e., drive-controller BIOS, video BIOS, SCSI BIQO&hd so on). BIOS starts with a test of
the motherboard hardware such as the CPU, mathomegsor, timer ICdirect Memory
Access (DMAgontrollers, andnterrupt (IRQ)controllers.

If an error is detected in this early phase ofingsta series of beeps (or beep codes) are
produced. By knowing the BIOS manufacturer andiibep code, you can determine the
nature of the problem. Chapter 15 deals with be®p exror codes in more detail. Beep
codes are used because the video system has mahiiegized.

Next, BIOS looks for the presence of a video ROMween memory locations
C000:0000h through C780:000h. In just about altesys, the search will reveal a video
BIOS ROM on a video adapter board, plugged intaeailable expansion slot. If a video
BIOS is found, its contents are evaluated with ackkum test. If the test is successful,
control is transferred to the video BIOS, whichdsaand initializes the video adapter.
When initialization is complete, you will see a sor on the screen and control returns to
the system BIOS. If no external video adapter Bi®Socated, the system BIOS will
provide an initialization routine for the motherbd’a video adapter and a cursor will also
appear.

Once the video system initializes, you are likety dee a bit of text on the display
identifying the system or video BIOS ROM maker aadision level. If the checksum test
fails, you will see an error message such as: G30M Error or Video ROM Error.

Initialization will usually halt right there. Novhat the video system is ready, system BIOS
will scan memory from C800:0000h through DF80:0000BKB increments to search for
any other ROMs that might be on other adapter cerdee system. If other ROMs are
found, their contents are tested and run. As eapplemental ROM is executed, they will
show manufacturer and revision ID information. lom& cases, a supplemental (or
“adapter’) ROM might alter an existing BIOS ROM tme. For example, an Ultra
DMA/33 drive-controller board with its own on-boaRDM will replace the motherboard’s
older drive routines. When a ROM fails the checkdest, you will see an error message
such as: “XXXX ROM Error.” ThexXXXindicates the segment address where the faulty
ROM was detected. If a faulty ROM is detected, aysinitialization will usually halt.



Post

BIOS then checks the memory location at 0000:04TRis address contains a flag that
determines whether the initialization is a coldrtstpower first applied) or a warm start
(reset button or <CtrI>+<Alt>+<Del> key combinatjorA value of 1234h at this address
indicates a warm start—in which case, the (POSuijime is skipped. If any other value is
found at that location, a cold start is assumed,tae full POST routine will be executed.
The full POST checks many of the other higher-leftgictions on the motherboard,
memory, keyboard, video adapter, floppy drive, natfprocessor, printer port, serial port,
hard drive, and other sub-systems. Dozens of éestperformed by the POST.

When an error is encountered, the single-byte PQSSIE is written to 1/O port 80h, where
it might be read by a POST-code reader. In oth&es;ayou might see an error message.
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On the display (and system initialization will halRemember that POST codes and their
meanings will vary slightly between BIOS manufaetst If the POST completes
successfully, the system will respond with a singéep from the speaker. Chapter 15
covers I/O port POST codes.

Finding the OS

The system now needs to load an operating systeualfy DOS or Windows 95). The first
step here is to have the BIOS search for a DOSwelboot sector (VBS) on the A: drive.
If there is no disk in the drive, you will see ttiéve light illuminate briefly, and then BIOS
will search the next drive in the boot order (uludtive C:). If a disk is in drive A:, BIOS

will load sector 1 (head O, cylinder 0) from theskds DOS volume boot sector into
memory, starting at 0000:7C00h. There are a nundjepotential problems when
attempting to load the VBS. Otherwise, the firsbgyam in the directory (I0.SYS) will

begin to load, followed by MSDOS.SYS.

- If the first byte of the DOS VBS is less than 06h if the first byte is greater than
or equal to 06h and next nine words of the seabotain the same data pattern),
you will see an error message similar to: “Diskéibet record error.”

- If the 10.SYS and MSDOS.SYS are not the first fiiles in the directory (or some
other problem is encountered in loading), you’k s& error such as: “Non-system
disk or disk error.”

- If the boot sector on the diskette is corrupted aadnot be read (DOS 3.3 or
earlier), you'll probably get Bisk bootfailure message.

If the OS cannot be loaded from any floppy drivee system will search the first
fixed drive (hard drive). Hard drives are a bit mmonvolved than floppy disks.

BIOS loads sector 1 (head 0, cylinder 0) from thedidrive’s master partition boot
sector (called thenasterboot sector, MBBSinto memory, starting at 0000:7C00h,
and the last two bytes of the sector are checkebeIfinal two bytes of the master-



partition boot sector are not 55h and AAh respetyivthe boot sector is in valid,

and you will see an error message similar to: “Motldevice available and system
initialization will halt.” Other systems might degpithe error differently or attempt
to load ROM BASIC. If the BIOS attempts to load RAASIC and there is no

such feature in the BIOS, you'll see a ROM BASI@emessage.

Otherwise, the disk will search for and identifyyaextended partitions (up to 24 total
partitions). Once any extended partitions have kdentified, the drive’s original boot

sector will search f or a boot-indicator byte, magka partition as active and bootable. If
none of the partitions are marked as bootable f(ondre than one partition is marked
bootable), a disk error message will be displaysthsas: “Invalid partition table.” Some
older BIOS versions might attempt to load ROM BASIut will generate an error

message in most cases anyway.

When an active bootable partition is found in thestar partition boot sector, the DOS
Volume Boot Sector (VB8pm the bootable partition is loaded into memany gested.

If the DOS VBS cannot be read, you will see anremessage similar to: “Error loading
operating system.” When the DOS volume boot satdes load, the last two bytes are.
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Tested for a signature of 55h and AAh, respectiviélthese signature bytes are missing,
you will see an error message such as: “Missingatjmg system.” Under either error
condition, system initialization will halt.

After the signature bytes are identified, the DQ@fBumne boot sector (now in memory) is
executed as if it were a program. This “programéalts the root directory to ensure that
10.SYS and MSDOS.SYS (or IBMBIO.COM and IBMDOS.COlste available. In older
MS-DOS versions, 10.SYS and MSDOS.SYS have to bditht two directory entries. If
the DOS volume boot sector was created with MS-B@Sor earlier) and the two startup
files are not the first two files in the directaiyr there is an error in loading the files), the
system will produce an error code, such as: “Nastesy disk or disk error.” If the boot
sector is corrupt, you might see a message likesK'Doot failure.”

Loading the OS

If no problems are detected in the disk's DOS vaumoot sector, 10.SYS (or IBMBIO.
COM) is loaded and executed. If Windows 95 is andfistem, 10.SYS might be renamed
WINBOOT.SYSwhich will be executed instead. 10.SYS contairgeesions to BIOS that
start low-level device drivers for such things bhs keyboard, printer, and block devices.
Remember that 10.SYS also contains initializatiodes that is only needed during system
startup. A copy of this initialization code is ptacat the top of conventional memory
which takes over initialization. The next stepdddad MSDOS.SYS (or IBMDOS. COM),
which is loaded so that it overlaps the part ofS¥S containing the initialization code.
MSDOS.SYS (the MS-DOS kernel) is then executeditéalize base device drivers, detect
system status, reset the disk system, initialiagcds (such as the printer and serial port),
and set up system-default parameters. The MS-D®é&heals are now loaded and control
returns to the 10.SYS/WINBOOT.SYS initializationdamin memory.



Establishing the Environment

If a CONFIG.SYS file is present, it is opened agdd by 10.SYS/WINBOOT.SYS. The
DEVICE statements are processed first in the diftey appear, then INSTALL statements
are processed in the order they appear. A SHELtersent is handled next. If no SHELL
statement is present, the COMMAND.COM processoftoeded. When COMMAND.
COM is loaded, it overwrites the initialization @teft over from 10.SYS (which is now
no longer needed). Under Windows 95, COMMAND.COM I@mded only if an
AUTOEXEC.BAT file is present to process the AUTOEXBAT statements. Finally, all
other statements in CONFIG.SYS are processed, alNB®OT.SYS also looks for the
SYSTEM.DAT regqistry file.

When an AUTOEXEC.BAT file is present, COMMAND.COMIjich now has control of
the system) will load and execute the batch filteAthe batch-file processing is complete,
the familiar DOS prompt will appear. If there is AUTOEXEC.BAT in the root directory,
COMMAND.COM will request the current date and tinttegen show the DOS.
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For Windows 95 systems, 10.SYS (or WINBOOT.SYS) bamas the functions of

I0.SYS and MSDOS.SYS. Prompt. You can now laungtliegtions or use any available
OS commands. AUTOEXEC. BAT can also call a sheitlsas Windows 3.1x) or start an
application. Under Windows 95, IO0.SYS/WINBOOT.SYSut@natically loads
HIMEM.SYS, IFSHLP.SYS, and SETVER.EXE, then loade tWIN.COM kernel to
officially start Windows 95.

Creating A Dos Boot Disk

The most persistent problem with PC troubleshootinthat it can be difficult to boot a
system successfully—especially if there are hardedsroblems. This makes it particularly
important to have a bootable floppy diskette oncharhe two means of creating a boot
disk are: automatically (through an existing Windo®b platform) or manually (through a
DOS 6.22 platform). In either case, you're goinghe®ed access to a running PC with an
operating system that is similar to the version gtan to install on the new PC.

Windows 95 Windows 95 comes with an automatic ‘Bf@armDisk” maker. If you have
access to a Windows 95 system, use the followinggtture to create a DOS 7.x startup
disk:

- Label a blank diskette and insert it into yowpiby drive.

- Click onStart, SettingsandControl Panel

- Doubleclick on theAdd/remove programson.

- Select theStartup diskab.

- Click onCreate disk

- The utility will remind you to insert a diskettinen prepare the disk automatically.



When the preparation is complete, test the diské&tie preparation process takes several
minutes, and will copy the following files to youtiskette: ATTRIB, CHKDSK,
COMMAND, DEBUG, DRVSPACE.BIN, EDIT, FDISK, FORMAT, REGEDIT,
SCANDISK, SYS, and UNINSTAL. All of these files aBOS 7.x-based files, so you can
run them from the A: prompt.

DOS 6.22 If you don’t have access to a system Mithdows 95 already, you'll need to
make a boot disk manually using DOS 6.22 utilitéseate a bootable diskette by using the
SYS feature, such as: C:\DOS\> SYS A: <Enter> @& tiie Format command to make a
bootable diskette like: C:\DOS\> FORMAT A: /S <Emte
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The Windows 95 FDISK utility has been reported &vén a bug that can cause problems
when creating more than one partition on the sanwe.dLater releases of Windows 95
(i.e., OSR 2) claim to have corrected this issug ifoyou encounter problems with FDISK,
use the DOS 6.22 version.

Once the diskette is bootable, copy the followin@® utilities (usually from the DOS
directory): FDISK, FORMAT, SYS, MEM, DEFRAG, SCANBK, EDIT, HIMEM,
EMM386, and EDIT. You might not need all of thed#ities, but it can be handy to have
them on-hand in case you need to check a disk arane



Week4

To Understand
» Startup Problems(Power Supply Unit)

Power Supply

The power supply is the silver box that is usu#dlyated in the rear right quarter of the
enclosure. Ac enters the supply through the acdord, which is connected at the rear of
the enclosure. A supply then produces a series afutiputs that power the motherboard
and drives. The importance of a power supply isyeasough to understand, but its
implications for system integrity and expandabilityight not be as obvious. Power
supplies sustain a great deal of electrical sireasrmal everyday operation.

The conversion of ac into dc results in substartiedt, which is why so many power
supplies are equipped with a cooling fan. Surgai&es, and other anomalies that plague ac
power distribution (especially in underdevelopegiagas of the world) also find their way
into PC power supplies, where damage can occur.guléty of a power supply’s design
and components and design dictate how long itlasil in operation. A quality supply will
resist power problems and tolerate the rigors aimab operation, but a sub-standard
supply can fail spontaneously after only a few rhendf operation. When replacing or
upgrading a power supply, be sure to choose abtelimodel. Power supplies also limit a
system’s expandability. Every element used in tBer€uires a certain amount of power
(marked W for watty. The supply must be capable of producing enougtvep to
adequately meet the system’s demand. An under-argupply (typical in low-profile
systems) or a supply overloaded by excessive exgpafshich frequently occurs in tower
systems) might not be able to support the powedsed the system. Inadequate power
results in very strange system behavior such asedigtable system lockups, random
memory faults, or disk-access problems. When repdaa power supply, be certain that
the new supply can provide at least as much powehe supply being replaced. When
upgrading a supply, choose a supply that offereadt 50 watts more than the original

supply.



Week5
This Week Learning Outcome

To Understand:
» Startup Diagnostic (Hardware)

Hardware Diagnostic Utility

After the PC has been cleaned and checked insalewnit’s time to check the hard drive
for potential problems. This involves checking theve’s file system, reorganizing files,

and creating an updated boot disk. To perform @edrheck, you'll need a copy of Scan-
Disk and Defrag. Because these utilities are ayrdmult into Windows 95, you can reboot
the system and use those utilities directly. If yyva more comfortable with running these
utilities from DOS, create a startup disk from withVindows 95 and boot from that

diskette. Then run ScanDisk and Defrag right fréma startup disk. You should perform
the drive check very regularly—once a month is lguacommended, or whenever you
make major additions or deletions of files from yeystem.

Run Scandisk

The ScanDisk utility is designed to check your drior file problems (such as lost or
cross-linked clusters), then correct those problédeanDisk is also particularly useful for
testing for potential media (surface) errors onisk.dScanDisk will report any problems
and give you the option of repairing the problems.

Run Defrag

Operating systems like DOS and Windows 95 segrefyate space into groups of sectors
calledclusters Clusters are used on an “as found” basis, s® jossible for the clusters

that compose a file to be scattered across a drivs.forces the drive to work harder (and
take longer) to read or write the complete file daese a lot of time is wasted moving
around the drive. The Defrag utility allows relatiélé clusters to be relocated together.
Defrag will relocate every file on the disk so tladittheir clusters are positioned together
(contiguous).



Week6
This Week Learning Outcome

To Understand andRecognize

Memory is a cornerstone of the modern PC. Memorytblls the program code and data
that is processed by the CPU—and it is this intenatationship between memory and the
CPU that forms the basis of computer performancdéh Yarger and faster CPUs constantly
being introduced, and more complex software is kbpesl to take advantage of the
processing power. In turn, the more complex so#w@@mands larger amounts of faster
memory. With the explosive growth of Windows (andre recently, Windows 95) the
demands made on memory performance are more dwteevver. These demands have
resulted in a proliferation of memory types that fgo beyond the simple, traditional
DRAM. Cache (SRAM), fast page-mode (FPM) memoryteerded data output (EDO)
memory, video memory (VRAM), synchronous DRAM (SDRKA flash BIOS, and other
exotic memory types (such as RAMBUS) now competéhfe attention of PC technicians.

These new forms of memory also present some neblgms. This chapter will provide
you an understanding of memory types, configuratiomstallation concerns, and
troubleshooting options.

Memory Package Styles and Structures

Ultimately, the memory die is mounted in a packpagpt like any other IC. The completed

memory packages can then be soldered to your nimthet or attached to plug-in

structures, such as SIMMs, DIMMs, and memory cafdsly four package styles are
normally used for memory devices:

- DIP (Dual In-line Package)This classic IC package is used for through-hole
mounting (prior to surface-mount technology). Thiwantage of DIP ICs is their
compatibility with IC sockets, which allows ICs tme inserted or removed as
required. Unfortunately, the long metal pins candand break if the IC is inserted
or removed incorrectly. Also, the overall size lo¢ tpackage demands extra space.
DIP ICs were used in older PCs (286 and earlietesys) and older VGA/SVGA
video boards. DIPs are still sometimes used on embtards to provide cache
RAM.

- SIP (Single In-line Packag@)his type of IC package is rarely used today—there
are simply not enough pins. However, they did makshort appearance with
memory devices in late-model 286 and early 386esyst which flirted with
proprietary memory expansions. | remember NEC usimgh devices in a 2MB
add-on for their 386SX/20— and you needed to adtl tiodule before you added



even more memory in the form of proprietary SIMMBEPs can be troublesome
because they are difficult to find replacements $ar expect replacement memory
modules using them to cost a premium.

- SOJ (Small-Outline “J” Lead)lhis is the contemporary package style for surface
mount circuits. The leads protrude from the pacKigea DIP, but are bent around
just under the package in the form of a “j”. Soskier SOJ packages are often used
for replaceable memory ICs, such as the BIOS ROM,nost RAM devices are
soldered directly to the motherboard as system meifos a video board as video
RAM). SIMMs often use SOJ memory components.

- TSOP (Thin, Small-Outline Packadeake the SOJ, a TSOP is also a surface-mount
package style. However, its small, thin body mak&©®P memory ideal for narrow
spaces. Expect to find such devices serving as memaotebook/sub-notebook
systems or PCMCIA cards (a.k.a., PC Cards).

Add-On Memory Devices

Memory has always pushed the envelope of IC de3igis. trend has given us tremendous
amounts of memory in very small packages, but sbdhas kept memory relatively

expensive. Manufacturers responded by providingranmaum amount of memory with the

system, then selling more memory as an add-on moptthis keeps the cost of a basic
machine down and increases profit through add-dessa@s a technician, you should
understand the three basic types of add-on memory.

Proprietary Add-On Modules: Once the Intel i286 opened the door for more thdiB 1
of memory, PC makers scrambled to fill the void.wewer, the rush to more memory
resulted in a proliferation of non-standard (ancbmpatible) memory modules. Each new
motherboard came with a new add-on memory schemes-rtvariably led to a great deal
of confusion among PC users and makers alike. Yitidikely find proprietary memory
modules in 286 and early 386 systems.

SIMMs and DIMMs: By the time 386 systems took hold in the PC ingugiroprietary
memory modules had been largely abandoned in faivthre “Memory Module” (Fig. 23-
3). A SIMM (Single In-line Memory Module) is lighgmall, and contains a relatively large
block of memory, but perhaps the greatest advardbhgeSIMM is standardization. Using a
standard pin layout, a SIMM from one PC can beaitest in any other PC. The 30-pin
SIMM (Table 23-1) provides 8 data bits, and gengtadlds up to 4AMB of RAM.

The 30-748 Memory Troubleshooting
A 72-pin SIMM
A 168-pin DIMM

Memory Organization

The memory in your computer represents the redudtvolution over several computer
generations. Memory operation and handling is takeme of by your system’s
MIiCroprocessor.



As CPUs improved, memory-handling capabilities hangroved as well. Today’'s
microprocessors, such as the Intel Pentium or &®nro, are capable of addressing more
than 4GB of system memory—well beyond the levels cointemporary software
applications.

Unfortunately, the early PCs were not nearly so gréml. Older PCs could only address
1MB of memory because of the limitations of the 8@&croprocessor.

Because backward compatibility is so important éanputer users, the drawbacks and
limitations of older systems had to be carried fanvinto newer computers, instead of
being eliminated. Newer systems overcome theirrgttelimitations by adding different
“types” of memory, along with the hardware and wafte to access the memory. This part
of the chapter describes the typical classificaiaf computer memory: conventional,
extended, and expanded memory. This chapter alsorides high memory concepts.
Notice that these memory types have nothing to itlo the actual ICs in your system, but
the way in which software uses the memory.

Memory Considerations

Memory has become far more important than just aceplto store bits for the
MiCroprocessor.

It has proliferated and specialized to the poinexehit is difficult to keep track of all the
memory options and architectures that are availables part of the chapter reviews
established memory types, and explains some afufrent memory architectures.

Memory Speed and Wait States

The PC industry is constantly struggling with tredamce between price and performance.
Higher prices usually bring higher performance, lomt cost makes the PC appealing to
more people. In terms of memory, cost-cutting tgpycinvolves using cheaper (slower)
memory devices. Unfortunately, slow memory cannelivér data to the CPU quickly
enough, so the CPU must be made to wait until mgroan catch up. All memory is rated
in terms of speed—specificallgccess timeAccess time is the delay between the time data
in memory is successfully addressed, to the pdimthach the data has been successfully
delivered to the data bus. For PC memory, access is measured in nanoseconds (ns),
and current memory offers access times of 50 ton$070-ns memory is extremely
common.

The question often arises: “Can | use faster mertttag the manufacturer recommends?”
The answer to this question is almost always “Yésif rarely does performance benefit.
As you will see in the following sections, memomydaarchitectures are typically tailored
for specific performance. Using memory that iséashould not hurt the memory or impair
system performance, but it costs more and will pduce a noticeable performance
improvement. The only time such a tactic would deised is when your current system is
almost obsolete, and you would want the new mentorpe useable on a new, faster
motherboard if you choose to upgrade the mothedoleéer on.

A walit state orders the CPU to pause for one ctycke to give memory additional time to
operate. Typical PCs use one wait state, althouwgi old systems might require two or



three. The latest PC designs with high-end memop@ggressive caching might be able to
operate with no (zero) wait states. As you mighdgme, a wait state is basically a waste of
time, so more wait states result in lower systenfopmance. Zero wait states allow

optimum system performance. Table 23-9 illustrates general relationship between

CPUs, wait states, and memory speed. It is infegesd note that some of the fastest
systems allow the most wait states. This flexipiliets the system support old, slow

memory,
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These new forms of memory also present some neblgms. This chapter will provide
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Ultimately, the memory die is mounted in a packpge like any other IC. The completed
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required. Unfortunately, the long metal pins candand break if the IC is inserted
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video boards. DIPs are still sometimes used on embtards to provide cache
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- SIP (Single In-line Packagé@his type of IC package is rarely used today—there
are simply not enough pins. However, they did makshort appearance with
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add-on for their 386SX/20— and you needed to adtl tiodule before you added
even more memory in the form of proprietary SIMMBPs can be troublesome
because they are difficult to find replacements $ar expect replacement memory
modules using them to cost a premium.

- SOJ (Small-Outline “J” Lead)his is the contemporary package style for surface
mount circuits. The leads protrude from the pacKégea DIP, but are bent around
just under the package in the form of a “}”. Soskietr SOJ packages are often used
for replaceable memory ICs, such as the BIOS ROM,nost RAM devices are
soldered directly to the motherboard as system meifoo a video board as video
RAM). SIMMs often use SOJ memory components.

- TSOP (Thin, Small-Outline Packadeke the SOJ, a TSOP is also a surface-mount
package style. However, its small, thin body mak8®P memory ideal for narrow
spaces. Expect to find such devices serving as memaotebook/sub-notebook
systems or PCMCIA cards (a.k.a., PC Cards).

Add-On Memory Devices

Memory has always pushed the envelope of IC deSigis. trend has given us tremendous
amounts of memory in very small packages, but $bdhas kept memory relatively

expensive. Manufacturers responded by providingranmam amount of memory with the

system, then selling more memory as an add-on mptthis keeps the cost of a basic
machine down and increases profit through add-dess@s a technician, you should
understand the three basic types of add-on memory.

Proprietary Add-On Modules: Once the Intel i286 opened the door for more thdiB 1
of memory, PC makers scrambled to fill the void.wewer, the rush to more memory
resulted in a proliferation of non-standard (ancbmpatible) memory modules. Each new
motherboard came with a new add-on memory schemie-tvariably led to a great deal
of confusion among PC users and makers alike. Yiiuikely find proprietary memory
modules in 286 and early 386 systems.

SIMMs and DIMMs: By the time 386 systems took hold in the PC ingugiroprietary
memory modules had been largely abandoned in fafvtire “Memory Module” (Fig. 23-
3). A SIMM (Single In-line Memory Module) is lighgmall, and contains a relatively large
block of memory, but perhaps the greatest advarihgeSIMM is standardization. Using a
standard pin layout, a SIMM from one PC can beaitest in any other PC. The 30-pin
SIMM (Table 23-1) provides 8 data bits, and gengtadlds up to 4MB of RAM.

The 30-748 Memory Troubleshooting
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Memory Organization

The memory in your computer represents the redudvolution over several computer
generations. Memory operation and handling is takeme of by your system’s
microprocessor.



As CPUs improved, memory-handling capabilities hangroved as well. Today’'s
microprocessors, such as the Intel Pentium or @@nBro, are capable of addressing more
than 4GB of system memory—well beyond the levels cointemporary software
applications.

Unfortunately, the early PCs were not nearly so gréwV. Older PCs could only address
1MB of memory because of the limitations of the 8@&croprocessor.

Because backward compatibility is so important eonputer users, the drawbacks and
limitations of older systems had to be carried fanvinto newer computers, instead of
being eliminated. Newer systems overcome theirrgitelimitations by adding different
“types” of memory, along with the hardware and wafte to access the memory. This part
of the chapter describes the typical classificatiah computer memory: conventional,
extended, and expanded memory. This chapter alsorides high memory concepts.
Notice that these memory types have nothing to iflo the actual ICs in your system, but
the way in which software uses the memory.

Memory Considerations

Memory has become far more important than just aceplto store bits for the
microprocessor.

It has proliferated and specialized to the poinexehit is difficult to keep track of all the
memory options and architectures that are availables part of the chapter reviews
established memory types, and explains some afutrent memory architectures.

Memory Speed and Wait States

The PC industry is constantly struggling with thedmce between price and performance.
Higher prices usually bring higher performance, lowt cost makes the PC appealing to
more people. In terms of memory, cost-cutting tgfycinvolves using cheaper (slower)
memory devices. Unfortunately, slow memory cannelivdr data to the CPU quickly
enough, so the CPU must be made to wait until mgmoan catch up. All memory is rated
in terms of speed—specificallgccess timeAccess time is the delay between the time data
in memory is successfully addressed, to the pdimthach the data has been successfully
delivered to the data bus. For PC memory, accass is measured in nanoseconds (ns),
and current memory offers access times of 50 ton$070-ns memory is extremely
common.

The question often arises: “Can | use faster mertiag the manufacturer recommends?”
The answer to this question is almost always “Yésif rarely does performance benefit.
As you will see in the following sections, memorydaarchitectures are typically tailored
for specific performance. Using memory that iséashould not hurt the memory or impair
system performance, but it costs more and will patduce a noticeable performance
improvement. The only time such a tactic would deised is when your current system is
almost obsolete, and you would want the new mentorpe useable on a new, faster
motherboard if you choose to upgrade the mothedoader on.
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operate. Typical PCs use one wait state, althouwgi old systems might require two or

three. The latest PC designs with high-end memop@ggressive caching might be able to
operate with no (zero) wait states. As you mighdgme, a wait state is basically a waste of
time, so more wait states result in lower systenfopmance. Zero wait states allow

optimum system performance. Table 23-9 illustrates general relationship between

CPUs, wait states, and memory speed. It is infegesd note that some of the fastest
systems allow the most wait states. This flexipiliets the system support old, slow

memory,
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Hard Drive Failure — Symptoms and Troubleshooting

The hard-disk drive (HDD)evolved to answer the incessant demands for pemhéungh-
volume file and data storage in the PC. Early flodisks provided simple and inexpensive
storage, but they were slow and programs quickbab® far too large to store adequately
on diskettes. Switching between multiple disketédso proved to be a cumbersome
proposition. By the early 1980s, hard drives hadob®e an important part of PC
architecture (Fig. 17-1) and helped to fuel furt®& and applications development. Today,
the hard drive is an indispensable element of tiekelem PC. The hard drive holds the
operating system, which boots the system, storsnthiti-megabyte applications and files
that we rely on, and even provides “virtual memdiyf” systems lean on RAM. Hard-drive
performance also has a profound effect on overatesn performance. As you might
imagine, hard-drive problems can easily cripple yatesm. This chapter presents the
technology and principles of hard-disk drives, qmdvides you with some solutions for
drive testing and troubleshooting.

Drive Concepts

The first step in understanding hard drives isetrh the basic concepts involved. Many of
the terms covered in Chapter 16 also apply to dareks, but the additional performance
requirements and operating demands placed on hareschave resulted in an array of
important new ideas. In principle, a hard-disk drig very similar to a floppy drive—a

magnetic recording media is applied to a substraterial, which is then spun at a high
rate of speed. Magnetic read/write heads in closgimity to the media can step rapidly
across the spinning media to detect or createtfansistions, as required. When you look
closely, however, you can see that there are somjernphysical differences between
floppy and hard drives.

Platters and Media

Where floppy disks use magnetic material appliedravthin, flexible substrate of mylar
(or some other plastic), hard drives use ruggelil] sobstrates, calleglatters You can
clearly view the platters of a hard drive in Fig-4. A platter is traditionally made of alu-

Power-Mode Definitions

Modern hard drives are not simply “on” or “off.” € operate in any one of several
modes, and each mode makes different power demandthe host system. This is
particularly important because today’'s PCs are im@ug ever-more power conscious, so
the ability to control drive power is an integrarpof PC power-conservation systems.
Typical hard drives operate in any of five differ@ower modes:



- Spin-upThe drive is spinning up following initial applican of power and has not
yet reached full speed. This demands about 14 Wsapdrticularly demanding of
the power supply (if the supply is marginal or deaded, the hard drive might not
spin-up properly).

- SeeKkThis is a random-access operation by the disk dasvet tries to locate the
required track for reading or writing. This demaattout 8.5- to 9.0 W.

- Read/writeA seek has been completed, and data is being readdr written to the
drive. This uses about 5.0 W.

- Idle This is a basic power-conservation mode, wheredthes is spinning and all

circuitry is powered on, but the head actuatoraiked and powered off. This drops
power demands to about 4 W, yet the drive is capalbl responding to read
commands within 40 ms.

- StandbyT he spindle motor is not running (the drive “spalsvn”). This is the main
power-conservation mode, and it requires just 1ltwhight require up to several
seconds for the drive will leave this mode (or spyi) upon receipt of a command
that requires disk access.

Smart Command Set

Some of the newest hard drives use thelf-Monitoring Analysis and Reporting
Technology (SMARTgommand set. SMART-compliant drives improve theadategrity
anddata availability of hard-disk drives by regulaclyecking for potential drive problems.
In some cases, a SMART-compliant device will prediat immpending failure with
sufficient time to allow users to backup their data and repkhe drive before data loss
occurs.

Drive Testing and Troubleshooting

Hard-disk drives present some perplexing challerigegomputer technicians and every
day users alike. The problem with hard drives & they are inaccessible devices. Unless
you have the cleanroom environment to open theededdive platters, it is pointless to
even consider replacing failed drive mechanics.nBf’gou could open a drive safely, the
advances in hard-drive technology have been safasfurious that no spare parts market
has ever developed. Drive manufacturers themseirety bother to repair faulty drives or
invest in specialized drive-testing equipment. @edhe course for hard-drive repair is to
identify defective drives and replace faulty unigth new (usually better) ones.
Fortunately, not all hard-drive problems are neaelysfatal. True, you might lose some
programs and data (backup your hard drive frequenblut many drive problems are
recoverable without resorting to drive replacemérdtead of focusing on repairing a hard
drive’s electronics or mechanics, today’s repastita focus on repairing a drive’s data. By
reconstructing or relocating faulty drive infornaatj it is often possible to re-

The important thing to remember when using thiskaosund is that you must keep a
record of the translation values used so that taeybe re-entered if the contents of CMOS
RAM are lost, or if the drive is moved to anothgstem. Write the values on masking tape
and stick the tape on the drive itself. cover frarwide variety of drive problems. Before

you begin any sort of drive troubleshooting, yooudt take the following steps:



- Gather a DOS boot disk or Windows 95 startup @isker to the end of Chapter 3).
If you don’t have a boot disk on hand, you shoultkenone before continuing.

- Gather your DOS installation disk(s) or Windows @D-ROM—if you need to
reinstall the operating system, these will be inahle.

- Gather any hard drive/controller diagnostics gat’ll need.

- Backup as much as you can from your hard drivie€¢$yre attempting any sort of
drive service.

Hdd-Controller Bios Error Codes

There might be times when your hard-drive controfigils or cannot communicate
properly with the hard drive. When this occurs, {laxften find that the controller returns
an error code. Table 17-9 lists a selection of HidDtroller error codes that are

Troubleshooting “DOS Compatibility Mode” Problems
One of the great advantages enjoyed by Windows 9%hat it operates in the
“protectedmode”— that is, drivers and software t@nexecuted beyond the traditional
“real-mode” RAM limit of 1MB. By comparison, DOS & real-mode environment. DOS
programs and drivers can only be executed withia finst 640KB of RAM (the
“conventional memory” area). If Windows 95 cannstablish protected-mode operation
for a drive, it will fall back to real-mode drivesupport. This is known a®0S
compatibility modeUnfortunately, real mode support often impairstegn performance. If
you notice that one or more of the hard drives system is using DOS compatibility mode
(there might be an error message such as: “Conilggtimode paging reduces overall
system performance”), you'll need to track down amrect the cause. In general,
Windows 95 might invoke the DOS compatibility mdde any of the following reasons:
- A questionable device driver, TSR, or computeuyihas hooked the INT 21h or
INT
13h chain before Windows 95 loaded.
- The hard-disk controller in your computer was detected by Windows 95.
- The hard-disk controller was removed from thereot configuration inDevice
manager
- There is a resource conflict between the harll-detroller and another hardware
device.
- The Windows 95 protected-mode driver is missingamaged.
- The Windows 95 protected-mode driver detectearnmeatible or unsupportable
hardware.

You can use the following procedure to isolate emalect the cause of DOS compatibility
mode problems:

1. Open theControl panel double-click theSystemcon, then choose tHeerformance
tab in theSystem propertiedialog. You can identify which drive is using DOS
compatibility mode and why.

2. If the driver name listed as causing the DOSmpmatibility mode is:
MBRINT13.SYS, your computer might be infected wattboot-sector virus or you
are running real-mode disk overlay software (folla& hard disk with more than



1024 cylinders) that is not compatible with Windo®S protected-mode disk
drivers.

. Run a recent anti-virus program to detect andorgrboot-sector viruses (such as
Norton Anti-Virus, NAV). You might need to rewritgur boot sector using a DOS
command, such &DISK /MBR

. If you cannot detect any virus activity, checle thisk-management software. Be
sure that you're using Disk Manager 7.0 or lateye(Disk Manager 7.04 if you're
running DriveSpace 3, included with the Microsdiig? pack).

3. If the driver name that is listed is in the CONFSYS file, contact the driver's
manufacturer to determine whether there is a merent version of the driver that
allows protected-mode operation in Windows 95. Yaight be able to download
the latest driver version from the driver manufaetis Web site.

If no driver is listed on th@erformancdab, check that the hard-disk controller is lisied
the Device managerlf not, install it through thédd new hardwarevizard. If the wizard
cannot detect the controller automatically, runwheard again, but do not let it attempt to
detect the hardware in your computer—instead, séheccontroller specifically from the
hardware list. If your particular controller is ngted, contact the manufacturer of the disk
controller to obtain a Windows 95 protected-modskdiriver (or a Windows 3.1x 32-bit
disk access (FastDisk) driver, if available).

5. If the hard-disk controller is listed in tBevice managerbut has a yellow “I” over
it, there is a resource conflict (IRQ, 1/0, DMA, &IOS address range) with
another device, the protected-mode driver is mgsemmdamaged, or thRisable all
32-bit protected-mode disk drivercheck box has been selectedFite system
properties.

. Doubleclick theSystemcon in theControl pane] click the Performancetab, then
click File systemSelect thel'roubleshootingab and see that thgisable all 32-bit
protected- mode disk drivechieck box has not been selected.

. Resolve any resource conflicts with other devicethe system (refer to Chapter

10).

. Check that the protected-mode driver is in thend@ivs\SYSTEM\AIOSUBSYS
directory and is loading properly. To find whichiver is providing 32-bit disk
access, clickPropertiesfor the disk controller irDevice manageand click the
Driver tab to see which driver files are associated wighdontroller. For most IDE,
EIDE, and ESDI disk controllers, 32-bit disk accesss provided by the
ESDI_506.PDR driver.

For SCSI controllers, Windows 95 often uses SCSIPGRR and a “mini port” (or
.MPD) driver. Restart Windows 95, press <F8> whwen ‘Starting Windows 95" message
appears, then select a “Logged” (BOOTLOG.TXT) stHdrthe 32-bit driver is listed as
loading properly, you're all set. Otherwise, thévdr might be missing or damaged—try
reinstalling the respective 32-bit drivers.



6. Load SYSTEM.INI into a text editor and checkste if the MH2BIT.386 driver is
being loaded (check for a line that reads: “dewncb32bit.386”). This driver is
installed by MicroHouse EZ-Drive software, and ist rcompatible with the
Windows 95 protected mode disk drivers. Unfortulyatidis driver is not removed
by Windows 95 Setup, so you'll need to disable line manually, save your
changes, and reboot the PC.

7. If all else fails, you might be able to achigretected-mode support from the disk
controller by disabling any of the controller's ameed features (i.e., caching, fast
or “turbo” modes), or reducing data-transfer raté&u might also try
systematically disabling advanced IDE controllettees in the CMOS setup.

8. If problems persist, you might have to repldeedrive controller with a model that
better supports protected-mode operation.

Symptoms and Solutions

Now it's time to take a look at some problems aplditsons. The important concept here is
that a hard-drive problem does not necessarily nag@ard-drive failure. The failure of a
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If the hard-disk controller is listed in Device nager, but has aed “ X” over it, it has
been removed from the current hardware profileckCProperties for the controller in
Device manager, then click the check box that epwads to the current hardware profile
under Device usag&ector or track does not automatically indicatespdgt head or platter
damage—that is whgoftware tools have been so successful. Even ifoomaore sectors
are physically damagedhillions of sectors are on a hard drive. A few Isadtors do not
render a drive faulty.

One of the only times that a drive is truly irregdale is when physical media damage
occurs on track 00, but software tools will helpuyo identify the scope of the problem.

Symptom 17-1. The hard drive is completely dead diee does not spin up, the drive
light doesn't illuminate during power-up, or youesan error message indicating that the
drive is not found or ready. In most cases, yowkhgsuspect a power problem first. Be
sure that the 4-pin power connector is insertegpgnly and completely. If the drive is
being powered by a “Y-connector,” be sure any intezonnections are secure.

Use a voltmeter and measure the +5-V (pin 4) ar@iF1pin 1) levels. If either voltage
(especially the +12-V supply) is unusually low dasant, replace the power supply. Also
check your signal cable. See that the drive’s digriarface cable is connected securely at
both the drive and controller ends. For IDE/EIDkves, this is the 40-pin ribbon cable.

If the cable is visibly worn or damaged, try a neable. The PC cannot use a hard drive
that it can’t recognize, so enter the CMOS setupime and see that all of the parameters
entered for the drive are correct. Heads, cylindsgstors per track, landing zone, and write
precompensation must all be correct—otherwise, P@B ot recognize the drive. If you

have an “auto-detect” option available, try thagoalRemember to save your changes in



CMOS and reboot the system. If problems continlse, hard drive itself might be

defective. Try a known-good hard drive. If a knogoed drive works as expected, your
original drive is probably defective, and shouldrbplaced. If a known-good hard drive
fails to operate, replace the drive controller bioar

Symptom 17-2. You see drive activity, but the cotepwvill not boot from the hard drive
In most cases, there is a drive failure, boot-gdeiture, or DOS/Windows file corruption.
Check the signal cable first. Be sure that thealsisignal interface cable is connected
securely at both the drive and controller. If tladle is visibly worn or damaged, try a new
one. You should check the CMOS setup next—seeathaf the parameters entered for the
drive are correct. Heads, cylinders, sectors peackir landing zone, and write
precompensation must all correct. Otherwise, PO8ITnat recognize the drive. If it has
an option to “auto-detect” the drive, try that asliw

The boot sector might also be defective. Boot feofloppy disk and try accessing the hard
drive. If the hard drive is accessible, chancegtatthe boot files are missing or corrupt.

Try a utility, such as DrivePro’s Drive Boot Fixer DISKFIX with PC Tools. You might
also try running “FDISK /MBR,” which will rebuildrie drive’s master boot record.

Careful: the FDISK /MBR command might render thiesfion your drive inaccessible.
Finally, you might have a problem with your drivgseem hardware. If you cannot access
the hard drive, run a diagnostic such as Windsehiielogies’ PC Technician.

Test 624 Hard Drives

Drive troubleshooting has the potential of desimgyany data on the drive(s). Before
attempting to troubleshoot hard-disk problems, lre $o back up as much of the drive as
possible. If no backup is available, do not repiartior reformat the drive unless absolutely
necessary, and all other possible alternatives heesn exhausted. the drive and drive
controller. If the controller responds, but thevdridoes not, try repartitioning and
reformatting the hard drive. If the drive still dme&t respond, replace the hard drive
outright. If the controller doesn’t respond, re@dbe hard-drive controller.

Symptom 17-3. One or more sub-directories appetrolodamaged Both the root directory
of a drive and its FAT contain references to sukdories. If data in either the root
directory or file allocation table is corrupt, or@ more sub-directories might be
inaccessible by the drive. Try repairing the drévdirectory structure. Use DISKFIX (with

PC Tools) or SCANDISK (with DOS 6.2 or later) toeck the disk’s directory structure for
problems.

Symptom 17-4. Errors occur during drive reads atesrMagnetic information does not
last forever, and sector ID information can graualegrade to a point where you
encounter file errors. Start by checking for fiteusture problems on the drive.

Use a utility, such as DISKFIX or SCANDISK, to exaa the drive and search for bad
sectors. If a failed sector contains part of anEEX .COM file, that file is now corrupt and



should be restored from a backup. If you canndaiedile problems, you might need to
consider d.ow-Level (LL)format. This is an ideal solution because LL fotmatrewrites
sector ID information, but the sophistication oflay’s drives makes LL formatting almost
impossible. If the drive manufacturer provides aiviel preparation” utility, you should
backup the drive, run the utility, FDISK, FORMATh&restore the drive. Symptom 17-5.
The hard drive was formatted accidentally A higheleformat does not actually destroy
data, but rather it clears the file names and iooatkept in the root directory and FAT—
this prevents DOS from finding those files. Youlwiked to recover those files. Use a
utility, such as UNFORMAT (with PC Tools), which rcaeconstruct root directory and
FAT data contained in a MIRROR file. This is noval/s a perfect process and you might
not be able to recover all files.

Symptom 17-6. A file has been deleted accidentdibrtyping or forgetting to add a drive
specification can accidentally erase files fromcptayou did not intend to erase. You can
often recover those files if you act quickly. Useitdity, such as UNDELETE (with PC
Tools and DOS), to restore the deleted file. Thisat always a perfect process and you
might not be able to recover every file.

Symptom 17-7. The hard drive’s root directory isndged A faulty root directory can
cripple the entire disk, rendering all sub-diremsrinaccessible. You might be able to
recover the root directory structure. Use a utildych as DISKFIX (with PC Tools), to
reconstruct the damaged FATs and directories. li yave been running MIRROR,
DISKFIX should be able to perform a very reliabécavery. You might also try other
recovery
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In order for MIRROR data to be useful, do not sawew files before running

UNFORMAT. In order for UNDELETE to be useful, do NGsave new files before

running UNDELETE. utilities, such as DrivePro oraBbisk. However, if you cannot
recover the root directory reliably, you will neéal reformat the drive, then restore its
contents from a backup.

Symptom 17-8. Hard drive performance appears tsld&ing down over time In virtually
all cases, diminishing drive performance can beseduwy file fragmentation. To a far
lesser extent, you might be faced with a compuirsy Start the PC with a “clean” boot
disk and be sure that no TSRs or drivers are Hesxded. After a clean boot, run your anti-
virus checker and be sure that there are no menesiglent or file-based viruses. If the
system checks clean for computer viruses, you sholéck for file fragmentation next.
Start your defragmentation utility (such as COMPBBEf&th PC Tools or DEFRAG with
DOS) and check to see the percentage of file fragmten. If it has more than 10%
fragmentation, you should consider running the atgfientation utility after preparing
Windows. Before defragmenting a drive, reboot tlysteam normally, start Windows,
access thé&/irtual memorycontrols for your version of Windows, and shut dowrtual
memory. Then leave Windows and boot the systemaf¢leagain. Restart your
defragmentation utility and proceed to defragmhbatdisk. This process might take several
minutes, depending on the size of your drive. Giefeagmentation is complete, reboot the



system normally, start Windows, access Yhgual memorycontrols for your version of
Windows, and recreate a permanent swap file to@uprtual memory. You should now
notice a performance improvement.

Symptom 17-9. The hard drive accesses correctlytheudrive light stays on continuously
A continuous LED indication is not necessarily alpem as long as the drive seems to be
operating properly. Check the drive and drive cdlfér for drive “light jumpers’—
examine the drive itself for any jumper that mightectLatchedmode vsActivity mode. If

no such jumpers are on the drive, check the diawveroller or motherboard. Set the jumper
to Activity mode to see the drive light during access only.

Next, consider the possibility of drive-light erroressages. Some drive types (especially
SCSI drives) use the drive-activity light to sigmhlve and controller errors. Check the
drive and controller documents and see if any asrordicated by the light remaining on.

Symptom 17-10. The hard drive is not accessiblethadirive light stays on continuously
This usually indicates a reversed signal cablecid most common when upgrading or
replacing a drive system. In virtually all casese @nd of the signal cable is reversed. Be
sure that both ends of the cable are installedgrlpgremember that the red or blue stripe
on one side of the cable represents pin 1). If lerab persist, replace the drive controller.
It is rare for a fault in the drive controller tause this type of problem, but if trouble
persists, try a known-good drive controller board.

Symptom 17-11. A “No fixed disk present” error meggs appears on the monitor This kind
of problem can occur during installation, or at goomt in the PC’s working life. Check
the power connector first, and be sure the 4-piwgvaconnector is inserted properly and
completely. If the drive is being powered by a Yioector, be sure any interim
connections are secure. Use a voltmeter and me#seire5-V (pin 4) and +12-V (pin 1)
levels. If either voltage (especially the +12-V glyp is unusually low or absent, replace
the power supply. Next, check the signal connedBer.sure that the ’s signal cable is
connected securely at both the drive and contrdfi¢éhe cable is visibly worn or damaged,
try a new one.

If problems persist, check the CMOS setup—entelCEOS setup routine and see that all
of the parameters entered for the drive are caoridetds, cylinders, sectors per track,
landing zone, and write precompensation must attect—otherwise, POST will not
recognize the drive. You might also try “auto-déteg’ the drive. Also check for hardware
conflicts.

Be sure that no other expansion devices in theesysise the same IRQs or /O addresses
used by your drive controller. If so, change theorgces used by the conflicting device. If
your drive system uses a SCSI interface, be satethle SCSI cable is terminated properly.
If problems continue, try a known-good hard drivea known-good drive works as
expected, your original drive is probably defectifgproblems persist with a known-good
hard drive, replace the drive-controller board.



Symptom 17-12. The drive spins up, but the systaifs fo recognize it Your computer
might flag this as a “Hard-disk error” or “Hard-Hisontroller failure” during system
initialization. Start by checking the signal contoecBe sure that the interface signal cable
is inserted properly and completely at the drive aontroller. Try a new signal cable.
Next, check any drive jumpers, and see that a pyinG@aster) drive is configured as
primary, and a secondary (slave) drive is configuae secondary. For SCSI drives, see that
each drive has a unique ID setting and check H&a8SCSI bus is terminated properly.

Enter the CMOS setup routine and see that all efpdrameters entered for the drive are
correct. Heads, cylinders, sectors per track, lajndone, and write precompensation must
all correct—otherwise, POST will not recognize ttheve. Try using the “auto-detect”
feature if it is available. If the CMOS is configar properly, you should suspect a problem
with the partition. Boot from a floppy disk and r&ISK to check the partitions on your
hard drive.

Be sure that there is at least one DOS partitibthd drive is to be your boot drive, the
primary partition must be active and bootable. Ripen and reformat the drive, if
necessary

If problems persist, try a known-good hard drivea known-good drive works as expected,
your original drive is probably defective. If a kmo-good hard drive fails to work as
expected, replace the drive controller. If problgmessist with a known-good floppy drive,
replace the drive-controller board.

Symptom 17-13. The IDE drive spins up when powepplied, then rapidly spins down

gain The drive is defective, or it is not commuitiieg properly with its host system. Check
the power connector first. Be sure that the 4-mwer connector is inserted properly and
completely into the drive. Always check the sigmannector next, and see that the
interface signal cable is inserted properly and gletely at the drive and controller. Try a
new signal cable.

Inspect the drive jumpers—the primary (master) @lrshould be configured as primary,
and a secondary (slave) drive should be configasesecondary. For SCSI drives, see that
each drive has a unique ID setting, and checktli@aSCSI bus is terminated properly. If
problems persist, try a known-good hard drive. knewn-good drive works as expected,
your original drive is probably defective.

Symptom 17-14. A “Sector not found” error messagggears on the monitor This problem
usually occurs after the drive has been in opardtio quite some time, and is typically the
result of a media failure. Fortunately, a bad sewiitl only affect one file. Try recovering
the file. Use a utility, such as SpinRite (from &b Research) or another data-recovery
utility, and attempt to recover the damaged filetibe that you might be unsuccessful, and
have to restore the file from a backup later. Chibekmedia itself. Use a disk utility, such
as ScanDisk, to evaluate the drive, then locatenaayl out any bad sectors that are located
on the drive.

If problems persist, perform a low-level format gibssible). Lost sectors often occur as
drives age and sector ID information degrades. dvimfatting restores the sector IDs, but



LL formatting is performed at the factory for IDHIEE and SCSI drives. If an LL

formatting utility is available for your particuladrive (available right from the drive

manufacturer), and ScanDisk reveals a large numabéad sectors, you might consider
backing up the drive completely, running the LUitytj repartitioning, reformatting, then

restoring the drive.

Finally, if ScanDisk maps out bad sectors, you migked to restore those files from a
backup.

Symptom 17-15. A “1780 or 1781 ERROR” appears @nntfonitor The classic 1780 error
code indicates a “Hard disk O failure,” and the 1L'8ror code marks a “Hard disk 1
failure.” Start the PC with a “clean” boot disk ane sure that no TSRs or drivers are being
loaded. If you haven't done so already, run your-@nus checker and be sure that there
are no memory-resident or file-based viruses. Niéxtpu can access the hard drive once
your system is booted, chances are that the Hestdre missing or corrupt.

Try a utility, such as DrivePro’s Drive Boot Fixer DISKFIX with PC Tools. Otherwise,

you will need to repartition and reformat the ditken restore disk files from a backup.
Check the hardware next—if you cannot access the thave, run a diagnostic such as
Windsor Technologies’ PC Technician. Test the damd drive controller. If the controller

responds but the drive does not, try repartitiorang reformatting the hard drive. If the
drive still doesn’t respond, replace the hard daugright. If the controller doesn’t respond,
replace the hard-drive controller.

Symptom 17-16. A “1790 or 1791 ERROR” appears enntfonitor The classic 1790 error
code indicates a “Hard Disk O Error,” although t#91 error code marks a “Hard Disk 1
Error.” Check the signal connector first. Be surattthe interface signal cable is inserted
properly and completely at the drive and controllery a new signal cable. There might
also be a problem with the drive’s partition. Bdatm a floppy disk and run FDISK to
check the partitions on your hard drive. Be sugd there is at least one DOS partition. If
the drive is to be your boot drive, the primary tipen must be active and bootable.
Repartition and reformat the drive, if necessary.

If problems persist, replace the hard drive. lin@wn-good drive works as expected, your
original drive is probably defective. If problemerpist with a known-good floppy drive,
replace the drive-controller board.

Symptom 17-17. A “1701 ERROR” appears on the moritee 1701 error code indicates a
hard-drive POST error—the drive did not pass itsSPQ@est. Check the power connector
first, and be sure that the 4-pin power connecanserted properly and completely. If the
drive is being powered by a Y connector, be sua¢ @imy interim connections are secure.
Use a voltmeter and measure the +5-V (pin 4) arid\+{pin 1) levels.

If either voltage (especially the +12-V supply) ususually low or absent, replace the
power supply. Enter the CMOS setup routine andtisateall of the parameters entered for
the drive are correct. Heads, cylinders, sectors tpgck, landing zone, and write



precompensation must all correct; otherwise, PO#That recognize the drive. Try “auto-
detecting” the drive. If problems persist, perforan low-level format (if possible).
ST506/412 and ESDI drives might require LL fornragtibut LL formatting is performed
at the factory for IDE/EIDE and SCSI drives. If Bh-formatting utility is available for
your particular drive (available right from the \¥i manufacturer), you might consider
backing up the drive completely, running the LUitytj repartitioning, reformatting, then
restoring the drive.

Symptom 17-18. The system reports random data, sgeflormat errors Random errors
rarely indicate a permanent problem, but identythe problem source can be a time-
consuming task. Check the power connector firstside that the 4-pin power connector is
inserted properly and completely. If the drive &ng powered by a “Y-connector,” be sure
that any interim connections are secure. Use anabédr and measure the +5-V (pin 4) and
+12-V (pin 1) levels. If either voltage (especiatlye +12-V supply) is unusually low,
replace the power supply.

Check the signal connector next. Be sure thatrttexface signal cable is inserted properly
and completely at the drive and controller. Tryeavrsignal cable. Also try re-routing the
signal cable away from the power-supply or “noig¥Xpansion devices. Check the drive
orientation. If problems occur after remounting thieve in a different orientation, you
might need to repartition and reformat the drivesedurn it to its original orientation.

Try relocating the drive-controller away from cabland “noisy” expansion devices. If
your system has a “turbo” mode, your ISA drive coler might have trouble operating
while the system is in turbo mode. Take the systernof turbo mode. If the problem
disappears, try a new drive controller. The medighinalso be defective. Use a utility,
such as ScanDisk, to check for and map out anysbeebrs. Once bad sectors are mapped
out, you might need to restore some files from ywackup.

Try the hard drive and controller in another systdirthe drive and controller work in
another system, excessive noise or grounding prabée probably in the original system.

Reinstall the drive and controller in the origirgistem and remove all extra expansion
boards. If the problem goes away, replace one baaedtime and retest the system until
the problem returns. The last board you insertednathe problem returned is probably the
culprit. If the problem persists, there might bgraund problem on the motherboard. Try
replacing the motherboard as an absolute lastteffor

Symptom 17-19. A “Bad or Missing Command Interpreggror message appears This is a
typical error that appears when a drive is fornthatteone DOS version, but loaded with
another. Compatibility problems occur when you MRS versions.

Start by booting the PC with a “clean” boot diskdde sure no TSRs or drivers are being
loaded. If you haven’'t done so already, run your-anus checker and be sure that there
are no memory-resident or file-based viruses. Kinak sure that the drive is partitioned



and formatted with the version of DOS that you madteto use. Also be sure to use
FORMAT with the /S switch, or SYS C: to transfestgm files to the drive.

Symptom 17-20. An “Error reading drive C:” error $sage appears Read errors in a hard
drive typically indicate problems with the disk negdbut might also indicate viruses or
signaling problems. Check the signal connectot.fBe sure that the interface signal cable
is inserted properly and completely at the drive aontroller. Try a new signal cable.
Next, start the PC with a “clean” boot disk andsoee that no TSRs or drivers are being
loaded. If you haven't done so already, run your-@nus checker and be sure that there
are no memory-resident or file-based viruses.

Consider the drive’s orientation. If problems ocatter remounting the drive in a different
orientation, you might need to repartition and refat the drive, or return it to its original
orientation. Also check the media—use a utilitygtsias ScanDisk, to check for and map
out any bad sectors. Once bad sectors are mappegbaunight need to restore some files
from your backup. Try a known-good hard drive. Kreown-good drive works as expected,
your original drive is probably defective.

Symptom 17-21. A “Track O not found” error messagpears A fault on track 00 can
disable the entire drive because track 00 conthi@girive’sFile Allocation Table (FAT)
This can be a serious error, which might require twreplace the drive. Before going too
far with this type of problem, check the signal wector and see that the interface signal
cable is inserted properly and completely at theedand controller. Try a new signal
cable.

Boot from a floppy disk and run FDISK to check thetitions on your hard drive. Be sure
that there is at least one DOS partition. If thivediis to be your boot drive, the primary
partition must be active and bootable. Repartitiad reformat the drive, if necessary. Try
a known-good hard drive. If a known-good drive wods expected, your original drive is
probably defective.

Symptom 17-22. Software diagnostics indicate amages access time that is longer than
specified for the drive The average access tinteedsaverage amount of time needed for a
drive to reach the track and sector, where a nefigdakgins.

Before you do anything else, check the drive spatibns and verify the timing
specifications for your particular drive. Start yodefragmentation utility (such as
COMPRESS with PC Tools or DEFRAG with DOS) and éhtecsee the percentage of file
fragmentation.

If there is more than 10% fragmentation, you shaadsider running the defragmentation
utility after preparing Windows (see Symptom 8).

Also remember that different software packages nreaaccess time differently. Be sure
that the diagnostic subtracts system overhead gsougfrom the access-time calculation.

Try one or two other diagnostics to confirm the swgament. Before you panic and replace
a drive, try testing several similar drives for gmarison. If only the suspect drive measures



incorrectly, you might not need to replace the @ritself just yet, but you should at least
maintain frequent backups in case the drive is faslare.

Symptom 17-23. Software diagnostics indicate a stodata transfer rate than specified
This is often because of “less-than-ideal” datadfer rates, rather than an actual hardware
failure. Enter the CMOS setup routine and verifgtthny enhanced data-transfer modes are
enabled (such as PIO Mode 3). This can increase tansfer rate substantially. Also
check the drive specifications, and verify the tigngpecifications for your particular drive.

Check for fragmentation next. Start your defragragon utility (such as COMPRESS with
PC Tools or DEFRAG with DOS), and check to seepiireentage of file fragmentation.

Broadly speaking a hard disk can fail in four wéyat will lead to a potential loss of data:

Firmware Corruption / Damage to the firmware zone
Electronic Failure

Mechanical Failure

Logical Failure

PwONPE

Combinations of these four types of failure ar® gdessible. Whether the data on the hard
disk is recoverable or not depends on exactly wlaathappened to the disk and how bad
the damage isAll hard disks also developad sectorswhich can lead to data loss and

drive inaccessibility.

1. Firmware Corruption / Damage to the firmware zore

Hard disk firmware is the information that is udegl the computer that allows it to
correctly interact with the hard disk. If the firrave of a hard disk becomes corrupted or
unreadable the computer is often unable to copreictieract with the hard disk.
Frequently the data on the disk is fully recovezadmhce the drive has been repaired and
reprogrammed.

2. Electronic Failure

Electronic failure usually relates to problems be tontroller board of the actual hard
disk. The computer may suffer a power spike ortatad surge that knocks out the
controller board on the hard disk making it unditkle to the BIOS. Usually, the data on
the hard disk has not suffered any damage and% ta@a recovery is possible.

3. Mechanical Failure

Usually worse than electronic failure, mechaniedlfe can quite often (especially if not
acted on early) lead to a partial and sometimea toss of data. Mechanical failure
comes in a variety of guises such as read / watelHailure and motor problems. One of
the most common mechanical failures is a head chgatying in severity, a head crash



occurs when the read-write heads of the hard dskecinto contact, momentarily or
continuously, with the platters of the hard disk.

Head crashes can be caused by a range of reastuding physical shock, movement of
the computer, static electricity, power surges imedhanical read-write head failure.

Mechanical failure can usually be spotted by a lagdlicking or crunching noise. It's
not necessarily a head crash, the most importamysho do if you suspect mechanical
problems is to switch off the drive immediatelyfagher use will make matters worse.

4. Logical Errors

Often the easiest and the most difficult problemsi¢al with, logical errors can range
from simple things such as an invalid entry in la fllocation table to truly horrific
problems such as the corruption and loss of tle diistem on a severely fragmented
drive.

Logical errors are different to the electrical andchanical problems above as there is
usually nothing 'physically’ wrong with the disksf the information on it.

RemedialProcedure
Some of the steps involved in the remedy of thedHizive failure are given below:

1) The first thing to check for is whether or not tierd disk can be seen by the hard
disk controller; usually on a true hard disk fagdluthe disk will not be detectable by
the controller (but this is not always the case3su#ming you have an IDE hard
disk, enter the BIOS setup program and use thed&Ection facility of the BIOS
to see if the disk's parameters can be detectdte Iflisk cannot be auto detected
using the auto detect feature in the BIOS progmraplies immediately some sort of
hardware problem.

2) If you can see the hard disk when you auto detieetproblem is more likely to be
software than hardware. Remember that you cannuatllyoot a brand new hard
disk until it has been partitioned and formatted.

3) See if the disk will boot up. If it will not boathen boot from a floppy boot disk and
then use the FDISK command (or other partitioniofjvgare) to see if you can see
the disk.

4) If the drive will boot up, then you should be gedtia more specific error message
of some sort, or a more specific failure mode ttoat can use for troubleshooting.

5) If the drive is detected in the BIOS setup but cdrive booted or accessed when
booting from a floppy disk, then there is a goodrate that the disk itself may be
bad. If possible, try connecting the hard disk tmther system and see if the
problem is present there as well.



6) If the hard disk is dead and needs to be replaaéalf the procedure given below:

a) Remove the screws that hold the drive in the bay.

b) Remove the defective hard disk
c) Remove the IDE cable



d) Select a good hard disk, connect the IDE cablerepldce the hard disk.

Scandisk

This is a maintenance procedure built into the \Wwsl operating system that checks the
hard drive to determine if there is physical damagdamage to the file system.

If the computer reports that it has corrupted, dgedaor missing files and the programs no
longer operate properly, then this is the firspsi@ try and fix the problem. Also, if the
computer seems to be running slower than usualesors this procedure will provide a
fix. It is a good idea to perform this operatioteof.

Scandisk Procedure



1. Temporarily deactivate any screen saver. ClickSGART then SETTINGS then
CONTROL PANEL then DISPLAY then SCREEN SAVER. Se¢ {Screen Saver

to NONE and click OK.

2. Click on START then PROGRAMS then ACCESSORIE&NtBYSTEM TOOLS
then SCANDISK.

NOTE - Depending on what version of Windows you ranening the above labels may be
slightly different, but not so different that youllnot be able to find it.

The following window will open on your screen.

& ScanDisk - (C:)

3. Be sure to select "C:" from the drop down box i not already chosen. Then click
on the radio button fotandard underType of test Next check the box (click on
it) labelledAutomatically fix errors .

TheThorough test option should not be selected unless youestisipe physical hard drive
has been damaged. | suggest always runningtaedard scandisk option first. Then If
you still have problems rerun it with thehorough option selected. Also, if you do not
selectAutomatically fix errors the computer will stop and wait for you to answweme

rather confusing questions.



4. Click on the button labelleéidvanced...to launch the following sub-window.

ScanDisk Advanced Opti...EdE3

5. Be sure to click on all of the radio buttons aheéck boxes EXACTLY as shown.
Then  press th©®K button. This will return you to the former screghere you
can presSTART.

The Scandisk process usually does not take longsarthere are serious problems with the
hard drive. Do not be concerned if the procedustarts itself.

6. When the entire procedure is completed, youreactivate the screen saver and
then start working with applications. It is not eesary to restart the computer.

Reformatting a Hard disk
This procedure explains how to setupeav hard disk

Warning - if you are setting up a hard disk which contadasa, the following procedure
would completely erase your hard disk and the datald be unrecoverable.

Before a new hard disk can be used it needs tcetup.sThis involves partitioning and
formatting the hard disk. Windows 98 or ME bootkdtontains the required software to
perform this procedure. FDISK.EXE and FORMAT.COM dhe files required in your
bootable floppy disk.

1. Start the partition and format procedure by bootingr PC using a Windows boot
disk.



2. Make sure you set the BIOS so that the boot sequienset to detect the floppy
disk first. If your system has no problems bootyay will be presented with a
Windows boot disk menu. This gives you the optionstart the system with or
without CD-

3. ROM support. Choose the option to boot without CONR support. You should
end up in the MS DOS prompt A: (A drive).

4. From A: command prompt typédisk. You will be presented with following
message:

Your conpuier has a disk larger than 512 MB. This version of Windows
includes inproved support for lavge disks, resulting in more efficient
use of disk space on large drives, and allowing disks over 2 GE to be

formatied as a single drive.

IMP ORTANT: If you enahle lavge disk support and create any new drives on this
dislk, vou will not he able to access the new drive(s) using other operating
systems, including some versions of Windows 95 and Windows T, as well as
earlier versions of Windows and AI5-DOS. In addition, disk utilities that

were not designed explicitly for the FAT32 file system will not he ahle

to work with this disk. If vou need to access this disk with other operating
systems or older disk utilities, do not enable large drive support.

Do you wish to enable large disk suppoxt (Y/T)

4. Choose "Y" to enable large disk support.Yoll mow be presented with the FDISK
main menu as shown below.

Rlicroe=sofi Windows 98
Fixed Dislkk Seitup Program
(Cy Copyright Microsoft Cozxp. 1983 - 19008
FDISEK OpHons
Current Fixed dislk dyiwve: 1

Choo=se one of the following :

1. Create DOS partiton o Logical DS Dixrive

Set actre partbtion

Delete partdton or Logical DS Dixive
Dizplay partition informmation

Change current fixed dislk dxive

Entex choice: [1 ]

Fress Esc o exdt FDILISED

5. From the menu, choose option 1 - Create DOS partitir Logical DOS drive.
Another menu will present the following options.



Create DOS Partition or Logical DOS Drive
Current fixed disk drive: 1
Choosze one of the following :

1. Create Primary DOS Partition

2. Create Extended DOS Partition

3. Create Logical DOS Drive(s) in the Extended DOS Partition

Enter choice: [1]

6. Choose option 1 - Create primary DOS Partition. $DMWerifies the integrity of
your drive and will ask you if want to use the nmanm available size of your hard
disk to create the primary partition and set iivectTo keep things simple we will
create one large partition.

7. Choose "Y" to use maximum available space. Wherp#rétion has been created
successfully you will be notified by the system.uYdrive is now known as C: (C
drive). Press "Esc" to return to the menu. Press™BRgain to exit FDISK. You
need to restart your system for the changes to affieet. Leave boot disk in the
drive.

8. When the system reboots, choose start without CDAROm the boot disk menu.
While booting from floppy disk you might get erroressage like "Invalid media
type reading drive C" this is OK for this stagefas hard disk is not formatted.

9. From A: command prompt tydermat c:

10.You will get a message saying "WARNING, ALL DATA ONNON-
REMOVABLE DISK DRIVE C: WILL BE LOST. Proceed witRormat (Y/N)?".

11.Since you do not have any data in the new hard dikkose "Y". The format will
proceed showing a progress indicator. The timeakes$ to format a hard disk
depends on the size and speed of the drive. Thikldme around 5-30 minutes.
Restart system after format is complete.

12.Install an operating system.
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This Week Learning Outcome

To Understand:

» The Cause of Floppy Drive Failure

Introduction (FLOPPY)

The ability to interchange programs and data betwegious compatible computers is a
fundamental requirement of almost every computestesy. This kind of file-exchange
compatibility helped rocket IBM PC/XTs into everydase and spur the personal computer
industry into the early 1980s. A standardized ofpegesystem, file structure, and recording
media also breathed life into the fledgling softevardustry. With the floppy disk, software
developers could finally distribute programs andadi a mass-market of compatible
computer users. The mechanism that allowed thisitqua leap in compatibility is the
floppy-disk drivgFig. 16-1).

A floppy-disk drive (FDD) is one of the least expa@ and most reliable forms of
massstorage ever used in computer systems. Virtedlry one of the millions of personal
computers sold each year incorporates at leastlomgy drive. Most notebook and laptop
computers also offer a single floppy drive. Notyoate FDDs useful for transferring files
and data between various systems, but the advaatagenovable media—thioppy disk
itsel—make floppy drives an almost intuitive bapksystem for data files. Although
floppy drives have evolved through a number ofaiiens: from 8" to 5.25" to 3.5", their
basic components and operating principles havegdgthwery little.

Magnetic-Storage Concepts

Magnetic-storage media has been attractive to ctenplesigns for many years—Ilong
before the personal computer had established itsblbmes and offices. This popularity is
primarily because magnetic media is non-volatilaliké system RAM, no electrical
energy is needed to maintain the information ohcestored on magnetic media. Although
electrical energy is used to read and write magrugta, magnetic fields do not change on
their own, so data remains intact until “other &8t act upon it (such as another floppy
drive). It is this smooth, straightforward tranglatfrom electricity to magnetism and back
again that has made magnetic storage such a naho#le. To understand how a floppy
drive works and why it fails, you should have andenstanding of magnetic storage.

This part of the chapter shows you the basic seocagcepts used for floppy drives.

Media

For the purposes of this boakediais the physical material that actually holds reeaord
information. In a floppy disk, the media is a snmaljlar disk coated on both sides with a
precisely formulated magnetic material, often nefdrto as theoxide layer Every disk
manufacturer uses their own particular formula fagnetic coatings, but most coatings



are based on a naturally magnetic element (sugloasnickel, or cobalt) that has been
alloyed with non-magnetic materials or rare earilnis magnetic material is then
compounded with plastic, bonding chemicals, andi¢at to form the actual disk media.

The fascinating aspect of these magnetic layetfsatseach and every particle media acts as
a microscopic magnet. Each magnetic particle caaligeed in one orientation or another
under the influence of an external magnetic fidlid.you have ever magnetized a
screwdriver’s steel shaft by running a permanergmatialong its length, you have already
seen this magnetizing process in action. For apffogisk, microscopic points along the
disk’s surfaces are magnetized in one alignmeanother by the precise forces applieg
read/write (R/W) heads. The shifting of alignmentapities would indicate a logic 1, but
no change in polarity would indicate a logic O (yeill see more about data recording and
organization later in this chapter).

In analog recording (such as audio tapes), the gtagfield generated by read/write heads
varies in direct proportion to the signal beingareled. Such linear variations in field
strength cause varying amounts of magnetic pasticalign as the media moves.

On the other hand, digital recordings, such aspfodisks, save binary 1s and Os by
applying an overwhelming amount of field strengéfery strong magnetic fields saturate
the media—that is, so much field strength is applieat any further increase in field
strength will not cause a better alignment of mégr@articles at that point on the media.
The advantage to operating in saturation is thaaris Os are remarkably resistant to the
degrading effects of noise that can sometimes appeealog magnetic recordings.
Although the orientation of magnetic particles odisk’'s media can be reversed by using
an external magnetic field, particles tend to tetbis reversal of polarityCoercivityis the
strength with which magnetic particles resist clearigore highly coercive material has a
greater resistance to change, so a stronger ekfezltawill be needed to cause changes.
High coercivity is generally considered to be daslie (up to a point) because signals stand
out much better against background noise and signdl resist natural degradation
because of age, temperature, and random magndtierines. As you might expect, a
highly coercive media requires a more powerfuldfiel record new information.

Another advantage of increased coercivity is gregi®rmation density for media. The
greater strength of each media particle allows nbitto be packed into less area. The
move from 5.25" to 3.5" floppy disks was possitdegkly because of a superior (more
coercive) magnetic layer. This coercivity princigliso holds true for hard drives. To pack
more information onto ever-smaller platters, thedmenust be more coercive. Coercivity
IS @ common magnetic measurement with unitearsteds(pronounced “or-steds”). The
coercivity of a typical floppy disk can range anyesbd from 300 to 750 oersteds. By
comparison, hard-drive and magneto-optical (MO) imedsually offer coercivities up to
6000 oersteds or higher.

The main premise of magnetic storage is that stadic (once recorded, information is
retained without any electrical energy). Such stonéormation is presumed to last forever,
but in actuality, magnetic information begins t@ele as soon as it is recorded. A good



magnetic media will reliably remember (or retain@ talignment of its particles over a long
period of time. The ability of a media to retails inagnetic information is known as
retentivity Even the finest, best-formulated floppy disksrdelgs eventually (although it
could take many years before an actual data erabennalizes).

Ultimately, the ideal answer to media degradat®toirefresh (or write over) the data and
sector ID information. Data is re-written norma#lgch time a file is saved, but sector IDs
are only written once when the disk is formattéc $ector ID should fail, you will see the
dreaded “Sector Not Found” disk error and any ddtaed in the sector can not be
accessed.

This failure mode also occurs in hard drives. eitthn be done to ensure the integrity of
floppy disks, aside from maintaining one or morekogps on freshly formatted disks.

However, some commercial software is availableréstoring disk data (especially hard
drives).

Troubleshooting Floppy Disk Systems

This section of the chapter is concerned with dgrxablems that cannot be corrected with
cleaning or mechanical adjustments. To perform sofmhe following tests, you should

have a known-good diskette that has been propenygdtted. The disk might contain files,

but be certain that any such files are backed opgsty on a hard drive or another floppy
disk—if you can’t afford to lose the files on aklislon’'t use the disk.

Repair vs. Replace

As with so many other PC assemblies, the pricdéopbly drives has dropped tremendously
over the last few years. Now that the price ofamdard 8.89-cm drive is roughly that of
two hours of labor, most technicians ask whethas ibetter to simply replace a floppy
drive outright, rather than attempt a repair. Udttely, the decision should depend on
volume. Clearly, it makes little sense for a anytmenvest valuable time in repairing a
single drive. If a large number of drives are to repaired, however, an enterprising
technician who chooses to deal in floppy-drive mencan effectively provide rebuilt or

refurbished drives to their customers.

Preliminary Testing

Proper testing is essential for any type of drimeair. Most drive-alignment packages,such
as DriveProbe by Accurite Technologies or Alignjt bandmark Research, measure and
display a drive’s para meters (Fig. 16-10). Whaply drive trouble occurs, running a

diagnostic can help determine whether the drive haeics or electronics are at fault.

Although you can swap a drive symptomatically, thmh testing is an inexpensive means

to verify your suspicions before spending moneseflace sub-assemblies.

Symptom 16-1. The floppy drive is completely deHoe disk does not even initialize when
inserted. Begin troubleshooting by inspecting thekette itself. When a 3.5” disk is
inserted into a drive, a mechanism should pulldlsk’s metal shroud away and briefly



rotate the spindle motor to ensure positive engageénBe sure that the disk is properly
inserted into the floppy-drive assembly. If thekéite does not enter and seat just right
within the drive, disk access will be impossibley Beveral different diskettes to ensure
that the test diskette is not defective. It migbt iecessary to partially disassemble the
computer to access the drive and allow you to lseeverall assembly. Free or adjust any
jammed assemblies or linkages to correct disk ffmserlf you cannot get diskettes to insert
properly, change the floppy drive. 580 Floppy Dsi\for cleaning and testing your floppy
drive, check out AUTOTEST.ZIP, CHKDRV.ZIP, CLEAN4RZ and DFR.ZIP on the
companion CDSymptom 16-2. The floppy drive rotagedisk, but will not seek to the
desired track This type of symptom generally sutggtsat the head-positioning stepping
motor is inhibited or defective, but all other flppdrive functions are working properly.
Begin by disassembling your computer and remouiedltoppy drive. Carefully
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Figure 16-10 a Driveprobe Screen Display for Automtac Drive.

Accurite Technologies, Inc. inspect the head-positig assembly to be certain that no
broken parts or obstructions could jam the readéwmeads. You might wish to examine
the mechanical system with a disk inserted to béaicethat the trouble is not a disk-
alignment problem, which might be interfering whikad movement. Gently remove any
obstructions that you might find. Be careful notacidentally misalign any linkages or
mechanical components in the process of clearingpatruction.

Remove any diskette from the drive and re-conrtexttive’s signal and power cables.
Apply power to the computer and measure drive gekawith your multimeter. Ground
your multimeter on pin 2 of the power connector amehsure +12 Vdc at pin 1. Move the
meter ground to pin 3 and measure +5 Vdc on pili dither voltage is low or absent,
troubleshoot your computer power supply.

Once confident that the drive’s mechanics are tnémc appropriate power is available,
you must determine whether the trouble is in ydopgdy drive PC board or floppy-drive
controller IC on the motherboard. Use your logiok@ to measure the STEP signal in the
physical interface (pin 20). When drive accesauested, you should find a pulse signal
as the floppy controller attempts to position th&/Rheads. If STEP pulses are missing, the
floppy-drive controller board is probably defectaed should be replaced.

If STEP pulses are present at the interface, ctieckhulses into the coil driver circuit.

An absence of pulses into the coil driver circudicates a faulty control-circuit IC. If
pulses reach the coil driver, measure pulses tastiggping motor. If no pulses leave the
coil driver, replace the coil driver IC. When pudsse correct to the stepping motor but no
motion is taking place, replace the defective stegpmotor. If you do not have the tools or
inclination to replace surface-mount ICs, you ogplace the drive PC board. You can also
replace the entire drive outright

Symptom 16-3. The floppy drive heads seek propény the spindle does not tufinis symptom
suggests that the spindle motor is inhibited oediefe,

but all other functions are working properly. Remoall power from the computer.
Disassemble the system enough to remove the fldppg. Carefully inspect the spindle



motor, drive belt (if used), and spindle assemlidg. certain that no broken parts or
obstructions could jam the spindle. If a belt isween the motor and spindle, be sure that
the belt is reasonably tight—it should not slip.uyshould also examine the floppy drive
with a diskette inserted to be certain that th&'dissertion or alignment is not causing the
problem. You can double-check your observationsguseveral different diskettes. Gently
remove any obstruction(s) that you might find. Beeful not to cause any accidental
damage in the process of clearing an obstructiann@ add any lubricating agents to the
assembly, but gently vacuum or wipe away any siggmift accumulations of dust or dirt.
Remove any diskette from the drive and re-conneetfloppy drive’s signal and power
cables. Restore power to the computer and measueewbltages with your multimeter.
Ground your multimeter on pin 2 and measure +12 dd@in 1. Move the meter ground
to pin 3 and measure +5 Vdc on pin 4. If eithetagé is low or absent, troubleshoot your
computer power supply.

Once you are confident that the floppy drive is hatcally sound and appropriate power
is available, you must determine whether the treublin the floppy drive PC board or the
floppy drive controller board. Use your logic prolmemeasure th&lotor onsignal in the
physical interface (pin 16). When drive acces®ested, thBotor onsignal

582 Floppy Driveshould become true (in most cases an active IdwhelMotor onsignal is
missing, the floppy drive-controller board is prbhadefective and should be replaced.

If the Motor onsignal is present at the interface, check the sidyiang the servo circuit.

A missing Motor onsignal at the servo circuit suggests a faulty adsdircuit IC. If the
signal reaches the servo circuit, the servo ICrabably defective. You can replace the
servo IC, but your best course is usually to replhe spindle motor/PC board assembly as
a unit. If you are unable to replace the spindléan®C board, you can replace the floppy
drive outright.

Symptom 16-4. The floppy drive will not read fromite to the diskettéAll other operations
appear normal. This type of problem can manifeselfitin several ways, but your
computer’s operating system will usually inform yaen a disk read or write error has
occurred. Begin by trying a known-good, properlyniatted diskette in the drive. A faulty
diskette can generate some very perplexing reag/\wroblems. If a known-good diskette
does not resolve the problem, try cleaning the/vegiet heads, as described in the previous
section. Do not run the drive with a head-cleardiss inserted for more than 30 seconds at
a time, or you risk damaging the heads with exgesiiction. When a fresh diskette and
clean R/W heads do not correct the problem, you ehetermine whether the trouble exists
in the floppy-drive assembly or the floppy-conteolIC.

If you cannot read data from the floppy drive, yser logic probe to measure tikead
data signal (pin 30). When the disk is idle, tRead datdine should read as a constant
logic 1 or logic 0. During a read cycle, you shouléasure a pulse signal as data moves
from the drive to the floppy-controller board. b ppulse signal appears on tRead data
line during a read cycle, use your oscilloscopeneasure analog signals from the R/W
heads. If there are no signals from the R/W heaglsdace the head or head carriage
assembly. When signals are available from the R&¥8dR, the control-circuit IC is
probably defective and should be replaced. If yoa unable to replace the IC, you can



replace the drive’s control PC board. You can akgmace the entire drive outright. If a
pulse signal does exist during a read cycle, tbhppl§-disk controller board is probably
defective and should be replaced. When you cannte data to the floppy drive, use your
logic probe to measure thWgrite gateand Write datalines (pins 24 and 22, respectively).
During a write cycle, th&Vrite gateshould be logic 0 and you should read a pulse kaga
data flows from the floppy controller IC to the i If theWrite gateremains logic 1 or no
pulse is on th&Vrite dataline, replace the defective floppy controller baanhen the two
Write signals appear as expected, check the analog digrthle R/W heads with your
oscilloscope. Ifyou do not find analog write sigg)akplace the defective control-circuit IC.
If analog signals are present to the heads, tiacem the heads or the entire head carriage
assembly.

You can also replace the entire drive outright.

Symptom 16-5. The drive is able to write to a wtetected dislBBefore concluding that there
is a drive problem, remove and examine the disifit® ensure that it is actually write
rotected. If the disk is not write protected, wnietect it appropriately and try the disk
again. If the disk is already protected, use yowdtimeter to check the drive’s write-
protect sensor. For an unprotected disk, the semgput should be a logic 1; a protected
disk should generate a logic 0 (some drives migiense this convention).
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Introduction (FLOPPY)

The ability to interchange programs and data betwegious compatible computers is a
fundamental requirement of almost every computetesy. This kind of file-exchange
compatibility helped rocket IBM PC/XTs into everydase and spur the personal computer
industry into the early 1980s. A standardized ofregasystem, file structure, and recording
media also breathed life into the fledgling softevardustry. With the floppy disk, software
developers could finally distribute programs andadip a mass-market of compatible
computer users. The mechanism that allowed thisitqua leap in compatibility is the
floppy-disk drivgFig. 16-1).

A floppy-disk drive (FDD) is one of the least expe@ and most reliable forms of
massstorage ever used in computer systems. Virtedlry one of the millions of personal
computers sold each year incorporates at leastlopey drive. Most notebook and laptop
computers also offer a single floppy drive. Notyoate FDDs useful for transferring files
and data between various systems, but the advaafagenovable media—thigoppy disk
itsel—make floppy drives an almost intuitive bapksystem for data files. Although
floppy drives have evolved through a number ofatiens: from 8" to 5.25" to 3.5", their
basic components and operating principles haveggthuery little.

Magnetic-Storage Concepts

Magnetic-storage media has been attractive to ctenplesigns for many years—Ilong
before the personal computer had established its@lbmes and offices. This popularity is
primarily because magnetic media is non-volatileliké system RAM, no electrical
energy is needed to maintain the information oh¢estored on magnetic media. Although
electrical energy is used to read and write magrdgta, magnetic fields do not change on
their own, so data remains intact until “other &gt act upon it (such as another floppy
drive). It is this smooth, straightforward tranglatfrom electricity to magnetism and back
again that has made magnetic storage such a naho#le. To understand how a floppy
drive works and why it fails, you should have amderstanding of magnetic storage.

This part of the chapter shows you the basic seocagcepts used for floppy drives.

Media

For the purposes of this boakiediais the physical material that actually holds reeord
information. In a floppy disk, the media is a snmaljlar disk coated on both sides with a
precisely formulated magnetic material, often nefdrto as theoxide layer Every disk
manufacturer uses their own particular formula faagnetic coatings, but most coatings
are based on a naturally magnetic element (sudtoasnickel, or cobalt) that has been



alloyed with non-magnetic materials or rare earilinis magnetic material is then
compounded with plastic, bonding chemicals, andid¢aint to form the actual disk media.

The fascinating aspect of these magnetic layeisatseach and every particle media acts as
a microscopic magnet. Each magnetic particle caaligaed in one orientation or another
under the influence of an external magnetic fidid.you have ever magnetized a
screwdriver’s steel shaft by running a permanergmatalong its length, you have already
seen this magnetizing process in action. For apffogisk, microscopic points along the
disk’s surfaces are magnetized in one alignmeanother by the precise forces applieg
read/write (R/W) heads. The shifting of alignmentapities would indicate a logic 1, but
no change in polarity would indicate a logic O (ywilli see more about data recording and
organization later in this chapter).

In analog recording (such as audio tapes), the stagfield generated by read/write heads
varies in direct proportion to the signal beingamed. Such linear variations in field
strength cause varying amounts of magnetic pasticlelign as the media moves.

On the other hand, digital recordings, such aspfjodisks, save binary 1s and 0s by
applying an overwhelming amount of field strengitery strong magnetic fields saturate
the media—that is, so much field strength is applieat any further increase in field
strength will not cause a better alignment of mégrgarticles at that point on the media.
The advantage to operating in saturation is tharids Os are remarkably resistant to the
degrading effects of noise that can sometimes appeealog magnetic recordings.
Although the orientation of magnetic particles odisk’s media can be reversed by using
an external magnetic field, particles tend to tethis reversal of polarityCoercivityis the
strength with which magnetic particles resist clearigore highly coercive material has a
greater resistance to change, so a stronger ekfezlthwill be needed to cause changes.
High coercivity is generally considered to be dadie (up to a point) because signals stand
out much better against background noise and signdl resist natural degradation
because of age, temperature, and random magndtierines. As you might expect, a
highly coercive media requires a more powerfuldfiel record new information.

Another advantage of increased coercivity is great®rmation density for media. The
greater strength of each media particle allows niiieto be packed into less area. The
move from 5.25" to 3.5" floppy disks was possildegely because of a superior (more
coercive) magnetic layer. This coercivity princigliso holds true for hard drives. To pack
more information onto ever-smaller platters, thedimenust be more coercive. Coercivity
is a common magnetic measurement with unitedrsteds(pronounced “or-steds”). The
coercivity of a typical floppy disk can range anwsbd from 300 to 750 oersteds. By
comparison, hard-drive and magneto-optical (MO) imecsually offer coercivities up to
6000 oersteds or higher.

The main premise of magnetic storage is that stadic (once recorded, information is
retained without any electrical energy). Such stanéormation is presumed to last forever,
but in actuality, magnetic information begins t@e as soon as it is recorded. A good
magnetic media will reliably remember (or retaing talignment of its particles over a long



period of time. The ability of a media to retais inagnetic information is known as
retentivity Even the finest, best-formulated floppy disksrdelgs eventually (although it
could take many years before an actual data erabenmlizes).

Ultimately, the ideal answer to media degradat®toirefresh (or write over) the data and
sector ID information. Data is re-written normadlgch time a file is saved, but sector IDs
are only written once when the disk is formattéa $ector ID should fail, you will see the
dreaded “Sector Not Found” disk error and any dataed in the sector can not be
accessed.

This failure mode also occurs in hard drives. eitthn be done to ensure the integrity of
floppy disks, aside from maintaining one or morekogps on freshly formatted disks.

However, some commercial software is availableréstoring disk data (especially hard
drives).

Troubleshooting Floppy Disk Systems

This section of the chapter is concerned with dpx@blems that cannot be corrected with
cleaning or mechanical adjustments. To perform sofhe following tests, you should

have a known-good diskette that has been propenydtted. The disk might contain files,

but be certain that any such files are backed opgsty on a hard drive or another floppy
disk—if you can'’t afford to lose the files on alkdislon’t use the disk.

Repair vs. Replace

As with so many other PC assemblies, the pricdéopbly drives has dropped tremendously
over the last few years. Now that the price ofamdard 8.89-cm drive is roughly that of
two hours of labor, most technicians ask whethes ibetter to simply replace a floppy
drive outright, rather than attempt a repair. Ud#ttely, the decision should depend on
volume. Clearly, it makes little sense for a anyémenvest valuable time in repairing a
single drive. If a large number of drives are to repaired, however, an enterprising
technician who chooses to deal in floppy-drive mencan effectively provide rebuilt or

refurbished drives to their customers.

Preliminary Testing

Proper testing is essential for any type of drizeair. Most drive-alignment packages,such
as DriveProbe by Accurite Technologies or Alignyt bandmark Research, measure and
display a drive’s para meters (Fig. 16-10). Wheapffly drive trouble occurs, running a

diagnostic can help determine whether the drive haeics or electronics are at fault.

Although you can swap a drive symptomatically, thmh testing is an inexpensive means

to verify your suspicions before spending moneseface sub-assemblies.

Symptom 16-1. The floppy drive is completely déHae disk does not even initialize when
inserted. Begin troubleshooting by inspecting thekette itself. When a 3.5” disk is
inserted into a drive, a mechanism should pulldis&’s metal shroud away and briefly
rotate the spindle motor to ensure positive engageénBe sure that the disk is properly



inserted into the floppy-drive assembly. If thekéite does not enter and seat just right
within the drive, disk access will be impossibley Beveral different diskettes to ensure
that the test diskette is not defective. It migbt hecessary to partially disassemble the
computer to access the drive and allow you to Beeverall assembly. Free or adjust any
jammed assemblies or linkages to correct disk irmserlf you cannot get diskettes to insert
properly, change the floppy drive. 580 Floppy Dsieor cleaning and testing your floppy
drive, check out AUTOTEST.ZIP, CHKDRV.ZIP, CLEAN4R, and DFR.ZIP on the
companion CDSymptom 16-2. The floppy drive rotatedisk, but will not seek to the
desired track This type of symptom generally sutggdsat the head-positioning stepping
motor is inhibited or defective, but all other fippdrive functions are working properly.
Begin by disassembling your computer and removiedtoppy drive. Carefully
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Figure 16-10 a Driveprobe Screen Display for Automizc Drive.

Accurite Technologies, Inc. inspect the head-positig assembly to be certain that no
broken parts or obstructions could jam the readéneads. You might wish to examine
the mechanical system with a disk inserted to béaicethat the trouble is not a disk-
alignment problem, which might be interfering wiikad movement. Gently remove any
obstructions that you might find. Be careful notacidentally misalign any linkages or
mechanical components in the process of clearingpatruction.

Remove any diskette from the drive and re-conrtexttive’s signal and power cables.
Apply power to the computer and measure drive gekawith your multimeter. Ground
your multimeter on pin 2 of the power connector amehsure +12 Vdc at pin 1. Move the
meter ground to pin 3 and measure +5 Vdc on pili dither voltage is low or absent,
troubleshoot your computer power supply.

Once confident that the drive’s mechanics are tnéac appropriate power is available,
you must determine whether the trouble is in ydopgdy drive PC board or floppy-drive
controller IC on the motherboard. Use your logiol@ to measure the STEP signal in the
physical interface (pin 20). When drive access@uested, you should find a pulse signal
as the floppy controller attempts to position thé&/Rheads. If STEP pulses are missing, the
floppy-drive controller board is probably defectianed should be replaced.

If STEP pulses are present at the interface, ctiecbulses into the coil driver circuit.

An absence of pulses into the coil driver circumitlicates a faulty control-circuit IC. If
pulses reach the coil driver, measure pulses tcstiggping motor. If no pulses leave the
coil driver, replace the coil driver IC. When pudsare correct to the stepping motor but no
motion is taking place, replace the defective stgpmotor. If you do not have the tools or
inclination to replace surface-mount ICs, you ogplace the drive PC board. You can also
replace the entire drive outright

Symptom 16-3. The floppy drive heads seek propény the spindle does not tufinis symptom
suggests that the spindle motor is inhibited oedkie,

but all other functions are working properly. Remoall power from the computer.
Disassemble the system enough to remove the fldppg. Carefully inspect the spindle
motor, drive belt (if used), and spindle assemlidg. certain that no broken parts or



obstructions could jam the spindle. If a belt i$ween the motor and spindle, be sure that
the belt is reasonably tight—it should not slip.uyshould also examine the floppy drive
with a diskette inserted to be certain that th&'digsertion or alignment is not causing the
problem. You can double-check your observationsgiseveral different diskettes. Gently
remove any obstruction(s) that you might find. Beeful not to cause any accidental
damage in the process of clearing an obstructiann@ add any lubricating agents to the
assembly, but gently vacuum or wipe away any siggnit accumulations of dust or dirt.
Remove any diskette from the drive and re-conneetfloppy drive’s signal and power
cables. Restore power to the computer and measuewbltages with your multimeter.
Ground your multimeter on pin 2 and measure +12 dd@in 1. Move the meter ground
to pin 3 and measure +5 Vdc on pin 4. If eithetagé is low or absent, troubleshoot your
computer power supply.

Once you are confident that the floppy drive is hatcally sound and appropriate power
is available, you must determine whether the treublin the floppy drive PC board or the
floppy drive controller board. Use your logic protzemeasure thiotor onsignal in the
physical interface (pin 16). When drive acces®gested, th¥otor onsignal

582 Floppy Drivesshould become true (in most cases an active IédwhelMotor onsignal is
missing, the floppy drive-controller board is prbhedefective and should be replaced.

If the Motor onsignal is present at the interface, check the sidyang the servo circuit.

A missing Motor onsignal at the servo circuit suggests a faulty asdircuit IC. If the
signal reaches the servo circuit, the servo ICrabgbly defective. You can replace the
servo IC, but your best course is usually to repkae spindle motor/PC board assembly as
a unit. If you are unable to replace the spindleam®C board, you can replace the floppy
drive outright.

Symptom 16-4. The floppy drive will not read fromite to the diskettéAll other operations
appear normal. This type of problem can manifeselfitin several ways, but your
computer’s operating system will usually inform yahien a disk read or write error has
occurred. Begin by trying a known-good, properlyniatted diskette in the drive. A faulty
diskette can generate some very perplexing reaa/ywroblems. If a known-good diskette
does not resolve the problem, try cleaning the/wedteg heads, as described in the previous
section. Do not run the drive with a head-cleardiss inserted for more than 30 seconds at
a time, or you risk damaging the heads with exeesliction. When a fresh diskette and
clean R/W heads do not correct the problem, you ehetermine whether the trouble exists
in the floppy-drive assembly or the floppy-contenlIC.

If you cannot read data from the floppy drive, yser logic probe to measure tikead
data signal (pin 30). When the disk is idle, tRead datdine should read as a constant
logic 1 or logic 0. During a read cycle, you shoniéasure a pulse signal as data moves
from the drive to the floppy-controller board. Ib pulse signal appears on tRead data
line during a read cycle, use your oscilloscopenasure analog signals from the R/W
heads. If there are no signals from the R/W heagjslace the head or head carriage
assembly. When signals are available from the RM&¥8dk, the control-circuit IC is
probably defective and should be replaced. If yoai unable to replace the IC, you can
replace the drive’s control PC board. You can akgmace the entire drive outright. If a



pulse signal does exist during a read cycle, tbppiy-disk controller board is probably
defective and should be replaced. When you cannte data to the floppy drive, use your
logic probe to measure thWrite gateand Write datalines (pins 24 and 22, respectively).
During a write cycle, th&Vrite gateshould be logic 0 and you should read a pulse kaga
data flows from the floppy controller IC to the i If theWrite gateremains logic 1 or no
pulse is on th&Vrite dataline, replace the defective floppy controller baaihen the two
Write signals appear as expected, check the analog digrtale R/W heads with your
oscilloscope. Ifyou do not find analog write sigg)akplace the defective control-circuit IC.
If analog signals are present to the heads, triacem the heads or the entire head carriage
assembly.

You can also replace the entire drive outright.

Symptom 16-5. The drive is able to write to a wptetected dislBefore concluding that there
is a drive problem, remove and examine the disifit® ensure that it is actually write
rotected. If the disk is not write protected, wigetect it appropriately and try the disk
again. If the disk is already protected, use youwltimeter to check the drive’s write-
protect sensor. For an unprotected disk, the sem#put should be a logic 1; a protected
disk should generate a logic 0 (some drives migiense this convention).
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This Week Learning Outcome

To Understand:
» CD ROM Failure — Symptoms and Troubleshooting

The compact disc (CDjirst appeared in the commercial marketplace ilyeE®82. Sony
and Philips developed the CD as a joint ventureeanwisioned it as a reliable, high quality
replacement for aging phonograph technology. Whth introduction of the audio CD,
designers demonstrated that huge amounts of infemaan be stored simply and very
inexpensively on common, non-magnetic media. Untikevious recording media, the CD
recorded data idigital form through the use of physical “pits” and “lands’the disc. The
digital approach allowed excellent stereo soundityyavhich does not degrade each time
the disc is played, but also attracted the attantib PC designers, who saw CDs as a
natural solution for all types of computer inforioat (i.e., text, graphics, programs, video
clips, audio files, etc.). The CD-ROM drive is netandard equipment on both desktop
and mobile PC systems.

Although CD-ROM drives bring a great deal of relebtorage potential to the PC, it has
not been possible to record CDs on the desktop-tettienology required to create audio
and computer CDs has traditionally been terriblynptex and expensive, and limited by
PC computing power of the day. Since the early $98® recorder (CD-R}technology
has steadily become more reliable and economicalay, virtually any Pentiumbased PC
with a SCSI bus and 1GB or more of hard drive sgaresupport a CD-R drive for under
$500 (U.S.). This chapter explains the technolograbstroubleshooting techniques

for CD-ROM and CD-R drives (Fig. 7-1).

Understanding CD Media

CDs are mass-produced by stamping the pattern tsf gmd lands onto a molded
polycarbonate disc (known assabstratg. This stamping process (much like the stamping
used to produce vinyl records) places the datdenlisc. But the disc is not yet readable—
several finish steps must be performed to transfarahear plastic disc into viable, data-
carrying media. The clear polycarbonate disc i®gia silvered (reflective) coating so that
it will reflect laser light. Silvering coats all ga of the disc side (pits and lands) equally.
After silvering, the disc is coated with a tougbradéch-resistant lacquer that seals the disc
from the element especially oxygen, which will axel and ruin the reflective coating).
Finally, a label can be silk-screened onto theshied disc before it is tested and packaged.
Figure 7-2 illustrates each of these layers inoasisectional diagram.

Recordable media appears very similar to “pres€eld’media (Fig. 7-2), but with two
important variations. First, the polycarbonate CBibstrate is pre-formed with a track
spiral into which data will be written during redarg. The substrate is then coated with a
greenish translucent layer, and backed with a ctfle layer of gold before protective



lacquer is applied over the gold. These transluaedtgold layers allow the recorded pits
and lands to be read back after recording.

CARING FOR COMPACT DISCS

A compact disc is a remarkably reliable long-ternmorage media (conservative
expectations place the life estimates of a curf@édtat about 100 years. However, the
longevity of a CD is affected by its storage anddimg—a faulty CD can cause file and
data errors that you might otherwise interpret defact in the drive itself. Here are some
tips to help protect and maintain the disc itself:

Don’t bend the disdPolycarbonate is a forgiving material, but you ristacking or

snhapping (and thus ruining) the disc.

- Don't heat the dislRemember, the disc is plastic. Leaving it by a éreat on the
dashboard of your car might cause it to melt.

- Don't scratch the disd.aser wavelengths have a tendency to “look pastiomi
scratches, but a major scratch can cause probBenespecially careful of circular
scratches (one that follows the spiral track). Fewar scratch can easily wipe out
entire segments of data, which would be unrecoverab

- Don’t use chemicals on the di€themicals containing solvents, such as ammonia,
benzene, acetone, carbon tetrachloride, or chl@iheleaners, can easily damage
the disc’s plastic surface.

Caring For Recordable Cds

As a rule, recordable CDs are as rugged and reliablordinary “pressed” CDs. Still, you

should exercise some rules in the careful handlimgjstorage of recordable media:

- Maintain a comfortable environmeon’t expose recordable discs to sunlight or
other strong light for long periods of time. Alsgoad high heat and humidity,
which can damage the physical disc. Always keepkbta recorded media in clean
“lewel” cases for best protection.
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Eventually, a buildup of excessive dust or fingengr can interfere with the laser beam
enough to cause disc errors. If this happens, ideadn be cleaned easily using a dry, soft,
lint-free cloth. Hold the disc from its edges angbevradially (from hub to edge). Do not
wipe in a circular motion. For stubborn stains, shem the cloth in a bit of fresh isopropyl
alcohol (do not use water). Place the cleanedidiaacaddie or jewel case for transport and
storage.

- Don’t write on the disdon’t use alcohol-based pens to write on discs—Htlke
might eventually eat through the top (lacquer) atefand damage your data. Also
don’t use ball-point or other sharp-tipped pensabse you might scratch right
through the lacquer surface and damage the reféegold layer (and ruin your
data).

- Don’t use labels on the diddon’t put labels on discs unless they are expressly
designed for recordable CDs. The glue might eatuiliin the lacquer surface just as
some inks do, and/or the label might unbalancedibe and cause problems in



reading it back or recording subsequent sessioegeMNry to remove a label—you
might tear off the lacquer and some of the reftecsurface.

Watch your media qualitylany different brands of recordable CD media are no
available. Quality varies from brand to brand (amdn from batch to batch within a
given brand). If you have repeated problems thatbmtraced to the blank media
you are using, try using a different brand or ewedifferent batch of the same
brand.

Don’t use Kodak Photo CDAvoid the use of Kodak Photo CDs on everyday CD
recorders. Kodak Photo CDs are designed to be asldwith Kodak Photo CD
professional workstations. Although the discs anexpensive, they have a
protection bit that prevents them from being writn many CD recorders. When
you attempt to write these discs on the recordeng;h recognize the protection bit,
you will receive an error message.

Don’t write on the dis®on’t use alcohol-based pens to write on discs—tike
might eventually eat through the top (lacquer) atefand damage your data. Also
don’t use ball-point or other sharp-tipped pensabse you might scratch right
through the lacquer surface and damage the reféegfold layer (and ruin your
data).

Don’t use labels on the diddon’t put labels on discs unless they are expressly
designed for recordable CDs. The glue might eatudin the lacquer surface just as
some inks do, and/or the label might unbalancedibe and cause problems in
reading it back or recording subsequent sessioegeMNry to remove a label—you
might tear off the lacquer and some of the reftecsurface.

Watch your media qualitylany different brands of recordable CD media are no
available. Quality varies from brand to brand (amdn from batch to batch within a
given brand). If you have repeated problems thatbmtraced to the blank media
you are using, try using a different brand or ewedifferent batch of the same
brand.

Don’t use Kodak Photo CD&void the use of Kodak Photo CDs on everyday CD
recorders. Kodak Photo CDs are designed to be asldwith Kodak Photo CD
professional workstations. Although the discs anexpensive, they have a
protection bit that prevents them from being wnten many CD recorders. When
you attempt to write these discs on the recordeng;h recognize the protection bit,
you will receive

Don’t write on the disdon’t use alcohol-based pens to write on discs—Htlke
might eventually eat through the top (lacquer) atefand damage your data. Also
don’t use ball-point or other sharp-tipped pensabse you might scratch right
through the lacquer surface and damage the reféegold layer (and ruin your
data).

Don’t use labels on the diddon’t put labels on discs unless they are expressly
designed for recordable CDs. The glue might eatuiliin the lacquer surface just as
some inks do, and/or the label might unbalancedibe and cause problems in
reading it back or recording subsequent sessioegeNry to remove a label—you
might tear off the lacquer and some of the reftecsurface.



- Watch your media qualitylany different brands of recordable CD media are no
available. Quality varies from brand to brand (amdn from batch to batch within a
given brand). If you have repeated problems thatbmtraced to the blank media
you are using, try using a different brand or ewedifferent batch of the same
brand.

- Don’t use Kodak Photo CD&void the use of Kodak Photo CDs on everyday CD
recorders. Kodak Photo CDs are designed to be asldwith Kodak Photo CD
professional workstations. Although the discs anexpensive, they have a
protection bit that prevents them from being wnten many CD recorders. When
you attempt to write these discs on the recordeng;h recognize the protection bit,
you will receive.

Creating a Bootable CD

With the acceptance of the “El Torito” standard 1@E CD-ROM drives, it is now
possible to boot your PC from a CD and load anatpey system without a floppy or hard
drive. The problem is in obtaining bootable CD$&¢gin with. Many new computers are
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If no SCSI hard drives are in the system, the S&fapter's on-board BIOS ROM can
usually be disabled. Being sold with a “system disdich can boot and load an operating
system, but it is rare for users to bring in thmotable CDs with the system when service
is required. If you have a CD-R drive and some itga/ailable software tools, you can
actually make a bootable CD yourself. This parthefchapter covers the procedure used to
create a bootable CD. Before you can create a bleo@D, you will need a system (or
access to a system) with the following hardware softivare tools:

- An “El Torito-capable” IDE or SCSI CD-ROM drivev(th their standard IDE/SCSI
interfaces).

- An “El Torito-capable” motherboard or SCSI adapB®©S that supports booting
from bootable CDs.

- A hexadecimal editor utility. If you have Nortdstilities (version 8.0 or Windows
95), the DISKEDIT.EXE utility is preferred.

- A bootable floppy disk (MS-DOS 6.2x or DOS 7.0\Windows 95). You might
also use a bootable hard drive.

- A hard-disk drive with ample speed and spacedid n ISO 9660 image file for
the bootable CD. A SCSI disk is preferred, but st faIDE hard drive will also
work. At least 650MB of free space should be onHBE® for the image file.

- A CD-R drive (almost always SCSI).

- Any CD-R software that can make an ISO 9660 infdgeFor example, you could
use Adaptec’s Easy CD Pro for Windows 95.

- A blank CD-R disc (you can’t make a multisessiiid bootable).

160 CD-ROM and CD-R Drives
Troubleshooting CD-ROM Drives Although the vast aray of CD-ROM problems are
caused by software or setup problems, the drivessklves are delicate and unforgiving



devices. Considering that their prices have plurechaiver the last few years (and still
continue to drop), there is little economic semsattempting a lengthy repair. When a fault
occurs in the drive or in its adapter board, yoastbcourse is typically to replace the
defective drive outright.

Symptom 7-1. The drive has trouble accepting aecté)g a CD This problem is typical of
motorized CD-ROM drives, where the disc is acceénl a slot or placed in a motorized
tray. Before performing any disassembly, checkassembly through the CD slot for any
obvious obstructions. If nothing is obvious, exptise assembly and check each linkage
and motor drive gear very carefully. Carefully rermacor free any obstruction. Be gentle
when working around the load/unload assembly. Moliow it is shock mounted in four
places.

Disconnect the geared dc motor assembly and tryirgahe load/unload mechanism by
hand. If you feel any resistance or obstructiony gbould track it down by eye and by feel.
Replace any worn or damaged part of the mecharesmeplace the entire load/unload
assembly. Also check the geared motor for any dansagbstruction. Broken or slipping

gear teeth can interfere with the transfer of fdroen motor to mechanism. Replace any
damaged gears or replace the entire geared assevitalymight also simply replace the

CD-ROM drive mechanism outright.

Symptom 7-2. The optical read head does not seegphinal head is used to identify pits
and lands along a CD-ROM, and to track the spiath ghattern as the head moves across
the disk. The optical head must move very slowlyl amoothly to ensure accurate
tracking. Head movement is accomplished usingealiistepping motor (or lin-

If you like the idea of creating your own bootakid®s, but don't like the idea of editing
hex code manually, try the following utilities dmetCompanion CD: MKBTCD1.ZIP,

The companion CD contains a number of CD-ROM tgstarching utilities. Check out ear
actuator) to shift the optical assembly in micrgecoincrements—head travel appears
perfectly smooth to the unaided eye. Check theedrgr any damaged parts of
obstructions.

When the optical head fails to seek, the easiadtfastest fix is simply to replace the CD-
ROM mechanism outright.

Symptom 7-3. The disc cannot be read This typeralblpm might result in a DOS level
sector not found” or “drive not ready” error. Bedoyou reach for your tools, however,
check the CD itself to ensure that it is the rifgrmat, inserted properly, and physically
clean. Cleanliness is very important to a CD. Alitjlo the laser will often “look past” any
surface defects in a disc, the presence of dustebris on a disc surface can produce
serious tracking (and read) errors. Try a differdist to confirm the problem. If a new or
different disc reads properly, the trouble mightead be in (or on) the original disc itself.
Not only the disc must be clean, but the head sphiast also be clear. Gently dust or clean
the head optics, as suggested by your drive’squéati manufacturer.



If read problems persist, check the physical iaimf cable between the drive and its
adapter board. Be sure that the cable is connexda@ctly and completely. Many CD
drives use SCSI interfaces—if you are using mudtiCSI devices from the same
controller card and other SCSI devices are opayatioperly, the SCSI controller board is
probably intact. If other SCSI devices are alsofumaitioning, try a new SCSI host
controller board. At this point, either the drivegtical head or electronics are defective.

Your best course here is to replace the drive. rtfbjgms persist on a drive with a
proprietary interface, replace the adapter board.

Symptom 7-4. The disc does not turn The disc must &t aConstant Linear Velocity
(CLV)that is directed and regulated by the spindlendfdisc is not spinning during access,
check to be sure that the disc is seated propanly,is not jammed or obstructed. Before
beginning a repair, review your drive installatiand setup carefully to ensure that the
drive is properly configured for operation. If tdave’s BUSY LED comes on when drive
access is attempted (you might also see a corrdsp®OS error message), the drive
spindle system is probably defective. If the corepuaibes not recognize the CD drive (i.e.,
“invalid drive specification”), there might be atgp or configuration problem (either the
low-level device driver or MSCDEX might not haveatted properly). If your particular
drive provides you with instructions for cleanifgetoptical head aperture, perform that
cleaning operation and try the drive again. A fduleptical head can sometimes upset
spindle operation. If operation does not improeplace the CD-ROM drive mechanism.

Symptom 7-5. The optical head cannot focus itsrlésam As you saw earlier in this

chapter, a CD-ROM drive must focus its laser beammicroscopic precision to properly

read the pits and lands of a disk. To compensat#théminute fluctuations in disc flatness,
the optical head mounts its objective lens intonalsfocusing mechanism, which is little

more than a miniature voice-coil actuator—the ldoss not have to move very much at all
to maintain precise focus. If focus is out or nallwnaintained, the laser detector might
produce erroneous signals. This might result in D0%e error messages. If random, but
consistent, DOS errors appear, check the disc subeethat it is optically clean—dust and
fingerprints can result in serious access probld@msanother disc. If a new disc continues
to perform badly, try cleaning the optical apertwith

Symptom 7-3. The disc cannot be read This typerablpm might result in a DOS level
“sector not found” or “drive not ready” error. Beéoyou reach for your tools, however,
check the CD itself to ensure that it is the rifgrmat, inserted properly, and physically
clean. Cleanliness is very important to a CD. Alitjlo the laser will often “look past” any
surface defects in a disc, the presence of dustebris on a disc surface can produce
serious tracking (and read) errors. Try a differdist to confirm the problem. If a new or
different disc reads properly, the trouble mightead be in (or on) the original disc itself.
Not only the disc must be clean, but the head sphiast also be clear. Gently dust or clean
the head optics, as suggested by your drive’squéati manufacturer.



If read problems persist, check the physical iaissf cable between the drive and its
adapter board. Be sure that the cable is connexgéctly and completely. Many CD
drives use SCSI interfaces—if you are using mudtiCSI devices from the same
controller card and other SCSI devices are opeayaimperly, the SCSI controller board is
probably intact. If other SCSI devices are also fumaitioning, try a new SCSI host
controller board. At this point, either the drivegtical head or electronics are defective.
Your best course here is to replace the drive. rtfbjgms persist on a drive with a
proprietary interface, replace the adapter board.

Symptom 7-4. The disc does not turn The disc must &t aConstant Linear Velocity
(CLV)that is directed and regulated by the spindlendfdisc is not spinning during access,
check to be sure that the disc is seated propamnly,s not jammed or obstructed.

Before beginning a repair, review your drive inlstiddn and setup carefully to ensure that
the drive is properly configured for operationthe drive’s BUSY LED comes on when
drive access is attempted (you might also see @esmonding DOS error message), the
drive spindle system is probably defective. If toenputer does not recognize the CD drive
(i.e., “invalid drive specification”), there mighie a setup or configuration problem (either
the low-level device driver or MSCDEX might not lealeaded properly). If your particular
drive provides you with instructions for cleaningetoptical head aperture, perform that
cleaning operation and try the drive again. A fduleptical head can sometimes upset
spindle operation. If operation does not improeplace the CD-ROM drive mechanism.

Symptom 7-29. You cannot change the CD-ROM dritedeinder Windows 95 You need

to change the drive’s settings under Brevice manager

- Open theControl paneland select th8ystenicon.

- Once theSystem propertiedialog opens, click on theevice managepage.

- Locate the entry for the CD-ROM. Click on thesign to expand the list of CD-
ROM device.

- Doubleclick on the desired CD-ROM.

- Once the CD-ROM drive’Bropertiesdialog appears, choose t8ettinggage.

- Locate the current drive letter assignment bak emter the new drive designation.

Multiple letters are needed only when a SCSI deMiégmplementing LUN addressing (i.e.,
multidisc changers).

- Click on theOK button to save your changes.

- Click on theOK button to close thBevice manager

- A System settings changendow should appear. Click on tiveesbutton to reboot
the system so that the changes can take effeclickron theNo button so that you
can make more changes to other CD-ROMSs before telgosystem. Changes will
not become effective until the system is rebooted.
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This Week Learning Outcome
To Understand:

» Keyboard Failure — Symptoms and Troubleshooting

Introduction

Keyboards (Fig. 20-1) are the classic input devgyemanipulating a matrix of individual
electrical switches, commands, and instructions loanentered into the computer one
character at a time. If you've used computers petyriters to any extent, you already have
an excellent grasp of keyboard handling. Howeveypkards are not without their share of
drawbacks and limitations. Although today’s keylibawitches are not mechanically
complex, there are a number of important movingspa&vhen you multiply this number of
moving parts times the 80 to 100+ keys on a typlaalboard, you are faced with a
substantial number of moving parts. A jam or falur any one of these many mechanical
parts results in a keyboard problem. Most keybdaidres are hardly catastrophic, but
they can certainly be inconvenient. This chapteregiyou the information needed to
understand and repair computer keyboards.

Keyboard Cleaning and Maintenance

Keyboards are perhaps the most abused part of @anputer, yet they are often ignored
until serious problems develop. With some regulaaming and maintenance, however, a
keyboard can easily last for the lifetime of a comap. This part of the chapter shows you
some practical techniques for keyboard service.

Correcting Problem Keyboards

Virtually all computer keyboards are open to the @ver time, everyday dust, pet hair, air
vapor, cigar/cigarette smoke, and debris from haras ordinary use will settle into the
keyboard. Eventually, accumulations of this forengatter will cause keys to stick, or will

prevent keys from making proper contact (i.e., & kees not work every time it is

pressed).

In either case, keyboard problems will develop.tiwately, correcting a finicky keyboard
is a relatively straightforward process. Start bynoving the key caps of the offending
keys. Be sure to note where each key is placeddstarting your disassembly especially
if the keyboard is a DVORAK-type or unusual ergomomesign. To remove a key cap,
bend an ordinary paper clip into the shape of aomafU”, and bend-in small tabs at the
tip of the “U” shape. Slip the small tabs under #®y cap and pull up gently. Do not
struggle with the key cap. If a cap will not confé cemove one or more adjacent caps. If
there is a substantial accumulation of foreign eratt the keyboard, you should consider
removing all of the key caps for a thorough clegnlvut this requires more time



Flip the keyboard upside down and rap gently oncdege. This will loosen and dislodge
any larger, heavier foreign matter, and allow ifath out of the keyboard. A soft-bristled

brush will help loosen the debris. Return the keyddo an upright position. Use a can of
compressed air (available from almost any eleatowir photography store) to blow out
the remainder of foreign matter. Because this téaddow dust and debris in all directions,
you might wish to use the compressed air outsida an area away from your workbench.
A medium- or firm-bristled brush will help loosenyastubborn debris.

Now that the keyboard is cleaned out, squirt a bnahount of good-quality
electronicsgrade contact cleaner (also availabl@ falmost any electronics store) into each
key contact, and work the key to distribute theaobkr evenly. Allow a few minutes for the
contact cleaner to dry completely and test the &axib again before reinstalling the key
caps. If the problems persist, the keyboard mightdamaged or the individual key(s)
might simply be worn out beyond recovery. In such event, replace the keyboard
outright.

Vacuum Cleaners And Keyboards

There is an ongoing debate as to the safety ofuraaleaners with computer equipment.
The problem is static discharge. Many vacuum clearespecially small, inexpensive
models—use cheap plastic and synthetic fabricheir tonstruction. When a fast air flow
passes over those materials, a static charge eap®d (just like combing your hair with a
plastic comb). If the charged vacuum touches thddard, a static discharge might have
enough potential to damage the keyboard-contrdllzror even travel back into the
motherboard for more serious damage.

670 Keyboards

Avoid removing the <Space Bar> unless it is abstyuhecessary because the space bar is
often much more difficult to replace than ordin&gys. If you do choose to use a vacuum
for keyboard cleaning, take these two steps to gmedamage. First, be sure that the
computer is powered down and disconnect the kegbivam the computer before starting
service. If a static discharge does occur, the rii@dtwould be damaged is the keyboard
itself. Second, use a vacuum cleaner that is madeléctronics work and certified as
“static-safe.” Third, try working on an anti-statitat (such as the mat in Fig. 20-7), which
is properly grounded. This will tend to “bleed-oftatic charges before they can enter the
keyboard or PC.

Replacing The <Space Bar>

Of all the keys on the keyboard, replacing the <®daar> is probably the most difficult.
The <Space Bar> is kept even by a metal wire thaigerted into slots on each leg of the
plastic bar key. However, you have to get the wite the slots without pressing the wire.

If you push the wire down, you compress the wiré iastallation becomes impossible.



As a general rule, do not remove the <Space Balessrabsolutely necessary. If you must
remove the <Space Bar>, remove several surrourigiggaps also. This will let you get
some tools under the <Space Bar> wire later one@ne <Space Bar> is re-inserted, you
can easily replace any of the other key caps.

Preventing The Problems

Keyboard problems do not happen suddenly (unles&élgboard is dropped or physically
abused). The accumulation of dust and debris itow process that can take months
(sometimes years) to produce serious, repetitivgod@d problems. By following a
regimen of regular cleaning, you can stop problémfore they manifest themselves in
your keyboard. In normal office environments, kegtals should be cleaned once every
four months. Keyboards in home environments shdaddcleaned every two months.
Keyboards in harsh or industrial environments stidn@l cleaned even more frequently.

Turn your keyboard upside-down and use a softieddbrush to clean between the keys.
This prevents debris that might already be on #nsKrom entering the keyboard. Next,
run the long, thin nozzle of your compressed air lsatween the key spaces to blow

Keyboard Cleaning And Maintenance 671

FIGURE 20-7A Curtis

Anti-Static Keyboard Mat. Curtis, a division of Rdex, Secaucus, NJ 07094 out any
accumulations of dust. Because compressed aitemitl to blow dust in all directions, you

might consider “blowing down” the keyboard outside, in an area away from your

workbench. Instead of compressed air, you might ai$static-safe” vacuum cleaner to

remove dust and debris.

Dealing With Large Objects

Staples and paper clips pose a clear and presegédt keyboards. Although the odds of
a staple or paper clip finding its way into a kegtibare generally slight, foreign objects
can jam the key or short it out. If the keyboardneved, the object can wind up in the
keyboard’s circuitry where serious damage can odtliren a foreign object falls into the

keyboard, do not move the keyboard. Power dowrPfiethen locate the object and find
the nearest key. Use a paper clip bent in a “U’pshaith the ends of the “U” angled

inward to remove the nearest key cap. Use a pairtoafconductive tweezers or needle
nose pliers to remove the object. Replace the kpy c

Dealing With Spills

Accidental spills are probably the most serious dadgerous keyboard problem. Coffee,
soda pop, and even tap water is highly conductewer{ corrosive). Your keyboard will
almost certainly short circuit. Immediately shutstoyour computer (you might be able to
exit your application using a mouse) and discontteetkeyboard. The popular tactic is to
simply let the liquid dry. The problem with thiscte is that most liquids contain minerals
and materials that are corrosive to metals—youbkayd will never be the same unless the
offending liquid is removed before it dries. Aldiguids tend to turn any dust and smoke



film into a sticky glue that will just jam the keyghen dry (not even considering the sticky
sugar in most soda pop).

Disassemble the keyboard’s main housings and rentbeekeyboard printed-circuit
assembly. As quickly as you can after the incidense the assembly thoroughly in clean,
room-temperature, de-mineralized water (availalbtenfany pharmacy for contact lens
maintenance). You can clean the plastic housingaragly. Do not use tap water. Let the
assembly drip dry in air. Do not attempt to acakeithe drying process with a hair dryer
or other such heat source. The de-mineralized wstteuld dry clean without mineral
deposits or any sticky, conductive residue. Oneeassembly is dry, you might wish to
squirt a small amount of good-quality, electrorgcaede contact cleaner into each key
switch to ensure that no residue is on the contéasuming that the keyboard’s circuitry
was not damaged by the initial spill, you shouldaide to reassemble the keyboard and
continue using it without problems. If the keybodrehaves erratically (or not at all),
replace the keyboard outright.

Disabling A Keyboard

Keyboards are an essential peripheral for all cderpu except servers. In many cases,
network administrators would prefer to restrictegdir access to the server, and prevent
potential tampering. Traditional PCs did not allpau disable the keyboard, but newer
systems do offer a CMOS setup entry that can ermabthsable the keyboard. When the
keyboard is disabled through CMOS, the PC will bawithout suffering “Keyboard not
found” errors. Before starting service on a servtemight be necessary to reattach and
reenable the keyboard.

Keyboard Troubleshooting

Although their appearance might seem dauntingrst @jlance, keyboard systems are not
terribly difficult to troubleshoot. This ease isimarily because of the keyboard’'s

modularity— if all else fails, it's a simple mattéo replace a keyboard outright. The

keyboard’s great weakness, however, is its vulnirato the elements. Spills, dust, and

any other foreign matter that finds its way betwdenkey caps can easily ruin a keyboard.
The keyboard’s PC board is also a likely candidatdde damaged by impacts or other
physical abuse. The following procedures addressyroéthe most troublesome keyboard

problems.

Symptom 20-1. During initialization, an error magsaindicates that no keyboard is
connected Check your keyboard cable and see timinserted properly and completely
into the PC connector. Remember that you will heoveeboot your system to clear this
error message. Try another compatible keyboarda Hew keyboard assembly works
properly, there is probably a wiring fault in theginal keyboard. Given the very low price
of new keyboards, it is usually most economicaditoply replace a defective keyboard. If
you're working on a file or network server, seettttiee CMOS setup has enabled the
keyboard.

If a known-good keyboard fails to function, try tbeginal keyboard on a known-good PC
to verify that the keyboard itself is indeed opienadl. If so, your trouble now lies in the



PC. Check the wiring between the PC keyboard cdonand the motherboard. Check the
connector pins to be sure that none of them haga bent or pushed in (resulting in a bad
connection).

You might also want to check the soldering conmestiwhere the keyboard connector
attaches to the motherboard. Repeated removalsaedions of the keyboard might have
fatigued the solder joints. Reheat any defectivdesgoints. If the keyboard connector is
intact, it is likely that the keyboard controll€® (KBC) has failed. Try booting the PC with
a POST board installed (as covered in ChapterAlKBC failure will usually be indicated
by the system stopping on the appropriate POST. ctaie can attempt to replace the KBC
or replace the motherboard outright. If a POST thaadicates a fault other than a KBC
(such as the programmable interrupt controller,clwhihanages the KBC's interrupt), you
can attempt to replace that component, or simpthamge the motherboard anyway.

Symptom 20-2. During initialization, an error megsandicates that the keyboard lock is
on In many cases, the detection of a locked keybwdt halt system initialization. Be sure
that the keyboard lock switch is set completelyht® “unlocked” position. If the switch is
unlocked, but the system detects it as locked. sitich might be defective. Turn off and
unplug the system, then use a multimeter to measaneénuity across the lock switch (you
might need to disconnect the lock switch cable ftbe motherboard. In one position, the
switch should measure as an open circuit. In theosipg position, the switch should
measure as a short circuit. If this is not the ctselock switch is probably bad and should
be replaced. If the switch measures properly, therg@robably a logic fault on the
motherboard (perhaps the keyboard controller). Ybast course is to try another
motherboard.

Symptom 20-3. The keyboard is completely dead—nys legpear to function at all other
computer operations are normal. In this symptomisitassumed that your computer
initializes and boots to its DOS prompt or otheemging system as expected, but the
keyboard does not respond when touched. Keyboatdsst EDs might not be working
properly. Your first step in such a situation ignpa known-good keyboard in the system.
Notice that you should reboot the system when &dand is replaced.

If a known-good keyboard works, the fault is pralgain the keyboard-interface IC. You
can attempt to replace this IC if you wish, busibften most economical to simply replace
the keyboard outright.

If another keyboard fails to correct the problerse wa multimeter and check the +5-V
supply at the keyboard connector (refer to Fig 520K the +5-V signal is missing, the
female connector might be broken. Check the coonscsoldering junctions on the

motherboard. Reheat any connectors that appeaguéati or intermittent. Many

motherboards also use a “pico-fuse” to protect tbeV supply feeding the keyboard
connector.

If your +5 V is lost, locate and check the keybeandnector fuse. If problems continue,
replace the motherboard.



Symptom 20-4. The keyboard is acting erraticallyeGor more keys appear to work

intermittently, or it is inoperative. The computgyerates normally and most keys work just
fine, but one or more keys do not respond whensprkesExtra force or repeated strike
might be needed to operate the key. This type a@blpm can usually range from a minor
nuisance to a major headache. Chances are thakgguwontacts are dirty. Sooner or later,
dust and debris works into all key switches. Eleatrcontacts eventually become coated
and fail to make contact reliably. This symptontysical of older keyboards, or keyboards
that have been in service for prolonged periodsimé. In many cases, you need only
vacuum the keyboard and clean the suspect comatt® good-quality electronic contact

cleaner.

Begin by disconnecting the keyboard. Use a statie;dine-tipped vacuum to remove any
accumulations of dust or debris that might haveuandated on the keyboard PC board.
You might wish to vacuum your keyboard regularlypasventive maintenance.

Once the keyboard is clean, gently remove theipl&st cap from the offending key(s).
The use of a keycap-removal tool is highly recomdeelh but you might also use a
modified set of blunt-ended tweezers with theit #8ads (just the tips) bent inward. Grasp
the key cap and pull up evenly. You can expectHpeto slide off with little resistance. Do
not rip the key cap off—you stand a good chancemafrring the cap and causing
permanent key switch damage.

Use a can of good-quality electronics-grade cortksetner and spray a little bit of cleaner
into the switch assembly. When spraying, attach ltre, narrow tube to the spray
nozzle—this directs cleaner into the switch. Wdrk switch in and out to distribute the
cleaner. Repeat this maintenance once or twiceldancthe switch thoroughly. Allow
residual cleaner to dry thoroughly before re-tegtime keyboard. Never use harsh cleaners
or solvents. Industrial-strength chemicals canlgasin plastic components and housings.

Reapply power and retest the system. If the sudgags) respond normally again, install
the removed key caps and return the system tocgerA&s a preventive measure, you might
wish to go through the process of cleaning evey ke

Membrane keys must be cleaned somewhat differeindgn mechanical keys. It is
necessary for you to remove the rubber or plastat o clean the PC board contacts.
Depending on the design of your particular membrmamich, this might not be an easy
task. If you are
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Introduction

As software packages evolved beyond simple menusbagdn to make use of the

powerful graphics systems coming into popular usend the mid-1980s (i.e., EGA and

VGA graphics), ever-larger amounts of informatioare presented in the display. Simple,
multi-layered text menus were aggressively replagghd striking graphic user interfaces

(GUIs). System options and selections were soomesepted with symbols (graphic

“buttons” or “icons”), instead of plain text. Usirg keyboard to maneuver through such
visual software soon became a cumbersome (if npossible) chore.

Peripherals designers responded to this situatiprddwveloping a family ofpointing
devices Pointing devices use a combination of hardwaré software to producend
control a graphical screemrsor. A software device driver generates the cursorrapdrts
its position. As the pointing device is moved amuhardware signals from the pointing
device are interpreted by the device driver, whnadves the cursor in a similar manner. By
positioning the cursor over a graphic symbol antvatng one, two, or three of the
buttons on the pointing device, it is now possiioleselect (i.e., “click” or “doubleclick”)
and manipulate (i.e., “drag”) options in the apglion program instead of using a
keyboard.

Three factors are needed to make pointing devicak:whe physical signal-generating
hardware itself, a software driver (the “devicevdrf), and the application program must
be written to make use of the device driver. If ariythese three items are missing, the
pointing device will not work. This chapter looks the technology, maintenance, and
troubleshooting of two popular pointing devices thouse and the trackball.

The Mouse

Although the development of computer pointing desibas been ongoing since the early
1970s, the first commercial pointing devices folMHBompatible systems were widely
introduced in the early 1980s. The device was seratiugh to be held under your palm,
and your fingertips rested on its button(s). A $ptain cord connected the device to its
host computer. The device’s small size, long tk#-tord, and quick scurrying movements
immediately earned it the label ofiouse Every mouse needs at least one button. By
pressing the button, you indicate that a selectfoteing made at the current cursor
location. Many mouse-compatible software packageg ose a single mouse button even
to this day. A two-button mouse is more populafliéating the endurance of the mouse
design) because a second button can add moreiliigxib the mouse. For example, one



button can work to “select” an item; the seconddutan be used to “deselect” that item
again or to activate other menus and options.

A few mouse designs use three buttons, but thel thutton is rarely supported by
application programs, aside from CAD or high-endaaplications.

Mouse Gestures

The first mouse “gesture” is calladicking, which is little more than a single momentary
press of the left mouse button (on a two-button $eduClicking is the primary means of
making a selection in the particular applicatiooggam. The second common gesture is
doubleclicking which is simply two single clicks in immediatecsassion. A doubleclick
also represents selection, but its exact use depgoah the application program. The third
type of mouse gesture is tleag, where a graphical item can literally be movediacbthe
display. Dragging is almost always accomplishedpblBssing the left mouse button over
the desired item, then (without releasing the m)ttmoving the item to its new location.
When the item moved to its new position, releashgleft mouse button will “drop” the
item in that location.

It is interesting that pen gestures are interprégdhe computer’s operating system, but
mouse movements and button conditions are handletthé actual application program
(such as a word processor or game). Thus, the saouse gestures can be made to
represent different actions, depending on whiclygm is executing.

Cleaning a Pointing Device

Pointing devices are perhaps the simplest peripagealable for your computer. Although

they are reasonably forgiving to wear and teacktralls and mice can easily be fouled by
dust, debris, and foreign matter introduced fromm Hall. Contamination of this sort is

almost never damaging, but it can cause some madggroblems when using the

pointing device. A regimen of routine cleaning whklp to prevent contamination

problems.

You can use pre-fabricated mouse cleaning kits. (g5) to speed the cleaning process.
Turn your small-computer off before performing aganing procedures:

- Remove the balR ball is held in place by a retaining ring. Fornsouse, the
retaining ring is on the bottom. For a trackbddk ting is in the top. Rotate the ring
and remove it gently—the ball will fall out. Plattee retaining ring in a safe place.

- Clean the balwWash the ball in warm, soapy water, then dry itrédoghly with a
clean, lint-free towel. Place the ball in a saf&cpl

- Blow out the dustyse a can of photography-grade compressed airot@ blt any
dust or debris that has accumulated inside thetipgimlevice. You might want to
do this in an open or outdoor area.

- Clean the rollersNotice that the mouse has three rollers: an Xmao#leY roller, and
a small pressure roller that keeps the ball preagathst the X and Y rollers. Use a



cotton swab dipped in isopropyl alcohol to cleahasfy layers of gunk that might
have accumulated on the rollers.

- Reassemble and te&llow everything to dry completely, then replace thall and
retaining ring. Then test the pointing device to duge that it is performing as
expected.

Troubleshooting a Pointing Device

The weakest link in a pointing system is the pesiph pointing device itself. Few
peripheral devices are subjected to the wear andrgkabuse seen by trackballs or mice.
They are dropped, yanked, and moved constantly fpteme to place. Damage to the
device’'s PC board, cabling, and connector is extgntommon because of abuse.
Accumulations of dust and debris can easily wotk e housing and create havoc with
the rubber ball, tracks, and rollers. Hardware koisfand driver-configuration issues can
also result in limitless problems. This part of ttt&pter guides you through some simple
troubleshooting techniques for your trackball armuse.

Mouse/Trackball Interfaces

From time to time, you might need to check the piatsnterface on a mouse or trackball.
At its core, the mouse uses a simple serial devibet-is, it can pass serial data back and
forth with the host computer using communicatiomtpcols managed by the mouse
driver. Three types of mouse interfaces are commaine field: serial mice, bus mice, and
PS/2 mice. This part of the chapter highlightsghmuts for each interface type.

Serial mice A “serial” mouse connects to an exgfRS5232 serial port at the PC (usually
COM1 or COM2) using a standard DB-9F (9-pin femade)DB-25F (25-pin female)
connector. Table 25-1 lists the pinout for a LoditeType M, V, or W serial mouse
connector. Bus mice In many circumstances, it ispossible to use a serial mouse on an
open COM port, and the PC is not fitted with a ARSJ&. In this case, it might be necessary
to use a “bus mouse,” which basically involves gsarstand-alone mouse-controller board
(a bus mouse controller) and a mouse fitted wibhug mouse connector—usually a male
sub-miniature “D”-type connector or a miniature e8IIN (circular) connector. Be careful
not to mistake the 9-pin DIN connector of a bus s®for the 6-pin circular connector of a
PS/2 mouse.

Symptoms

Symptom 25-1. The mouse cursor appears, but it mayes erratically as the ball moves
(if at all) This symptom might occur in either therizontal or vertical axis. This symptom
suggests that an intermittent condition is occgresomewhere in the pointing device. You
should not have to disassemble your computer dutimg procedure. Start your

investigation by powering down the computer. Chuk device’s cable connector at the
computer. Be sure that the connector is tight asdrted properly. If you are in the habit of
continually plugging and unplugging the mouse/ttatk excessive wear can develop in
the connector pins over time. If the connector dogsseem to fit tightly in the computer,

try a new pointing device.



More likely, the device’s rollers are not turnirgg, are turning only intermittently. In most
cases, roller stall is caused by a dirty or damdgll or an accumulation of dirt blocking
one or both sensors. Clean the ball and blow oytdaist or debris that might have settled
into the mouse/trackball housing. Refer to the @déty section on cleaning and attempt to
clean the device thoroughly. Never use harsh stdwenchemicals to clean the housings or
ball.

If you have the mouse connected to a standardl semamunication port (a COM port),

you should check that no other devices are usiagséme interrupt (IRQ). For example,
COM1 and COM3 use the same IRQ, while COM2 and CQkkre another IRQ. If you

have a mouse on COM1 and a modem on COM3, thefdealmiost invariably be a

hardware conflict. If possible, switch the mousedonflicting device) to another port and
try the system again.

844 Mice And Trackballs

FIGURE 25-7Configuring MouseKeys operation.

If no hardware conflict occurs, and cleaning does gorrect an intermittent condition,
remove the device’s upper housing to expose theo®d, and use your multimeter to
check continuity across each wire in the connectisgle. Because you probably will not
know which connector pins correspond to which weaeshe sensor PC board, place one
meter probe on a device’s wire and “ring-out” eaohnector pin until you find continuity.
Make a wiring chart as you go. Each time you findviee path, wiggle the cable to
stimulate any possible intermittent wiring. Repairy intermittent wiring, if possible. If
you cannot find continuity or repair faulty wiringimply replace the pointing device.

Symptom 25-2. One or both buttons function errdificgf at all) Buttons are prone to
problems from dust accumulation and general cormacbsion. Your first step should be
power down your computer and disconnect the pairdievice. Remove the ball and upper
housing to expose the PC board and switches. $psayall amount of electronics- grade
contact cleaner into each switch, then work eadtckwo circulate the cleaner.

If cleaning does not improve intermittent switchntacts, you might wish to check
continuity across the connecting cable. With thiédrad housing cover removed, use your
multimeter to check continuity across each wirethie connecting cable. Because you
probably do not know which connector pins corresptmwhich wires at the device, place
one meter lead on a device wire and “ring-out” eacmnector pin until you find
continuity.

Once you find continuity, wiggle the cable to stlate any possible intermittent wiring.
Repair any intermittent wiring if you can, or simpéeplace the pointing device.

Symptom 25-3. The screen cursor appears on thiagjdut it does not move If the cursor
appears, the device driver has loaded correctly #mel application program is
communicating with the driver. Your first step shbbe to suspect the serial connection. If
there is no serial connection, however, no pulséismwodify the cursor’s position. If you



find a bad connection, power down your computeoteefeattaching the device’s serial
connector, then restore power and allow the systerinitialize.

If the device is attached correctly to its properia port, the problem probably exists in
the pointing device’s wiring. Remove the ball amgper housing to expose the PC board,
then use your multimeter to check continuity acreash wire in the connecting cable.
Because you probably do not know which connectas porrespond to which wires in the
device, place one meter lead on a device wire and-but” each connector pin until you
find continuity.

Once you find continuity, wiggle the cable to stlate any possible intermittent wiring.
Repair any intermittent or open wiring if you can simply replace the pointing device.

Symptom 25-4. The mouse/trackball device drivesfa load The device driver is a short
program that allows an application program to as@efrmation from a pointing device.
Most computer users prefer to load their devicealls during system initialization by
invoking the drivers in the CONFIG.SYS or AUTOEXBAT files. Most drivers are
written to check for the presence of their respectievice first—if the expected device
does not respond, the driver will not be loaded imemory. Other drivers load blindly,
regardless of whether the expected device is preserot.

If the device driver fails to load during initiaéidon, your pointing device might not have
been detected. Power down your computer and chHezkconnection of your pointing
device. Ensure the device is securely pluggedtimgroper serial port (or other
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Mouse port). If the device is missing or incorrgcthserted, install or re-secure the
pointing device and allow the system to re-inigali If you see a “File not found” error
message displayed at the point your device drives supposed to load, the driver might
have been accidentally erased, might be corrumtedyight be located in a sub-directory
where the CONFIG.SYS or AUTOEXEC.BAT files are nobking. Try re-installing a
valid copy of your mouse device driver and enshi the driver is located where your
calling batch file can access it. Reboot your syste

Most well-designed application programs check foe presence of a pointing device
through the device driver during initial programeention. If the application program
aborts or fails to execute because of a “No moasad” or “No mouse driver” error,

return to the preceding paragraphs and recheattetiee and driver installation.

Symptom 25-5. You see a “General protection faaftér installing a new mouse and
driver under Windows First, this is probably nohadware fault (although it would be
helpful to check any mouse driver command line cws in CONFIG.SYS or
AUTOEXEC.BAT). It is more likely that the new moudever is conflicting with one or
more applications. Try several different applicatie-most will probably work just fine.
Check with the mouse manufacturer to see if theeeaay other reported problems, and
find if any patches are planned. If you have areoirsion of the mouse driver available,



try replacing that one. An older driver might nodbnk as well as a newer one, but it might
not suffer from this kind of compatibility problentt no patches or older drivers are
available, you might be forced to change the moaisé mouse driver to something
completely different to eliminate the problem.

Symptom 25-6. You see an error: “This pointer deviequires a newer version” In
virtually all cases, you have the wrong driver afisid on the system for your driver. Check
the driver and be sure that the driver you aregusrappropriate for the particular mouse.
For example, a Logitech or Genius mouse select®¥dimdows setup can cause this kind of
problem if you have a Microsoft mouse on the syst&@hange the mouse type under
Windows. Under Windows 95, you’ll need to remove tld mouse reference from the
Device managerthen use theAdd new hardwarewizard to install the new mouse
manually.

Symptom 25-7. You see an error: “Mouse port dishlde mouse not present” This is
almost always a connection or setup problem. Chigelsignal connector first. Be sure the
mouse cable is not cut or damaged anywhere, andhaedt is attached securely to the
serial or PS/2 port. Many newer system BIOS vessioow provide an option in the
CMOS setup for a mouse port. Check the CMOS setdpsae that any entries for your
mouse are enabled properly.

Symptom 25-8. The mouse works for a few minutesnthtops When the computer is
rebooted, the mouse starts working again. Thislpmoeloften plagues cutprice mice, and is
almost always caused by buildups of static in tloeise. The static charges are interfering
with the mouse circuitry, causing the mouse to segponding (though charges are not
enough to actually damage the mouse). There areraggnthree ways to resolve the

problem: (1) spray the surrounding carpet and wgtbo} with a very dilute fabric softener

to dissipate static buildup, (2) hire an electndia ensure that the
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Computer and house wiring are grounded properly3breplace the mouse with a more
static-resistant model.

Symptom 25-9. You attempt a doubleclick but get dyupleclick, or you attempt a
singleclick and get a doubleclick This is a phenoamecalled “button bounce,” and is the
result of a hardware defect (broken or poorly ngffiemouse buttons).

You might be able to clean the mouse buttons bgyspg in some good-quality electronic-
grade contact cleaner. Otherwise, you'll need ptaiee the mouse outright.

Symptom 25-10. A single mouse click works, but dealick doesn’tWhen this problem
occurs, it is almost always because the “doubledjeed” is set too high in the Windows
95 mouse control panel. Try setting it lower. Cligtart selectSettings then open the
Control panel Doubleclick theMouseicon and adjust th®oubleclick speedlider under
theButtonstab.



Symptom 25-11. A PS/2 mouse is not detected bytebook PC under Windows 95 There

is a known problem with PS/2 mouse detection onoahiba portable computer under

Windows 95. You can usually correct the problenadkyng the following steps:

1. Shut down the computer entirely and physicalgcannect the PS/2 mouse from
the PS/2 port.

2. Restart the PC to the DOS mode and create bauips of your CONFIG.SYS
and AUTOEXEC.BAT files.

3. Restart Windows 95 (reboot the PC, if necessary)

4. Click Start, selectSettings open theControl panel and doubleclick on th8ystem
icon.

5. Select th®evice managetab and doubleclick thiglouseentry.

6. Select the mouse entry that is not being dede@te., “Toshiba AccuPoint”), and

click Remove

Select and remove any other mouse entries.

Shut down the computer and reconnect the moluse turn the PC back on.

When the system reboots, it should detect thasm@nd attempt to reinstall the
appropriate drivers. If this doesn’t fix the pramblea hardware issue could exist.
Try a different PS/2 mouse (preferably from a maotifrer different than the
current one). If a different make and model PS/diseodoes not work, the PS/2
port might require service.
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Symptom 25-12. Mouse pointer options are not saved is a known problem when you
use the “extra points” features in the Mouse Mangagegram included with the Microsoft
Mouse driver. The pointer options are not savewvigiten to the MOUSE.INI file when
you are running a virus-protection program, suchMisrosoft Anti-Virus (MSAV) or
Norton Anti-Virus (NAV). To correct this problem,emove the CHKLIST.MS or
CHKLIST.CPS file in the directory, which containlset mouse files. To determine the
location of that directory, type “set” at the MS-B@ommand prompt—it will return a list
of locations of various files and memory stringsok for the MOUSE=
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Line, then go to that directory and delete the CHKILMS or CHKLIST.CPS file. Reboot
the system and try saving options again.

Symptom 25-13. Clicking the right mouse button ddtestart the default context menus of
Windows 95 If the Mouse Manager software you'rening is using an assignment set for
the right button, this assignment will override iendows 95 default setting of “context

menus.” Open the Mouse Management software utlity change the assignment for the
right button to “Unassigned.” Save your changes fight mouse button will now access
the default context menus.

Symptom 25-14. The modem won't start after ingtgllhew mouse software For example,
this is a known problem when installing LogitectMouseWare 6.60 (or later) under
Windows 95. Sometimes the mouse drivers might détecmodem as a second mouse and
try to initialize it. This can cause the modem toigto a busy state. However, you can
prevent the mouse drivers from searching the spodlthat the modem is using:



Download the current mouse driver for Windows 95

Edit the Windows 95 registry by clicking on tB&rtmenu and selectingun

Type “C:.EXE” on thépenline.

Click OK. The Registry Editor program will start.

Doubleclick on thélKEY_LOCAL_MACHINHEolder.

Doubleclick on th&oftwarefolder.

Doubleclick on the manufacturer’s folder (ileogitech).

Doubleclick on the manufacturer’s driver foldee., MouseWare).

Doubleclick on th€urrentVersiorfolder.

Click on theGlobalfolder.

Let’'s assume the mouse is on COM1 and the maslerm COM2. On the right side

of the screen will be a list of value data stririgeubleclick on thd?ortSearchOrde

string. An Edit string dialogue box will appear. Th¥alue dataline will read:

COM1, COM2

12. Remove the space, the comma, and “COM2,” stirteegeads: COM1

13. If you only plan to use one mouse on the systdmnge thevlaximum Devices
value data line to “1” using the same steps. Thilstell the driver to stop searching
for additional mice after the primary mouse hasbeend.

14 . ClickOK, and the values under the data value sectioneright side of the screen

should change. Exit the registry editor (savingaigomatic). Shut down the

computer and reboot from a cold start so that ybanges can take effect.
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If you are not using a serial mouse, remove “Skfiam the “SearchOrder” value data line
so that no serial devices are searched for ainafleneral, remove any reference to the port
that the modem is using.

Symptom 25-15. A two-button “First Mouse” refuseswork on a Packard Bell system
The pointer doesn’t move, but Windows 95 did ngioré any Proble m detecting the
mouse. This is a known problem with some Packarnd &enputers and the two-button
“First Mouse” serial version (M/N: M34). It mightelpossible to work around the problem
by pressing <CtrI>+<Esc> to open tlgtart menu. Using the arrow keys, highlight
Settings then Control pane] and press the <Enter> key. Select Mheuseicon with the
arrow keys, and press the <Enter> key. This wikmopheMouse propertieslialog box.
“Tab over” to theQuick setugab. Then, (using the right arrow key) open Brevicestab.
Once on théDevicestab, “Tab over” to theAdd mousdutton and press the <Enter> key.
The mouse-control software should now detect tlelutton serial mouse, and the pointer
should now move properly. Unfortunately, you'll de® perform this procedure each time
you restart the system. Otherwise, you should tsplding the built-in serial port and
install a different serial card.

You might also exchange the serial version for &2P&rsion, if your system has a
dedicated PS/2 style mouse port (be sure to utlinb& mouse software if you plan to
exchange the mouse). Go to the WindowsCamitrol paneland launch theAdd/remove
programsicon. Select the mouse product (i.e., “Logitech B®are”) and click on the
Add/removédutton. When the message “Uninstall Completed” appeeboot the system.



Symptom 25-16. A Logitech three-button mouse refuse work on a Packard Bell
computer You install a Logitech three-button moose Packard Bell computer, and when
you open thé&enhanced mouse control centar theDevicestab, it states: “Pointing device
on unknown port.” It also shows only a two-buttouse. In virtually all cases, you'll
need to tweak the Registry:

1. Click on theStartmenu and sele®un

2. Type “C:..EXE” on thé@penline.

3. Click OK. TheRegistry editoprogram will start.

4, Open theHkey Local_Machinennnn¥older (where<nnnn> is an incremental
fourdigit number starting at 0000).

5. Click on each folder under tiMousefolder and delete them until no 000X folders
remain.

6. Exit the Registry (saving is automatic) and mlibe system from a cold start.

7. Open theEnhanced mouse control center verify the correct detection of the

pointing device.

Symptom 25-17. The mouse pointer moves only vdl§icEhe mouse is connected to a

PS/2 port under Windows 95. If the mouse works @lone axis but not the other, it's

usually because of a hardware problem—either thesemoeeds to be cleaned or repaired.
However, in some cases a software-configuratiorblpro can occur when the mouse
driver (i e., Mouse Power v9.5) is installed onyatem with Plug-and-Play BIOS running

Windows 95, and the mouse is connected to the BXl2-mouse port. As soon as you

touch the mouse, the pointer darts over the riglgeeof the screen, and then will move
only up and down.

1. To regain control over your computer, rebodbaiemode.

2. Click Start thenRun then type “REGEDIT” and press <Enter>.

3 Open theHKEY_LOCAL_MACHINEfolder and see if “BIOS” is listed under
Enum. If it is, then you know the software configtion is causing the problem.

4. OpenHKEY_LOCAL_MACHINEPNPOF13nd look for a key (usually “05” or
“07”) under “*PNPOF13.” Click on this key to higight it. The key under
“*PNPOF13” should now be highlighted, and the cep@nding values should be
displayed on the right side of the window. Notibatt“string values” have an “ab”
icon next to them and “binary values” have a “0ikbn next to them.

5. Compare your values to those shown. Edit yotniesnuntil all your values shown
on the screen match these values:

6. Open HKEY_LOCAL_MACHINE. There should be mulegpkeys under Mouse
(such as “0000” and “0001”). All but one are to teleted. Carefully determine
which one pertains to your current mouse (by loglkah the values associated with
each key), and delete all keys under Mouse, exbeptlated one.

7. Be sure that the one remaining key under Mosdehielled “0000” (rename it, if
necessary).

8. Click on theX box in the far upper-right corner of the Registtjter to close it.

9. Reboot the computer from a cold start. The cderpshould reboot in normal

mode, and the problem with the mouse and keybdardld be gone.
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Display System failure— Symptoms and Troubleshootm

Introduction
From their humble beginnings as basic monochromtedieplays, themonitor (Fig. 27-1)
has grown to provide real-time photo-realistic ies@f unprecedented quality and color.

Monitors have allowed real-time video playbacknsing graphics, and information filled
illustrations to replace the generic “command lineér interface of just a few years ago. In
effect, monitors have become our “virtual windowta the modern computer.

With many millions of computers now in service, #gsnomical maintenance and repair
of computer monitors represents a serious challéagechnicians and hobbyists alike.
Fortunately, the basic principles and operationa obmputer monitor have changed very
little since the days of “terminal displays.” Tlubapter explains the basic concepts behind
today’s computer monitors, and provides a crosieseof troubleshooting procedures.

Pixels And Resolution

The picture element (or pixel) is the very smalfgsint that can be controlled on a CRT.
For monochrome displays, a pixel can simply beddron or off. For a color display, a
pixel could assume any of a number of differenbrlPixels are combined in the form of
an array (rows and columns). The size of the paxedy defines the display’s resolution.
Thus, resolution is the total number of pixels it by the total number of pixels in
height. For example, a typical EGA resolution i xels wide by 350 pixels high (a total
of 224,000 pixels), and a typical VGA resolutior640 pixels wide by 480 pixels high (a



total of 307,200 pixels). Typical Super VGA (SVG#Hsolution is 800 pixels wide by 600
pixels high. Resolution is important for computeomnitors because higher resolutions
allow finer image detail.

Troubleshooting a CRT

In spite of its age, th€athode-Ray Tube (CRTpntinues to play an important role in
modern computer monitors. There are some very itapbreasons for this longevity.

First, the CRT is relatively inexpensive to makad at requires only simple circuitry.
Second, the CRT is extremely reliable. Typical vingklives can extend to 10 years or
longer. This combination of low-cost, ease of opera and long-term reliability has
allowed the CRT to keep pace with today’'s persamhputers. However, CRTs are
certainly not perfect devices—the delicate assezabliithin the CRT used to generate and
direct electron beams can eventually open, shartitj or wear out. Like most classic
vacuum tubes, CRT failures often occur slowly cwv@eriod of weeks or months. This part
of the chapter shows you the assemblies in a typmar CRT, explains the faults that
often occur, and offer some alternatives for degiuith CRT problems.

Inside The CRT

Before reading about CRT problems, you should leavenderstanding of the color CRT
itself. Figure 27-11 shows a cross-section of acajpcolor CRT. To produce an image,
electron beams are generated, concentrated, aatatiracross a phosphor-coated face.

When electron beams (which are invisible) strikegghor, light is liberated—this is the
light you see from the CRT. The color of light istermined by the particular phosphor
chemistry. Notice that there are three electrom&jun the color CRT: a beam for red, a
beam for green, and a beam for blue.

Electron beams start with a heater wire. When enedgthe heater becomes extremely hot
(this is the glow you see in the CRT neck). Thet ffreen a heater warms its corresponding
cathode, and a barium tip on the cathode beginglirfgooff” electrons. Ordinarily,
electrons would simply boil off into a big, clumsjoud. But because electrons are
negatively charged, they will be attracted to aaggé positive potential. A moderate
positive potential (+500 V or so) on the screem gtiarts accelerating the electrons down
the CRT’s neck, while the control grid voltage lismithe electrons—effectively forcing the
unruly cloud into a beam. Once electrons passc¢heen grid, a high positive potential on
the CRT anode (anywhere from 15 to 30 kV) rockie¢sdlectrons toward the CRT face.

The beam is still rather wide, so a focus grid egsphnother potential that concentrates the
beam. All this is very effective at generating oarr high-velocity electron beams. But
unless you want to watch a big, bright spot inrthddle of the CRT, there has to be some
method of tracing the beams around the CRT fBeam tracings accomplished through
the use of deflection magnets placed around the @BJk—these magnets (actually
electromagnets) are heavy coils of wire where ti&T Gunnel meets the neck. Four
electromagnets are in this “deflection assemblwo bpposing electromagnets direct the
beam in the vertical direction, and another satpgosing magnets direct the beam in the
horizontal direction.



Using electrical signals from the monitor’s rastgcuits, an electron beam can trace across
the entire CRT face. Another element of the CRT ¥o&n should understand is called the
shadow maskA shadow mask is basically a thin metal sheeh witseries of small holes
punched into it. Some CRTs use a mask of rectangpkenings referred to as aperture
grille or slot mask Both types of mask perform the same purpose—sorrenthat electron
beams strike only the color phosphors of the intengdixel. This is a vital element of a
color monitor.

In a monochrome monitor, the CRT is coated withirgle homogeneous layer of
phosphor— if stray electrons strike nearby phosaoticles, a letter or line might simply
appear to be a bit out of focus. For a color CRA@wéwver, stray electrons can cause
incorrect colors to appear on nearby pixels. Mas#p to preserve color purity. Color
purity is also aided by @urity magnet which helps correct fine beam positioning. A
convergence magnéielps ensure that all three electron beams meetofoverge) at the
shadow mask.

Of course, grids, heaters, and cathodes are aditddcinside the glass CRT vessel.
Electrical connections are made through a circaleangement of sealed pins in the neck.
Table 27-2 explains the designations for eachR@member that the high-voltage anode is
attached directly to the CRT in the top right pairthe glass funnel. Also remember that
some CRT designs might use additional pins.

Identifying CRT Problems

CRTs enjoy a long, reliable working life becauseréhare really no moving parts—merely
a set of stationary metal elements. However, thangement of grids and cathodes are
located in very close proximity to one another. $tt8 shocks can dislodge elements and
cause sudden short circuits. Eventually, regular wil alter the physical dimensions of
cathodes and grids (resulting in the developmeatsibwer, more gradual short-circuit).

The stress of regular wear can also cause opantsiin the heater, cathode, or grid.

When considering a CRT replacement, you should mepee that the CRT is typically the
most expensive part of the monitor. For larger rraygj the CRT becomes an even larger
percentage of the monitor's overall cost. In maages, the cost for a replacement CRT
approaches the original cost of the entire monAsra consequence, you should carefully
evaluate the economics of replacing the CRT vepsiygng a new monitor outright.

Symptom 27-1. Heater opens in the CRT Each timéhdaer runs, it expands. When the
CRT turns off, the heater cools and contracts agghms regular thermal expansion and
contraction might eventually fatigue the heater eaadse it to open. You will see this as a
complete loss of the corresponding color. Becagseens are all tied together electrically,
there is no way to measure a particular heatecttijrebut you might see only two glowing
heaters in the CRT neck, instead of three. An dyg=ter cannot be recovered, and the only
available alternative is to replace the CRT itself.



Symptom 27-2. Heater shorts to a cathode in the CRi$ is not as strange as it might
seem at first. To heat a cathode effectively, teatér must be extremely close to the
cathode—especially to the barium element that dgtliderates the electrons.

Over time, the heater might develop accumulatidnsoorosion, which might eventually
cause the heater to contact the cathode. In théwis/should never happen because the
inert low-pressure gasses inside the CRT shouldeptehis. But in actuality, some small
amount of oxygen will still be present in the CRihd oxidation might occur. A shorted
heater will cause the electron gun to fire at pdiver—in effect, the electron gun will be
stuck “on.” The image will appear saturated wita tolor of the defective electron gun.

For example, if the blue heater shorts to the chthe image will appear to be saturated
with blue. You will also likely see visible retratiees in the image. You can verify this
problem by removing all power from the monitor, manmg the video drive board from the
CRT'’s neck, and measuring the resistance betwderater wire and the suspect cathode.
For the CRT pinout listed in Table 27-2, you coalkck the blue cathode by measuring
resistance between the KB and H1 (or H2) pins.lligean infinite resistance should be
between the heaters and cathodes. If there is madsuresistance (or a direct short-
circuit), you have found the problem. If the resiste measures infinity, as expected, you
might have a defect on the video drive board.

Symptom 27-3. Cathode shorts to the control grithen CRT A cathode can also short-
circuit to the control grid. Often, corrosion flakeff the cathode and contacts the control
grid. When this happens, the control grid loseseftectiveness, and the corresponding
color will appear saturated. This symptom will agpeery much like a heater short.
Fortunately, you should be able to verify this peolb with your meter by measuring
resistance between the control grid and the susjalbde. Ideally, an infinite resistance
should be between the control grid and all cathollg®u read a measurable resistance (or
a direct short-circuit), chances are good that g@tdcing a cathode-to-control grid short.

Symptom 27-4. One or more colors appear weak Brascommon symptom in many older
CRTs. Over time, the barium emitter in your catrsoddl wear out or develop a layer of
ions (referred to asathode poisoning which inhibit the release of electrons.

In either case, the afflicted cathode will loseiggdihcy, resulting in weakened screen
colors. Typically, you might expect all three calbe to degrade evenly over time—and
they will—but by the time the problem becomes se&i@nough for service, you will

usually notice one color weaker than the othery. ificreasing the gain of the afflicted

signal on the video drive board. If the cathodéenteed afflicted, increasing signal gain
should not have a substantial effect on the cohighiness, and you should consider
replacing the CRT.

Symptom 27-5. CRT phosphors appear aged or \WRtiwsphorsare specially formulated

chemicals that glow in a particular color when &atiby a high-energy electron beam.
Typically, phosphors will last for the lifetime tfie monitor, but age and normal use will
eventually reduce the sensitivity of the phosphdie—eld CRTs, you might see this as



dull, low-contrast colors. Perhaps a more dramatoblem occurs with “phosphor burn,”
which occurs when a monitor is left on displayihg same image for a very long period of
time. If you turn the monitor off, you can see thtent image burned onto the CRT as a
dark shadow. In both cases, there is no way toveemte phosphors, so the CRT will have
to be replaced. You can advise customers to pralbedife of their CRT by keeping the
brightness at a minimum and using a screen-saay,uf an image will sit unchanging
for a long time.

Symptom 27-6. The CRT suffers from bad cutoff @.kbad gamma) On a CRT, color
linearity is a function of the cathode’s ability &adljust the level of electron emission—in
other words, beam intensity must be linear aclos®nhtire range of the
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Video signal (e.g., 0 to 20 V or 0 to 50 V). Aslwades age, however, they tend to become
non-linear. When this happens, images tend to @é&iack and white,” rather than display
a smooth transition of colors. Technicians ofteferr¢o this as a “gassy” CRT, which is
actually a CRT gamma problem. In addition to cathaekar, control grid failure can
adversely affect beam intensity. Symptom 27-7. ¢twetrol grid in the CRT is open The
control grid is used to limit the beam intensityoguced by a cathode by applying a
potential on the grid. Occasionally, you will findat a control grid might open. In that
case, there is no longer a potential availableotutrol the beam intensity, and the beam
will fire at full intensity. At first glance, you mght think this is a cathode-to-control grid
short or a heater-to-cathode short. But if you téind a short with your multimeter, the
control grid is probably open, and the CRT will bdwe be replaced.

Symptom 27-8. The CRT screen grid is open The scgeel plays an important role in
image brightness by accelerating the electron beamard the CRT phosphors. If the
screen grid opens, no potential will be availablé¢gin accelerating the beam. This will
result in a very dark image—even with the screeltage at maximum. You might think
this is a control-to-screen grid short, but if yoan't find the short with your multimeter,
the screen grid is probably open, and the CRThaille to be replaced.

Symptom 27-9. The CRT focus grid is open A focus gssembly concentrates electron
beams into narrow pinpoints by the time the beaawhes the shadow mask.

Typically, a focus control is located around thgéck transformer. If the focus grid fails,
the image will appear highly distorted, and theuadjustment will have no effect. When
a focus grid fails, the entire CRT will have toreplaced.

Symptom 27-10. The control grid shorts to the strged in the CRT The same flakes of
oxidation that can short a cathode to the contrial gan also short the control grid to the
screen grid. The screen grid starts acceleratiagetectrons toward the CRT face. If the
screen grid is shorted, it will reduce the enengyparted to the electrons— in effect, a
shorted screen grid will significantly reduce thee@ll image brightness (even with the
brightness at maximum). In extreme cases, the inmaigat disappear entirely. You can



measure the screen grid voltage at G2, which tilgicans from 250 to 750 V in normal
operation. If the voltage is low (even with theesar grid control at maximum), power
down the monitor, remove the video drive board frdm monitor's neck, restart the
monitor, and measure the screen voltage agaihelétreen voltage returns to normal, you
can be confident that the screen grid is shortescreen voltage remains low, you might
have a fault in the screen voltage circuit. You e#so verify a short between the control
and screen grids by powering down the monitor aedsuring resistance between the G1
and G2 pins on the CRT neck. Ideally, it shouldgbenfinite resistance.

Troubleshooting a Color Monitor

Any chapter about monitor troubleshooting musttstath a reminder of the dangers
involved. Computer monitors use very high voltafpggproper operation. Potentially lethal
shock hazards exist within the monitor assembly-krdoim ordinary ac line voltage, as
well as from the CRT anode voltage developed byflimack transformer. You must use
extreme caution whenever a monitor's outer housargsremoved. If you are uncomfort
able with the idea of working around high voltagdsfer your troubleshooting to an
experienced technician.

Symptom 27-35. The image appears to flip or sarettically A synchronization problem

is in your vertical raster circuit. Begin by cheofithe video cable to be sure that it is
installed and connected securely. Cables that leeim@rmittently (or that appear frayed or
nicked) should be replaced. If the cable is intaggpect that the problem is in your vertical
circuit. If a vertical-sync (or “vertical hold”) aastment is on the raster board, adjust it in
small increments until the image snaps back intsyf no such adjustment is on your
particular monitor, try resoldering all of the caations in the vertical-processing circuit.
If the problem persists, replace the vertical dsi@t IC or replace the entire raster board.

Symptom 27-36. The image appears to shake or a®cil size This might occur in bursts,
but it typically occurs constantly. In most cast#ss is caused by a fault in the power
supply—usually the 135-V (B+) output. Try measurymyr power-supply outputs with an
oscilloscope and see if an output is varying alentp the screen-size changes. If you
locate such an output, the filtering portion ofttbatput might be malfunctioning.

Track the output back into the supply and replatg defective components. If you are
unable to isolate a faulty component, replace tbeego supply. If the power supply is
integrated onto the raster board, you might haveptace the raster board entirely.

If the outputs from your power supply appear tostable, you should suspect that a weak
capacitor is in your horizontal circuit. Try resetthg the FBT, HOT, and other horizontal
circuit components to eliminate the possibility afsoldering problem. If the problem
remains, you will have to systematically replace tlapacitors in the horizontal circuit. If
you do not have the time or inclination to replagdividual components, replace the raster
board outright.



Here’s an unusual problem. The shaking you see tnbghrelated to a problem in the
degaussing coil located around the CRT funnel. famly, the degaussing coil should
unleash the most of its energy in the initial moteeafter monitor power is turned on.
Thermistors (or posistors) in the power supply Ryiciminish coil voltage—effectively

cutting off the degaussing coil’'s operation. A fam the degaussing-coil circuit (in the
power supply) might continue to allow enough powerthe coil to affect the image’s
stability.

Try disconnecting the degaussing coil. If the peoblremains, the degaussing coil is
probably operating properly. If the problem disage a fault is in the degaussing-coil
circuit.

Symptom 27-27. The fine detail of high-resolutialaghic images appears a bit fuzzy At
best, this kind of symptom might not appear notieeavithout careful inspection, but it
might signal a serious problem in the video amgditircuit.

High resolutions demand high bandwidth—a video #@eplmust respond quickly to the
rapid variations between pixels. If a weakneshatideo amplifier(s) occurs, it can limit
bandwidth and degrade video performance at higblugsns. The problem will likely
disappear at lower resolutions.

The particular problem with this symptom is thatidtalmost impossible to isolate a
defective component—the video amplifier board igkimy. As a result, your best course
of action is to first check all connectors for secinstallation. Nicked or frayed video
cables can also contribute to the problem. If tiheblem remains, replace the video
amplifier board.

Symptom 27-28. The display changes color, flickersguts out when the video cable is
moved Check the video cable’s connection to theewiddapter at the PC—a loose
connection will almost certainly result in suchemittent problems. If the connection is
secure, an intermittent connection is in the vidable. Before replacing the cable, check
its connections within the monitor itself. If commtiens are intact, replace the intermittent
video cable outright. Do not bother cutting or sjolg the cable—any breaks in the signal
shielding will cause crosstalk, which will resuitaolor bleeding.

Symptom 27-29. The image expands in the horizoditaiction when the monitor gets
warm One or more components in the horizontal cetr@rcuit are weak—and changing
value a bit once the monitor gets warm. Turn offl amplug the monitor. You should
inspect any capacitors located around therizontal Output Transistor (HOT)The
problem is that thermal problems, such as this,beaaxtremely difficult to isolate because
you can’t measure capacitor values while the momstounning; after the monitor is turned
off, the parts will cool too quickly to catch a theal problem.

It is often most effective to simply replace seVarfathe key capacitors around the HOT
outright. If you don’t want to bother with individicomponents, replace the raster board.



Symptom 27-30. The image shrinks in the horizodii@ction when the monitor gets warm
This is another thermal-related problem that inisaeither a weakness in one or more
components or a mild soldering-related problemnTaff and unplug the monitor. Start by
checking for a poor solder connection—especiallyuad the horizontal deflection yoke
wiring, the Horizontal Output Transistor (HOT)and the flyback transformer. If nothing
appears obvious, consider resoldering all of thmpmnents in the HOT area of the raster
board. If problems continue, suspect that a failsren the HOT itself. Semiconductors
rarely become marginal—they either work or they’'tdd@till, semiconductor junctions can
become unstable when temperatures change, and mesufcuit characteristic changes.
You could also try replacing the HOT outright. dtalso possible that one or more mid-
range power-supply outputs (i.e., 12 or 20 V) agging when the monitor warms up. Use
a voltmeter and measure the outputs from your paupply. If the 12- or 20-V outputs
appear to drop a little once the monitor has beening for a bit, you should troubleshoot
the power supply.

934 Monitor Troubleshooting

Symptom 27-31. High-voltage fails after the moniwarm A large number of possible
causes are behind this problem, but no matter pérautation you find, you will likely be

dealing with soldering problems or thermal-relafedures. Turn off and unplug the
monitor. Inspect the HOT’s heatsink assembly—a $a@lder connection might be on the
heatsink ground. An open solder connection mightoheone or more of the flyback
transformer pins. If you cannot locate a faultydeoing connection, you might simply
choose to re-solder all of the connections in Wiealck area.

If the problem persists, suspect that either yoOitbr flyback transformer is failing under
load (after the monitor warms up). One possible maeaf isolating the problem is to
measure pulses from the HOT output with your assdbpe. If the pulses stop at the same
time your high-voltage fails, you can suspect that problem is with your HOT or other
horizontal components. Try replacing the HOT. ghvoltage fails but the HOT pulses
remain, your flyback transformer has likely fail@&eplace the flyback transformer.

If you do not have an oscilloscope, try replacihg HOT first because that is the least-
expensive part, then replace the flyback transforiheecessary.

In the unlikely event that both a new HOT and flglodransformer do not correct the
problem, carefully inspect the capacitors in theTHsrcuit. One or more might be failing.

Unfortunately, it is very difficult to identify a arginal capacitor (especially one that is
suffering from a thermal failure). You might tryptacing the major capacitors in the HOT
circuit or replace the raster board entirely.

Symptom 27-32. The image blooms intermittently &ngount of high voltage driving the
CRT is varying intermittently. Because high voltagerelated to the HOT circuit and
flyback transformer, concentrate your search is¢htovo areas of the raster board.

Examine the soldering of your HOT and FBT connewie-especially the ground
connections, if you can identify them. You might tesoldering all of the connections in



those areas (remember to turn off and unplug thaitorobefore soldering). A ground
problem might also be on the video amplifier boavdich allows all three color signals to
vary in amplitude. If this happens, the overallghthess of the image changes, and the
image might grow or shrink a bit in response. Tegaldering connections on the video
amplifier board.

If the problem remains (even after soldering), y&iBT might be failing—probably
because of an age-related internal short. High#estl equipment, such as Sencore’s
monitor test station provides the instrumentatmtest a flyback transformer. If you do not
have access to such dedicated test equipment, leoviewreplacing the FBT assembly.

If you do not have the time or inclination to dealh component replacement, replace the
raster board outright. In the unlikely event thatiyproblem persists, suspect a fault in the
CRT itself. If you have access to a CRT testenmapator, you can check the CRT’s
operation.

Some weaknesses in the CRT might be correcte@dat temporarily) by rejuvenation. If
the fault cannot be corrected, you might have péae the CRT.

Symptom 27-33. The image appears out of focus Besaspecting a component failure,
try adjusting the focus control. In most cases, ftoeis control is located adjacent to the
flyback transformer. Remember that the focus cérdhould be adjusted with brightness
and contrast set to optimum values—excessivelyhbiigages might lose focus naturally.
If the focus control is unable to restore a propeage, check the CRT focus voltage. In
Fig. 27-9, you can find the focus voltage off ebfigk transformer tap. If the focus voltage
is low (often combined with a dim image), you miglatve a failing FBT.

It is possible to test the FBT if you have the salesed test instrumentation; otherwise,
you should just replace the FBT outright. If yoaKdhe time or inclination to replace the
FBT, you can simply replace the raster board.

If a new FBT does not resolve your focus probleogpect that a fault is in the CRT—
probably in the focus grid. You can use a CRT tégfj@venator to examine the CRT, and
it might be possible to restore normal operatiani€ast temporarily). If you do not have
such equipment, you will simply have to try a neRTC Symptom 27-34. The image
appears to flip or scroll horizontally A synchraation problem is in your horizontal raster
circuit. Begin by checking the video cable to beesthat it is installed and connected
securely. Cables that behave intermittently (ot @yapear frayed or nicked) should be
replaced. If the cable is intact, suspect a problegour horizontal circuit. If a horizontal-

sync (or “horizontal hold”) adjustment is on thetex board, adjust it in small increments
until the image snaps back into sync. If no sudglisathent is on your particular monitor,
try resoldering all of the connections in the hontal-processing circuit. If the problem
persists, replace the horizontal oscillator ICaeplace the entire raster board.
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If the monitor appears to be totally dead, then enstkre that the monitor is plugged in and
turned on, and see if it has power.

Check for a power-on indicator on the front of thenitor, and check to see if the monitor
warms up.

Select the appropriate general failure troubleshggbrocedure outlined below, based on
whether or not the monitor appears to have power.



Symptom

The monitor appears
not to be working at all.

There are no indications
that the monitor has any
power

The display makes a
squealing or other loud
noise

The screen is black and
completely blank

The display doesn't fit
properly on my monitor

OR

The text or resolution is
the wrong size

Remedy

+ Make sure that the electrical outlet is working, toying
another appliance in the socket and seeing if itkaolf the
socket does not work, you will need to consult kEttecian
to have it fixed.

« Check any power protection devices that the momiaght
be plugged into, to ensure that they are working.
Troubleshoot any problems here.

- Make sure the power cable is connected securely igrd
undamaged. Try replacing the cable with another one

« If the monitor has a switch to select between 1&ld &nd
220 volt operation, make sure it is set to the esxdrvalue.
This switch will normally be on the outside of thnitor at
the back, near where the power cord connects.

The fan on the graphics card may need to be cleaned
it may be failing. The fan on most cards is not
replaceable.

« Check that the monitor is turned on. Most havehtlto
indicate power and another to indicate that it is
receiving a signa;l from the PC.

+ Check that the video cable's connectors are sgcanel
properly fastened to the graphics card and on sbme
models to the monitor.

« Check that no pins are bent or miossing from the
connector.

« Unplug the PC and make sure the graphics card is
securely and properly installed into it's slot.

- The resolution is not set correctly in Windows. i@Gto
the display settings in the Control Panel, and ghahe
resolution settings.

- The monitor may have controls that allow you touatlj
the size and position of the display. Use the noo'sit
controls to move or resize the display.

« You may need to install a different or updated eirifor
your graphics card and/or monitor.



Symptom Remedy

The display seems to
flicker

The colors don't look
right

The display 5
completely unreadable

Reset the display's refresh rate in the Windowsti@bn
Panel. Do not use a refresh rate that is not stggbdry
your monitor or damage may result.

The color depth is not set correctly in Windows. iGio
the display settings in the Control Panel, and ghahe
resolution settings.

You may need to install a different or updated elrifor
your graphics card and/or monitor.

The color depth and/or resolution is not set cdlyan
Windows. Go into the display settings in the Cohtro
Panel, and change the resolution settings.

You may need to install a different or updated elrifor
your graphics card and/or monitor

Replacing a Graphics card

Once the graphics card is suspected to be defedtiieealways better to replace the card
with an identical one. The procedure for repla@rgyaphics card is given below :

1. Unplug the PC
2. Remove the cover
3

. Identify the slot where the graphics card is modnta most cases it will the the
larger (AGP) slot closest to the CPU.

4. Replace the graphics card as shown .
the figure. Align the card over the slqt
with the video connection facing towar

the outside of the PC

5. Set the card into the slot and press do
firmly. Make sure the mounting brackg

is properly aligned with any slot that i A s e

might be present. It may be necessary|t
gently rock the card from end to end {@
secure it in the slot. The gold contacts [at*
the bottom of the card should nearly or

completely disappear into the slot. The card shbeltevel and straight.
6. Secure the graphics adapter mounting bracket tocdke with a screw as shown in

the figure.



Replace the cover

Connect the video connector from your monitor te tonnector on the graphics
card

9. Pluginthe PC

=

© N

Follow the manufacturer's instructions for instailithe software. Windows will detect the
graphics adapter and start the hardware wizardlgifollow the prompts.

After everything is working, you can go back inb@ tWindows Control Panel and reset the
resolution and refresh as recommended by the metowéa of the monitor.
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Windows Display Properties

Microsoft Windows has a built in feature allowinguwa wide range of control over the
visual display. This feature is called the DispRwpperties Panel. Once you have learned
how to manage the Display Properties Panel, yolu heilable to shrink or enlarge text,
modify system colors and fonts, or even changerélselution of the display itself. Let's
start by familiarizing ourselves with the ways taually summon up the panel.

Opening the Display Properties Panel

There are two basic ways to open the panel. Tseifirto click on the start button, then
select Settings > Control Panel. When the contanlep window opens on the screen, find
and then double-click the "Display" button.

The second, faster way to open the panel is td rnighuse click on any empty portion of
the desktop and then select "Properties” from tbp-down menu.

Active Deskiop #

Arrange lcons . b
Line lUp lcons
Refresh

Faste




The Layout of the Panel

When you have successfully opened the display ptiepgpanel, you should see a variety
of options on the panel and six "tabs" acrossdbpelhackground, screen saver, appearance,
effects, web & settings.(for windows ME. The numlaexd name of the tabs may vary
slightly with other versions of windows.)

Background

In the background tab, which is the default when ficst open the panel, you have the
ability to set a background image or pattern fa wWindows desktop. You may select an
image from the list on the left or, if you haveaadrite image which does not appear on the
list, you may select an image from anywhere elsgonage by usinthe "browse'feature.
Once you have selected an image, you can use thdgwn menu on the right to select
whether you would prefer for it to float in the ¢tenof the display, be stretched so as to fill
the entire display, or be tiled to cover the digpdaea. If you would rather have your
desktop background be a solid color than an imsgkect "none" from the list. You will
soon learn how to change the color.

Dizplay Propertias
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Select a background picture or HTML document as \Wallpaper,
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¥r]Black Thatch
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Screen Saver

This tab allows you to select what your computdf da when it has been idle
for acertain amount of time. You can choose from thiedisnstalled screensavers in the
pull-down menu. Each screensaver has it's owmgsttnenu which you should feel free to
explore and experiment with, but generally you domeed to change the settings.

Display Properties

Background. Screen Saver L.ﬁppem&nm| Effacts | Wab | Sattings |

Scraan Saver
Er—— |

Enengy seang features of monilor

To adjust the power sefings farvour monitor, click
o

Setings. I

The preview button will allow you to see how yogreen saver looks without waiting for
it to turn on. The second line of controls for Hween saver allow you to set the wait time
before the screen saver is activated and allowsty@pecify whether or not a password
will be required to re-activate the computer frooregn saver mode. Chances are the
"password protected" checkbox will be empty when ppen the panel, if you check it
then the button labeled "Change" will no longergoayed out and can be used to set the
password. For most computers, screen saver passwagdot necessary unless security is
a large concern. If you do choose to set a scraeer password, it is recommended that
you choose a reasonably long wait period(15 minateasore). If you have a monitor with
energy saving features then there will be a seamution of the screen saver tab with
options specific to your monitor. Generally, thex@o reason to change these options.



Appearance

The appearance tab provides significant controMindows users looking for large text,
high contrast or other accessibility fixes. In ttab you can choose from a large number of
pre-defined schemes as well as changing the sidecalor of many windows features
individually. The top portion of the panel consisfsa mock-display (preview) showing the
way in which Windows will appear if the changes applied.

The first actual option on this tab is the pull-dowmenu labeled "schemes". There are
many, many schemes to choose from, but let's fooua few that are particularly useful

from an accessibility perspective. First, you wibbtice near the top of the list several
different high contrast color schemes, all avadaiol normal, large and extra-large size.
Also, if you need large font and buttons but preéfer standard Windows colors, you will

find a set of schemes at the bottom of the lisktedaWindows Standard in normal, large
and extra-large. Once you have chosen a base sfireomed to continue using the

current one), you can tweak each individual feawfrehe windows display using the

controls below the "schemes" menu.

Immediately below the "schemes" drop-down menwnalzer menu labeled “item". In this
menu you will find all of the customizable appeamfeatures of the windows desktop.

If you select an item, you will notice that sometlod other menus and options will become
available. These are the individual features tlzat lbe modified for each desktop item:
Size, color, color 2, font, font size, font colarabold/italic.

Each of these features can be modified throughop-down menu, by typing in a new
value, or by clicking on the color box to open YWeadows color picker.

Changes will be reflected as you make them in tieeipw window at the top of the panel
and can always be reverted t.i

the original settings by clicking S uiz il ot
the "cancel” button. You can Backawund|ScresnSever Appesrance |Efiscts | Web | Setings |

tweak the items as much as you
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You will be prompted to give your new scheme a name then, after you have saved it, it
will appear in the "schemes" pull-down menu alodgsall the pre-defined ones. If you
ever feel that you've gotten in over your headhe Appearance tab, remember that you
can always call up the "Windows Standard" schengetmut of trouble.

Effects

Disploy Properties HE:

Of the options in the Effects Background | Screen Saver| Appearance Effects 1WEE:| | Setings |

tab, there is only one that are of  Deskiapicans

particular importance. In the
lower portion of the panel there
will be several checkboxes.
The third should say "Use large
icons". Checking this box will
enlarge the icons on the
Windows desktop. Note that, if
you feel so inclined, you can
create a very similar effect by
modifying the "icon" item in
the Appearance tab.

Web

The Web tab contains allows
you to install and manage
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of these features is beyond the scope of thisiatdout keep in mind that active desktop

items are rarely accessible.
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Settings

The Settings tab allows you to change featureseetldirectly to the performance of the
actual monitor and video card hardware. The topigoiof the panel should be a preview
window. Immediately below the preview window thevél be a short blurb describing
what particular monitor and video card is beingdudgelow that, there will be a "colors”
pull-down menu, a "screen area" slide bar and dadiaced" button. The only option in the
settings tab of particular use from an accessgybdtandpoint is the "screen area" option,
often referred to as the resolution. Lowering theeen area will cause the screen to be
broken up into fewer individual pixels. This hag tlesult of making every feature, from
text to buttons to menus to icons, appear largee. dide effect is that to those accustomed
to using a higher resolution, the display will appélocky. Most modern computers use
resolutions of 1024x768 or 1200x1024, however itanmon for people with vision
impairments to prefer to use a computer runningdaix480 or 800x600. In order to change
the resolution, simply slide to pointer in the '&sem area" option box until the desired
resolution is displayed and then click the applytdruto test the resolution. A dialog box
will appear explaining that the screen will now d@ark and attempt to resize itself. The
dialog box will further explain that if the resal change is unsuccessful then the original
resolution will be restored after 15 seconds. Yoousd press to "ok" button to dismiss the
dialog box. If the resolution change is succesfeh you can press either "ok" to keep the
new resolution or "cancel" to revert to your orgimesolution(note that even if the change
is successful, the original resolution will retuafter fifteen seconds if you click neither
button). If the change is unsuccessful and thelalspither remains dark or appears



garbled, simply sit tight and wait for fifteen seds. As long as you do not press any
buttons on the keyboard or mouse the original dispettings will return.

Display Proparies
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Sound Failure Symptoms

Sound is an area of the PC that has been largeljyooked in early systems. Aside from a

simple, oscillator-driven speaker, the early PCsewaute. Driven largely by the demand

for better PC games, designers developed stan@-alaumnd boards that could read sound
data recorded in separate files, then reconsthaget files into basic sound, music, and
speech. Since the beginning of the decade, thabe ssaind boards have blossomed into
an array of powerful, high-fidelity sound produatapable of duplicating voice, orchestral

soundtracks, and real-life sounds with uncannyigea(Fig. 41-1). Not only have sound

products helped the game industry to mature, bey thave been instrumental in the

development of multimedia technology (the integmatof sound and picture), as well as
Internet Web phones and other communication todiss chapter is intended to explain

the essential ideas and operations of a contempsemamd board, and show you how to
isolate a defective sound board when problems.arise

Understanding Sound Boards

Before you attempt to troubleshoot a problem witsoand board, you should have an
understanding of how the board works and what itstmaccomplish. This type of

background helps you when recommending a sounddhbioaa customer or choosing a
compatible card as a replacement. If you alread laastrong background in digital sound
concepts and software, feel free to skip directlythie troubleshooting portion of this

chapter.

The Recording Process

All sound starts apressure variationgraveling through the air. Sound can come from
almost anywhere—a barking dog, a laughing chiliiheaengine’s siren, a person speaking.
You get the idea. The process of recording sound tard drive requires sound to be
carried through several manipulations (Fig. 41Hjst, sound must be translated from
pressure variations in the air to analog electrigighals. This is accomplished by a
microphone. These analog signals are amplified ly $ound card, then digitized

(converted to a series of representative digitaldseach taken at a fixed time interval).
The resulting stream of data is processed and megithrough the use of software, which
places the data (as well as any overhead or hoegigkgpdata) into a standard file format.
The file is saved to the drive of choice (typicatiyhard drive).

The Playback Process
Simply speaking, the playback process is virtutlly reverse of recording (Fig. 41-3). A
software application opens a sound file on the llanee, then passes the digital data back



to the sound card. Data is translated back intavatgnt analog levels—ideally, the
reconstructed shape of the analog signal closelyicsithe original digitized signal. The
analog signal is amplified, then passed to a spedkbe sound was recorded in stereo, the
data is divided into two channels that are seplratenverted back to analog signals,
amplified, and sent to their corresponding speak8peakers convert the analog signal
back into traveling pressure waves that you can. hea

The Concept of “Sampling”

To appreciate the intricacies of a sound card’saim®, you must understand the concept
of digitization (otherwise known assampling. In principle, sampling is a very
straightforward concept; an analog signal is mesasperiodically, and its voltage at each
point in

1194 Sound Boards
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Storage device (hard drive)
Sound board hardware
FIGURE 41-2The sound-board recording process.
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FIGURE 41-3The sound-board playback process.

Time is converted to a digital number. The devita {performs this conversion is known
as anAnalog-to-Digital Converter (ADC)It sounds simple enough in principle, but it has
some important wrinkles.

The problem with sampling is that a digitizer citchas to capture enough points of an
analog waveform to reproduce it faithfully. The eyde in Fig. 41-4 illustrates the
importance of sampling rate. Waveforms A and B @spnt the same original signal.
Waveform A is sampled at a relatively slow rate—yoal few samples are taken. The
problem comes when the signal is reconstructed witBigital-to-Analog Converter
(DAC). As you see, there are not enough sample pointsctinstruct the original signal.
As a result, some of the information in the origisignal is lost. This form of distortion is
known asaliasing

Waveform B is the same signal, but it is sampled atuch higher rate. When that data is
reconstructed, the resulting signal is a much rfeitkful reproduction of the original.



As a rule, a signal should be sampled at leastetvais fast as the highest frequency
contained in the signal—this is known &af/quist's Sampling TheorenThe lowest
standard sampling rate used with today's sound dsoas 11lkHz—this allows fair
reproduction of normal speech and vocalizationt@upbout 5.5kHz). However, most low-
end sound boards can digitize signals up to 22Kkb#ortunately, the human range of
hearing is about 22kHz. To capture sounds reaspmweadl throughout the entire range of
hearing, you would need a sampling rate of 44kHzeroknown a<CD-quality sampling
because it is the same rate used to record audDsn The disadvantage to high sampling
rates is disk space (and sound file size). Eachpleams a piece of data, so the more
samples taken each second, the larger and fadiier grows. If 8 bits are used for each
sample, 256 discrete levels can be supported. H&umost popular configuration is 16-bit
conversion, which allows a sample to be represenyenhe of 65,536 levels. At that level
of resolution, samples form a very close replicaha original signal. Many of today’s
sound boards are 16-bit.

Troubleshooting a Sound Board

Traditionally, sound boards use many of the samipsels and basic components, but
because each board is designed a bit differentlys ivery difficult for commercial
diagnostic products to identify failed IC functionSor the most part, commercial and
shareware diagnostics can only identify whetheraad-compatible board is responding or
not. As a result, this chapter will take the subeasbly replacement approach. When a
sound board is judged to be defective, it shouldrdmaced outright. This part of the
chapter reviews the problems and solutions for dobpards under both DOS and
Windows. The following tips might help you nail dowa sound problem most efficiently:

- Check to see that your speakers are connecteatrpd, and turned on.

- Check that the speaker volume and sound carcemasuume are turned up.

- Check to see that the mixer volume and mastenmwelare set properly.

- Be sure that the music or sound file(s) are Iiestgroperly.

- Check that all sound card and multimedia drivesinstalled.

- Be sure that the drivers are up to date.

- Check for resource conflicts between the sound @nd other devices in the
system.

- Be sure that the sound card is selected andgumefil properly (especially for DOS
apps).

- The sound device should be enabled and configureter CMOS (for sound
functions incorporated on the motherboard).

Sound device is not configured properly If you aatrplay any .WAV files in Windows 95
(or if WAV files are not played at the proper valea), you might not have a sound device
selected or the sound device that you have selecight not be configured properly. To
select and configure a sound device in Windows 95:

- Open theControl paneland doubleclick thdultimediaicon.



- In thePlaybackarea under thAudiotab (Fig. 41-8), click the playback device that
you want to use in thereferred devicdist, then move thé&/olumeslider to the
value you want (usually 50 to 75% volume is adegjuat

- In theRecordingarea under thAudiotab, click the playback device that you want
to use in thePreferred devicdist, then move thé&/olumeslider to the value you
want.

- Be sure that the speakers are properly conneoteéde sound card and that the
speakers are turned on.

Symptoms

Symptom 41-1. A noticeable buzz or hum is beingdpoed in one or both speakers Low-
cost speakers use unshielded cables. Unfortunatetng signals from ac cords and other
signal-carrying conductors can easily induce iet@mice in the speaker wires. Try
rerouting speaker cables clear of other cablesensystem. If problems persist, try using
higher-quality speakers with shielded cables anclosores. In most cases, that should
resolve everyday noise problems. If the noise ocoes, regardless of what you do, the
fault might be in the sound-board amplifier. Try vitgy the sound board to another bus
slot away from other boards or the power supplyhdt does not resolve the problem, try a
new sound board.

Symptom 41-2. No sound is produced by the spegk&hs lack of sound from a sound
board can be caused by any one of a wide rangetehfial problems. If the sound board
works with some applications, but not with othétrss likely that the problem is caused by
an improperly installed or configured applicati@ee that the offending application is set
up properly (and be sure it is even capable ofguiire sound card). Also check that the
proper sound driver files (if any) are loaded IONFIG.SYS and AUTOEXEC. BAT, as
required. In many cases, one or two sound-relatetr@ment variables that are set in
AUTOEXEC.BAT. Be sure that your startup files aomfigured properly.

Check your speakers next. See that they are tumeghd set to a normal volume level.
The speakers should be receiving adequate powestamdd be plugged properly into the
correct output jack—if speakers have been pluggedthe wrong jack, no sound will be
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produced. If the cable is broken or questionalbjeathew set of speakers. Also see that the
master volume control on the sound board is tuupedhost (or all) of the way.

If problems continue, a resource conflict mightdeeurring between the sound board and
another device in the system. Examine the IRQ, DiEid I/O settings of each device in
the system. Be sure that no two devices are uemgdame resources. You might like to use
the PC Configuration Form at the end of this bookedcord your settings. If problems
persist, and no conflict is present, try anothemsbboard.

Symptom 41-3. CD audio will not play through theusd card This problem can occur
under both DOS and Windows. First, be sure thatsthend board is actually capable of
playing CD audio (older boards might not be conipaji If the sound card is playing
sound files, but is not playing CD audio, checkesal/things. First, open the PC and be
sure that the CD-audio cable (a thin, 4-wire caldgttached from the CD-ROM drive to
the sound board. If this cable is broken, discotetgcor absent, CD audio will not be
passed to the sound board. If the cable is intaetsure that the CD audio player is
configured properly for the sound board you arengisand check the startup files to see
that any drivers and environment variables needeg ®GONFIG.SYS and
AUTOEXEC.BAT are available. If CD audio fails togyl under Windows, be sure that an
MCI (Multimedia Control InterfaceCD Audio driver is included in thBrivers dialog box
under Window<Control panel

Symptom 41-4. An error, such as “No interrupt vecéwailable” appears The DOS
interrupt vectors used by the sound board’s setiyerd (usually INT 80h to BFh) are
being used by one or more other drivers in theesystAs a consequence, there is a
software conflict. Try disabling other drivers imetsystem one at a time until you see the
conflict disappear. Once you have isolated thenadfifeg driver(s), you can leave them
disabled, or (if possible) alter their command-Igedtings so that they no longer conflict
with the sound board’s software.

Symptom 41-5. It has no MIDI output Be sure that fite you are trying to play is a valid
MIDI file (usually with a .MID extension). In mostases, you will find that th#IDI
mapperunder Windows is not set up properly for the sotwodrd. Load the Windows
MIDI mapper applet from theControl pane] and set it properly to accommodate your
sound board.

Symptom 41-6. Sound play is jerky Choppy or jerkyrsd playback is typically the result

of a hard drive problem—more specifically, the drsannot read the sound file to a buffer
fast enough. In most cases, the reason for thig dlove performance is excessive disk
fragmentation. Under DOS, the sound file(s) mightighly fragmented.

Under Windows, the permanent or temporary sways fifeght be highly fragmented. In
either case, use a reliable DOS defragmenter, &s1€tC Tools or Norton Utilities (leave
Windows before defragmenting the disk), and defraginthe disk thoroughly.



Symptom 41-7. An error, such as “Out of environmsgdce” appears The system is out of
environment space. You will need to increase ttetesy's environment space by adding
the following line to your CONFIG.SYS file: shell=com /E:512 /P
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This command line sets the environment space tab§ies. If you still encounter the error
message, change the E entry to 1024.

Symptom 41-8. Regular “clicks,” “stutters,” or “loigps” occur during the playback of
speech This might also be heard as a “garbled” donnspeech or sound effects. In
virtually all cases, the system CPU is simply regtfenough to permit buffering without
dropping sound data. Systems with i286 and slod®@6 ICPUs typically suffer with this
kind of problem. This is often compounded by ingigiht memory (especially under
Windows), which automatically resorts to virtual mmary. Because virtual memory is
delivered by the hard drive and the hard drive igimslower than RAM anyway, the hard
drive simply can’t provide data fast enough. Uniastely, little can be done in this kind of
situation (aside from adding RAM, upgrading the CBUchanging the motherboard). If it
is possible to shut off various sound features, (music, voice, effects, etc.), try shutting
down any extra sound features that you can livlhaut. Be sure that no TSRs or other
applications are running in the background.

Symptom 41-9. The joystick is not working or is madrking properly on all systems This
problem only applies to sound boards with a muitietion MIDI/joystick port being used
in the joystick mode. Chances are that the joyssatonflicting with another joystick port
in the system. Disable the original joystick partlre new joystick port—only one joystick
port (game adapter) can be active at any one tintigei system.

Because joystick performance depends on CPU spieed;PU might actually be too fast
for the joystick port. Disable the joystick porttoy slowing the CPU down.

Symptom 41-10. The sound board is installed andy&veg works properly, but now the
printer does not seem to work An interrupt conficcbetween the sound board and an IRQ
line used by the printer. Although parallel prist@re often polled, they can also be driven
by an IRQ line (IRQ5 or IRQ7). If the sound boasdusing either one of these interrupts,
try changing to an alternative IRQ line. When chagan IRQ line, be sure to reflect the
changes in any sound board files called by CONFYS.8r AUTOEXEC.BAT.

Symptom 41-11. The following error message appe&sor MMSYSTEM 337: The
specified MIDI device is already in use” This preil often occurs with high-end sound
boards, such as the Creative Labs AWEG64. This éroften caused by having the sound
board’s mixer display on with the wavetable syniesselected (i.e., the LED display in
the Creative Mixer turned on and Creative Wave Bssizer selected as the MIDI
playback device). You can usually correct the probby turning the mixer display off.

Symptom 41-12. The following error message appégrsor: Wave device already in use
when trying to play wave files while a MIDI file iglaying” This problem often occurs



with high-end sound boards, such as the Creatibs LAVEG4, and it is usually the result

of a device configuration problem. If “full-duplex$ turned on and you try to play a .WAV

file and a MIDI file at the same time with the wéadgle synthesizer (e.g., the Creative

Wave Synthesizer) selected as the MIDI play- 12Q8J8D BOARDS back device, an

error will occur. To resolve this problem, you ne¢edurn off the full-duplex mode:

- Hold down <Alt>key and doubleclick dly computer

- Select thdDevice managetab. A listing forSound, video, game controllesiould
be included in th®evice managerdoubleclick on the listing to expand it.

- You should now see a listing for the sound bo@g., Creative AWE32 16-Bit
Audio). Doubleclick on the listing, then select t8ettingstab. Un-check the box
labeled Allow full-duplex operation Click OK until you are back to th€ontrol
panel

- Now try to play a .WAV and MIDI file at the santiene.

Symptom 41-13. You hear “pops” and “clicks” wherarling sound under Windows 95
Cache is insufficient to adequately support theomdiag process (or cache is improperly
configured). Try the following procedure to alteetway cache is allocated:

- OpenNotepadand load SYSTEM.INI

- Locate the area of SYSTEM.INI labeled [vcache].

- Add the following line [vcache]: maxfilecache=24

- Save your changes to the SYSTEM.INI file.

- From the desktop, right-click dly computerthen seledProperties

- Select thdPerformancepage, then click ofRile system

- Find the slider markeRead-ahead optimizatipthen pull the slider tblone
- Save your changes and restart Windows 95.

Symptom 41-14. You notice high frequency distortiorone or possibly in both channels
In many cases, the AT bus clock is set faster 8idRlz and data is being randomly lost.
This problem usually occurs in very fast systemsigign ISA sound board. Enter the
system’s CMOS setup and check the AT bus clock utideAdvanced chipset set@pea.
See that the bus clock is set as close as pogsild®Hz. If the bus clock is derived as a
divisor of the CPU clock, you might see an entoghsas /4. Be sure that divisor results in
a clock speed as close to 8MHz as possible. Iflpra still persist, try increasing the
divisor to drop the bus speed below 8MHz (this rmiggve an adverse effect on other ISA
peripherals).

Symptom 41-15. You hear “pops” and “clicks” whemayhg back prerecorded files under
Windows 95 An excessive processing load is on fsem, which is often caused by
virtual memory and/or 32-bit access. Start by dieghvirtual memory: Open th€ontrol
panel and doubleclick on th&ystemicon. Select thePerformancepage and click on
Virtual memory Set the swap file tbloneand save your changes. Try the file playback
again. If problems persist, try disabling 32-bi¢ faccess.

If that still does not resolve the problem, tryatiBng 32-bit disk access.



Symptom 41-16. “Pops” and “clicks” are audible aawrecordings only, pre-existing files
sound clean This is often caused by issues witfivaoé caching.
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If you are using DOS or Windows 3.1, disable Smaw®from both CONFIG.SYS and
AUTOEXEC.BAT, then restart the computer for youanhes to take effect. If problems
continue (or you are using Windows 95), an excesprocessing load on the system might
be caused by virtual memory or 32-bit access. koltbhe recommendations under
Symptom 41-15.

Symptom 41-17. “Pops” and “clicks” occur when playiback or recording any sound file
In most cases, there is a wiring problem with theaker system. Check all of your cabling
between the sound board and speakers. If the ggealespowered by ac, be sure that the
power jack is inserted properly. If the speakers powered by battery, be sure that the
batteries are fresh. Check for loose connectidngodi cannot resolve the problem, try
some new speakers. If the problem persists, repihecsound board.

Symptom 41-18. The sound board plays back fine, ibwtill not record The board
probably records fine in DOS, but not in Windowghke sound board is using 16-bit DMA
transfer (typical under Windows), two DMA channale in use. Chances are that one of
those two DMA channels are conflicting with anottevice in the system.

Determine the DMA channels being used under Winddhesn check other devices for
DMA conflicts. If you are using Windows 95, chedketDevice manageand look for
entries marked with a yellow icon.

Symptom 41-19. A DMA error is produced when usingoand board with an Adaptec
2842 controller in the system This is a known peablith the Digital Audio Labs “DOC”
product and the Adaptec 2842. You will need torahe controller's FIFO buffer. Go in
the controller’s Setup by hitting <CtrI>+<A> Operompted during system startup. Select
the Advanced Configuratiooption, then select the FIFO threshold—chanceshatat will

be set to 100%. Try setting the FIFO threshold%oahd see if this makes a difference.

Symptom 41-20. A DMA error is produced when usingoand board with an Adaptec
1542 controller in the system This is a known peablwith the Digital Audio Labs “DOC”
sound product and the Adaptec 1542. The problenusaally be resolved by rearranging
the DMA channels. Place the Adaptec controller &hAD7, then place the sound board on
DMA 5 for playback and DMA 6 for recording.

Symptom 41-21. The sound card will not play or rdeethe system just locks up when

either is attempted The board will probably notyglaeither DOS or Windows, but might

run fine on other systems. This is a problem treg been identified with some sound
boards and ATI video boards. ATI video boards usesual address ranges, which
sometimes overlap the 1/0O address used by the sboadl. Change the sound board to
another 1/O address.



Symptom 41-22. The sound card will record, but witit playback Assuming that the
sound board and its drivers are installed and gandd properly, chances are that a
playback oscillator on the sound board has failed.replacing the sound board outright.
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Symptom 41-23. The sound application or editor poes a significant number of DMA
errors This type of problem is known to occur freqilly when using the standard VGA
driver that accompanies Windows—the driver is ppaevtitten and cannot keep up with
screen draws. Try updating your video driver tatard, more efficient version. If the driver
is known to contain bugs, try using a generic videwer that is written for the video
board’s chipset.

Symptom 41-24. The sound board will not record @3 Several possible problems can
account for this behavior. First, suspect a hardveanflict between the sound board and
other devices in the system. Be sure that the IRQ&A channels, and I/O port addresses
used by the sound board are not used by otheraievic

If the hardware setup appears correct, suspeaildgon between DOS drivers. Try a clean
boot of the system (with no CONFIG.SYS or AUTOEXB&T). If sound can be run
properly now, there is a driver conflict. Examineuy entries in CONFIG.SYS or
AUTOEXEC. BAT for possible conflicts or for olderiders that might still be loading to
support hardware that is no longer in the system.

Finally, suspect the hard-drive controller. Trytisgt up a RAM drive with RAMDRIVE.
SYS. You can install a RAMdrive on your system bgiag the line: device=c:.sys /e 8000
The 8000 is for 8MB worth of RAM—be sure that enbUgAM is in the PC. Once the
RAMdrive is setup, try recording and playing frofmetRAMdrive (you might have to
specify a new path in the sound-recorder progréinthat works, the hard-drive controller
might simply be too slow to support the sound bpamt you might need to consider
upgrading the drive system.

Symptom 41-25. When recording sound, the systerkslagp if a key other than the
recorder’s “hot-keys” are pushed This is a frequerablem under Windows 3.1x. The
system sounds (generated under Windows) might teeféning with the sound recorder.
Try turning off system sounds. Go to thkain icon, choose th€ontrol panel then select
SoundsA box will appear in the lower left corner markiédable system soundSlick on
this box to remove the check mark, then cliik.

Symptom 41-26. After the sound-board driver is ExhdwWindows locks up when starting
or exiting In virtually all cases, you have a haadevconflict between the sound board and
another device in the system. Be sure that the JRQBA channels, and I/O port addressed
used by the sound board are not used by otherekevic

Symptom 41-27. When using Windows sound-editingvgte, the sound board refuses to
enter the “digital” mode—always switching back @ tanalog mode Generally speaking,



this is a software-configuration issue. Be sure yloar editing (or other sound) software is
set for the correct type of sound board (i.e., &E82 instead of a Sound Blaster 16/Pro).

If problems persist, the issue is with your sounsais. Check the [drivers] section of the
Windows SYSTEM.INI file for your TROUBLESHOOTING SOUND
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To Understand:
» Device Conflicts in Device Manager

Introduction

The incredible acceptance and popularity of thdd@ely results from the use of an “open
architecture.” An open architecture allows any niacturer to develop new devices (e.g.,
video boards, modems, sound boards, etc.) thatwalk in conjunction with the PC.
When a new expansion board is added to the PChdolaed uses of various system
resources in order to obtain CPU time and transf@a across the expansion bus.
Ultimately, each board that is added to the systequires unique resources. No two
devices can use the same resources—otherwisegwadrar conflict will result. Low-level
software (such as device drivers and TSRs) thad agstem resources can also conflict
with one another during normal operation. This ¢tbagxplains system resources, then
shows you how to detect and correct conflicts tlaat arise in both hardware and software.

Understanding System Resources

The key to understanding and eliminating conflist®o understand the importance of each
system resource that is available to you. PCs deothiree types of resources: interrupts,
DMA channels, and I/O areas. Many controllers aretivork devices also utilize BIOS,
which requires memory space. Do not underestimageimportance of these areas—
conflicts can occur anywhere, and carry dire conseges for a system.

Interrupts

An interrupt is probably the most well-known anddarstood type of resource. Interrupts
are used to demand attention from the CPU. Thisvalla device or sub-system to work in

the background until a particular event occurs tleguires system processing. Such an
event might include receiving a character at thi@kport, striking a key on the keyboard,

or any number of other real-world situations. Atemupt is invoked by asserting a logic

level on one of the physical interrupt request (JRQes that are accessible through any of
the motherboard’s expansion bus slots. AT-compati®Cs provide 16 IRQ lines (noted

IRQ 0 to IRQ 15). Table 10-1 illustrates the IR@igements for classic XT and current

AT systems.

These lines run from pins on the expansion buseaon or key ICs on the motherboard to
Programmable Interrupt Controllers (PICs) on thethmdoard. The output signals
generated by a PIC triggers the CPU interrupt. Keepnind that Table 10-1 covers
hardware interrupts only. There are also a praltfen of processor and software-generated
interrupts.



The use of IRQ 2 in an AT system deserves a béxptanation. An AT uses IRQ 2 right
on the motherboard, which means that the expansignpin for IRQ 2 is now empty.
Instead of leaving this pin unused, IRQ 9 from Aik extended slot is wired to the pin
previously occupied by IRQ 2. In other words, IR@@ ®eing redirected to IRQ 2. Any AT
expansion device set to use IRQ 2 is actually uR€@ 9. Of course, the vector interrupt
table is adjusted to compensate for this slightaofd.

After an interrupt is triggered, an interrupt-handlroutine saves the current CPU register
states to a small area of memory (called dtaek, then directs the CPU to the interrupt
vector table. The interrupt vector table is adifsprogram locations that correspond to each
interrupt. When an interrupt occurs, the CPU wilinp to the interrupt handler routine at
the location specified in the interrupt vector talhd execute the routine. In most cases,
the interrupt handler is a device driver associatigd the board generating the interrupt.

For example, an IRQ from a network card will liketwall a network device driver to
operate the card. For a hard-disk controller, 8@ tRlls the BIOS ROM code that operates
the drive. When the handling routine is finishdte CPU’s original register contents are
“popped” from the stack, and the CPU picks up frehere it left off without interruption.
As a technician, it is not vital that you understarecisely how interrupts are initialized
and enabled, but you should know the basic termgwlThe termassignedsimply means
that a device is set to produce a particular IRfpai For example, a typical hard drive
controller board is assigned to IRQ 14. Assignmemésusually made with one or more
jumpers or DIP switches, or are configured autocadlti through the use of Plugand - Play
(PnP). Next, interrupts can be selectively enaldledisabled under software control. An
“enabled” interrupt is an interrupt where the Pl&s lbeen programmed to pass on an IRQ
to the CPU. Just because an interrupt is enabled dot mean that there 258 CONFLICT
TROUBLESHOOTING are any devices assigned to italfyn an “active” interrupt is a
line where real IRQs are being generated. Notieg dahtive does not mean assigned or
enabled.

Interrupts are an effective and reliable meansigriading the CPU, but the conventional
ISA bus architecture—used in virtually all PCs—does provide a means of determining
which slot contains the board that called the migr As a result, interrupts cannot be
shared by multiple devices. In other words, no thavices can be actively generating
interrupt requests on the same IRQ line at the same. If more than one device is
assigned to the same interrupt line, a hardwarélicocan occur. In most circumstances, a
conflict will prevent the newly installed board (other previously installed boards) from
working. In some cases, a hardware conflict carghgmthe entire

Recognizing and Dealing with Conflicts

Fortunately, conflicts are almost always the resfila PC upgrade gone awry. Thus, a
technician can be alerted to the possibility ofyatam conflict by applying the Last
Upgrade rule. The rule consists of three parts:

1 A piece of hardware and/or software has beendhtidthe system very recently.

2 The trouble occurred after a piece of hardwatBarsoftware was added to the system.
3 The system was working fine before the hardwatBa software was added.



If all three of these common-sense factors are, thances are very good that you are
faced with a hardware or software conflict. Unlikest other types of PC problems, which
tend to be specific to the faulty sub-assembly,flaxia usually manifest themselves as
much more general and perplexing problems. Theovotlg symptoms are typical of
serious hardware or software conflicts:

- The system locks up during initialization.

- The system locks up during a particular applarati

- The system locks up when a particular device (e.@WAIN scanner) is used.

- The system locks up randomly or without warniagardless of the application.

- The system might not crash, but the devicewzst added might not function (even
though it seems properly configured). Devices thate in the system previously
might still work correctly.

- The system might not crash, but a device or epptin that was working
previously no longer seems to function. The newlgdeadl device (and
accompanying software) might not work properly.

What makes these problems so generic is that trexigeand frequency of a fault, as well
as the point at which the fault occurs, dependsumh factors as the particular de-

Dealing With Software Conflicts

Two types of software can cause conflicts in adgpPC: TSRs and device drivers. TSRs
(sometimes called “popup utilities”) load into memousually during initialization, and
wait until a system event (e.g., a modem ring kegboard “hot key” combination). There
are no DOS or system rules that define how sudhiegi should be written. As a result,
many tend to conflict with application programsdaven with DOS itself). If you suspect
that such a popup utility is causing the problemd fits reference in the AUTOEXEC.
BAT file and disable it by placing the command REMfront of its command line (e.g.,
REM CAUTILS\NEWMENU.EXE /A:360 /D:3). The REM comand turns the line into a
“REMark,” which can easily be removed later if yohuwose to restore the line.

Remember to reboot the computer so that your clsangje take effect. Device drivers
present another potential problem. Most hardwagrages require the addition of one or
more device drivers. Such drivers are called frivea CONFIG.SYS file during system
initialization (or loaded with Windows), and uses@ries of command-line parameters to
specify the system resources that are being uded.ig often necessary to ensure that the
driver operates its associated hardware propdrthhei command line options used for the
device driver do not match the hardware settingoyerlap the settings of another device
driver), system problems can result. If you susgbat a device driver is causing the
problem, find its reference in the CONFIG.SYS fled disable it by placing the command
REM in front of its command line (e.REM DEVICE = C:\\DRIVERS NEWDRIVE.SYS
/A360 /I:5. The REM command turns the line into a “"REMarkyhich can easily be
removed later if you choose to restore the linenBmaber that disabling the device driver
in this fashion will prevent the associated hardnfaom working,



Dealing With Hardware Conflicts

A PC user recently added a CD-ROM and adapter bimatldeir system. The installation
went flawlessly using the defaults—a 10-minute j8bveral days later, when attempting to
backup the system, the user noticed that the panadirt tape backup did not respond
(although the printer that had been connected éoptrallel port was working fine). The
user tried booting the system from a “clean” botgatoppy disk (no CONFIG.SYS or
AUTOEXEC.BAT files to eliminate the device driver§ut the problem remained. After a
bit of consideration, the user powered down theaesysremoved the CD-ROM adapter
board, and booted the system from a “clean” boetdldppy disk. Sure enough, the
parallel port tape backup started working again.

Stories such as this remind technicians that hamwanflicts are not always the
monstrous, system-smashing mistakes that they adenout to be. In many cases,
conflicts have subtle, non-catastrophic consequerisecause the CD-ROM was the last
device to be added, it was the first to be remoWethok about 5 minutes to realize and
remove the problem. However, removing the problesn only part of conflict
troubleshooting— re-installing the device withowtamflict is the real challenge.

Ideally, the way to correct a conflict would be atier the conflicting setting. That's
dynamite in theory, but another thing in real lifde trick is that you need to know what
resources are in use and which ones are free. tunftely, there are only two ways to find
out. On one hand, you can track down the user m&ouavery board in the system, then
inspect each board individually to find the setéinthen work accordingly. This will work
(assuming that you have the documentation), bstatimbersome and time consuming.

As an alternative, you can use a resource testinf such as the Discovery Card by
AllMicro, Inc. The Discovery Card plugs into a 18-I5A slot and uses a series of LEDs
to display each IRQ and DMA channel in use. Any LE@ illuminated is an available
resource.

It is then simply a matter of setting your expandnardware to an IRQ and DMA channel
that is not illuminated. Remember that you mightehto alter the command line switches
of any device drivers. The only resources not ftated by the Discovery Card are I/O
addresses, but because most I/O ports are reskmvedrticular functions (as you saw in
Tables 10-3 to 10-5), you can typically locate ansed 1/O port with a minimum of effort.
CONFLICT TROUBLESHOOTING WITH WINDOWS 95

One of the biggest problems with conflict troublesting is that every conflict situation is

a bit different. Variations in PC equipment and ilde resources often reduce conflict
troubleshooting to a “hit or miss” process. Fortehg conflict troubleshooting can be
accomplished quickly and easily using the toolsviged by Windows 95 (namely the
Device Manager). This part of the chapter providetep-by-step process that you can use
for conflict resolution under Windows 95.

Step 1: Getting started Start the Device Manag#vimdows 95:
1 Click theStartbutton, then cliciSettingsthen selecControl panel



2 Double-click theésystemcon, then click on th®evice managetab (Fig. 10-1).
3 Be sure tha¥iew devices by typs selected.
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Windows Device Manager

Determine if the device was installed twice. Is thevice you were installing (or that
suffers from the conflict) listed twice IDevice managér

> If the device is listed only once, go to Step 2.

» If the device is listed twice and there is only poged to be one such device in the

system, go to Step 3.
» If the device is listed twice, but there are sugab® be two such devices in the system

go to Step 2.

Step 2: Device listed only once View the resourtéirgs for the conflicting device:

1. Double-click on the hardware that shows a confli

2. In theDevice usagarea (such as Fig. 10-2), be sure that there ieekdn the box
next to the configuration marked “Current.” If thex isn’'t checked, check the box
now.

3. Click theResourcesab.



Do you see a box with resource settings (as ine3)?

> If the box with resource settings appears, go ép 8t

» If the Set configuration manuallyutton appears instead, go to Step 5.
> If the device doesn’t have a Resources tab, gadp &
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Device properties highlighting the Device Usage.
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Step 3: Device listed twice Remove all of the degaed device(s), and install again:

1.

w N

Remove each duplicate item from the hardwatedbck its name, and then click
RemoveWhen you are finished, no instances of the cairfly hardware should be
listed.

Click OK.

Now (while still within theControl pane), double-click on théAdd new hardware
icon. If you see a message that you already havieard open, clickinishin that
wizard, and then click the button in this steptirtsa new wizard.

Click Next

Click the option to automatically detect yourrdware, and then clickNext
Continue until you finish the wizard.

Did this fix the problem?

If the conflict no longer appears, this shouldreot the problem, and you should be
done. Exit theControl paneland restart Windows 95.
If the conflict still appears, go to Step 2.



Step 4: Resource settings appear ldentify exadtiglhwresources are causing the conflict:

1. In theConflicting device listoox, identify the hardware that is using confligtin
resources.
Is more than one resource conflict listed?

- If more than one resource conflict is listed tg&btep 7.

- If only one conflict is listed, go to Step 8.

- If no conflicts are listed, or if one or more ications showSystem reserveas the
conflict, go to Step 9.

Step 5: Manual button appears Determine why theuress are not displayed:

1. When theResourcedab shows &et configuration manuallputton, it is either
because the device has a conflict or other proldethis disabled, or because the
resource settings used by this device are worknoggrly, but they don’t match
any of the known configurations.

2. You can tell which situation applies by readihg text above the button.
Which text message do you see?

- If you see a message that says; “The device mdliciing, or the device is not
currently enabled or has a problem,” then go tp &

- If you see a message that says; “The resourd¢mgeetdon’t match any known
configurations,” there is no further solution teethroblem. You should probably
remove the conflicting device.

Step 6: There is no Resources tab You have prolohiolyen the wrong device.
Select the correct device:

1. Click Cancelto return to the hardware list.
2. Carefully double-click the hardware that hagaflct.
3. In the Device usagearea, be sure that there is a check in the box twexhe

configuration marked “Current.” If the box isn’t@tked, check it now.
4. Click theResourcesab.

Do you see a box with resource settings now?

- If the box with resource settings now appears ogstep 4.

- If you see &et configuration manuallyutton, go to Step 5.

- If the resource settings still do not appearreéhis no further solution to the
problem.

You should probably remove the conflicting device.

Step 7: More than one conflict is listed At thisrmipyou should determine just how many
devices are listed as being conflicting.

- If you only see one device causing all the coidligo to Step 11.

- If more than one device is causing the confligtsto Step 12.
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Step 8: Only one conflict is listed Look for a rasme setting that doesn’t conflict:

1. In theResource settingsox, double-click the icon next to the resourceirsgtthat
is conflicting. If you see a message that says “Yiaust clear the Use Automatic
Settings box before you can change a resourcengétitlick OK to close the
message, and then clear thee automatic settingsox.

2. Scroll through the available resource settings.

3. For each setting, look at tl®nflicting device lisbox to see if it conflicts with any
other hardware.

4. If you find a free setting, clic®K.

Did you find a setting that doesn’t conflict withyaother hardware?

- If you can find a setting which does not conflgb to Step 13.

- If you cannot find a setting that does not canflgo to Step 14.

- If you see a message stating that the resouttiegseannot be modified, go to Step 1

Step 9: No conflicts are listed If there are noftais listed in theConflicting device list
box, either you are not viewing resources for tbeect device, or the conflict hasready
been resolved (you need to restart your computedltov Windows 95 to configuréhe
hardware). Look at the top of the dialog box to gegu are viewing resources foe
correct device.

There is no further solution to this problem. Iftating Windows 95 does not clear the
problem, you might simply need to remove the catifig device.

Step 10: The device is conflicting Now you needdentify which hardware is conflicting:

1. Click Set configuration manually

2. In the Conflicting device listbox, identify the other hardware that is using the
conflicting resources.

Is more than one resource conflict listed?

- If more than one resource conflict is listed tg&tep 16.
- If only one resource conflict is listed, go tetl7.

- If no conflicts are listed, go to Step 9.

Step 11: Only one device is conflicting Do you wantlisable the device that is causing all
the conflicts?

- If you wish to disable the conflicting device, goStep 18.

- If you must use the hardware that is causingtidlicts, go to Step 17.

Step 12: More than one device is conflicting Lookresource settings that don’t conflict:

1. In theResource settingsox, double-click the icon next to a resource sgtthat is
conflicting. If you see a message that says “Youwstrulear the Use Automatic
Settings box



Recognizing And Dealing With Conflicts 275

Before you can change a resource setting,” diékto close the message, and then clear

theUse automatic settingsox.

2. Scroll through the available resource setting.

3. For each setting, look in ti@onflicting device lisbox to see if it conflicts with any
other hardware.

4. When you find a free setting, cli€k.

5. Repeat steps 1 through 4 for each conflictisguece.

Did you find a free setting for each conflictingoairce?

- If you do find free settings for each conflictirgsource, go to Step 19.

- If some (or all) resources are still conflictigp to Step 20.

- If you see a message indicating that the res@eattang cannot be modified, go to

Step 13: There is a free setting When a free gegiavailable, change the configuration:
1 Enter the new setting value.

2 Make a note of the old and new settings to refdater.

3 Click OK. If you see a message prompting you to restant goonputer, clickNo.

Restart your computer:

1. Click OK.

2. You might see a message prompting you to regbart computer. ClickNo.

3. Click theStartbutton, clickShut downthen clickYes

4, When Windows says it is safe to do so, turnyoffir computer so that you can
configure the hardware devices that you've changed.

This should correct the problem, and the hardwardlict should now be resolved once
the PC is restarted.

Step 14: All other settings conflict Identify hardre you no longer need:

1 Scroll through the available resource settings.

2 When a conflict appears in th®nflicting device lisbox, determine whether you still
need to use the device that is causing the ican@an you identify a hardware device
that you no longer need to use?
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Depending on the type of hardware you have, youhtriigive to change the jumpers on
your hardware card to match the new setting(s)oaor ipight have to run a configuration
utility provided by your hardware manufacturertié jumper settings on your card aren’t
set properly, your hardware will not work—even duyresolved the conflict correctly.

Refer to your hardware documentation for instruetion changing jumpers.

- If you can disable the conflicting device, goSiep 21.

- If you cannot disable the conflicting device,tgdStep 22.



Step 15: Resource settings cannot be modified Wewesources for the other device:

1. In theConflicting device lisbox, make a note of which device is using the resou
that cannot be modified.

2. Click Cancel

3. In the hardware list, find and double-click ttevice that is using the resource.

Does this device have a Resources tab?
- If a Resourcesab is available, go to Step 23.
- If a Resources$ab is not available, go to Step 24.

Step 16: There is more than one conflict How maewiaks are listed as conflicting?
- If only one device is causing the conflicts, gdstep 11.
- If more than one device is causing the confligtsio Step 12.

Step 17: There is only one conflict Look for a ne®s@ setting that doesn’t conflict:

1. In theResource settingsox, double-click the icon next to the resourceirsgtthat

is conflicting. If you see a message that says “Yiaust clear the Use Automatic

Settings box before you can change a resourcenggtitlick OK to close the

message, then clear thise automatic settingsox.

Scroll through the available resource settings.

For each setting, look in ti@onflicting device lisbox to see if it conflicts with any

other hardware.

4. If you find a free setting, cliodkK. Did you find a setting that doesn’t conflict with
any other hardware?

- If you manage to find a setting that does nofflacingo to Step 13.

- If you see a message indicating that the resaetteng cannot be modified, go to

wn

Step 15.
- If all other settings conflict with other hardwarthere is no further solution to the
problem, and you should probably remove the cairilicdevice.

Step 18: Disable conflicting hardware Determine htmwbest disable the conflicting

hardware:

1. On the hardware list, double-click the hardwitis you want to disable. If you do
not see the hardware list, cli@lanceluntil you return to it.
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2. In theDevice usagarea, click the box next to the configuration mark€urrent”
to remove the check mark.
3. Click theResourcesab. If there is &et configuration manuallgutton, Windows

95 can disable and free up resources used by dnésviare without your removing
its card from your computer.

Do you see &et configuration manuallyutton?
- If the button exists, you can effectively disatile device, so go to Step 19.



- If the button is not available, go to Step 25.

Step 19: Resources now set without conflicts Poat a report for each device you

changed:

1. In the hardware list, click a device whose reseuwsettings you changed while
resolving the conflict. If you do not see the haagevlist, clickOK until you return
to it.

2 Click Print.

3. Click the second option to print the selecteds or device.

4. Click OK.

5 Repeat steps 1 through 4 for each device tlmat ghanged during this

troubleshooting process.
This should correct the problem, and you shoulddoee.

Step 20: Some resources are still conflicting 8sburces to conflict with only one device:

1. Double-click a resource that is still confligjinf you see a message that says “You
must clear theUse automatic settingbox before you can change a resource
setting,” clickOK to close the message, then clearliise automatic settingsox.

2. Scroll through the available resource settirfgs. each value, write down the
setting and the name of the hardware it confliata vlrhen clickCancel

3. Repeat steps 1 and 2 for each conflicting resour

4, Looking at the list, see if you can change #source settings so that they conflict

with only one device—preferably one you could disab

Are all conflicts with one device?

- If all the conflicts are with only one device, gpStep 11.

- If resources still conflict with more than onevae, there is no further solution to
the problem, and you should probably remove thdlicting device.

Step 21: Disable the unneeded device Determinehehéte hardware you want to disable
is Plug-and-Play:

1. Select each resource setting that conflicts wighhardware you will disable, and
then clickOK.
2. When the message appears saying the settingctonfith another device, click

Yesto continue.
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Click OK until you return to the hardware list.

Click the plus sign (+) next to the type of haade that you want to disable.
Double-click the hardware that you want to dieab

In theDevice usagarea, click the box next to the configuration mark€urrent”

to remove the check mark.

Click theResourcesab.

If there is &et configuration manuallyutton, Windows 95 can disable and free up
resources used by this hardware without your rengpvits card from your
computer.

o0k w
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Do you see &et configuration manuallyutton?
- If the button exists, you can effectively disattle device, so go to Step 19.
- If the button is not available, go to Step 25.

Step 22: All devices are in use Write down a Ilfsalbdevices using resources:

1. Scroll through the resource settings. On a paqaaper, write down the name of
each piece of conflicting hardware and its setting.
2. Click Canceluntil you return to the hardware list.

Rearrange resource settings for conflicting hardwar

1. On the hardware list, click the plus sign (+xtn® the hardware type for the first
item on your written list.

2. Double-click the hardware.

3. Click theResourcesab.

4, Double-click the resource setting that you wrdtevn. If you see a message that
says

“You must clear théJse automatic settingsox before you can change a resource setting,”
click OK to close the message, then clearllse automatic settingsox.

5. Scroll through the available resource settingsr each setting, look in the
Conflicting device lisbox to see if it conflicts with any other hardware.

6. If you find a free setting other than the on& yarote down, write down the new
values, and continue.

7. If you do not find a free setting, repeat stdpthrough 5 until you run out of

hardware to try or you find a free setting.
Did you find a free resource setting?
- If you found free resources, go to Step 26.
- If you could not locate free resources, go tqp3e.

Step 23: Resource information is available Checke® if the device can use a different

resource:

1. Click theResourcesab.

2. In theResource settingsox, double-click the resource setting that youdneefree
for the other device. If you see a message that 8#pu must clear the Use
Automatic Settings box before you can change auresosetting,” clickOK to
close the message, then clearllse automatic settingsox.
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3. Scroll through the available resource settings.

4, For each setting, look in ti@onflicting device lisbox to see if it conflicts with any
other hardware.

5. If you find a free setting, clicOK. If you see a message prompting you to restart

your computer, cliciNo.
Did you find a free resource setting?

- If Yes go to Step 28.



- If No (or the settings cannot be modified), go to Step 29

Step 24: Resource information is not available Beavhich device you should disable.
Because both devices need to use the same resaitiog, you must decide which device
you want to use. You must disable and/or removether device.

It probably is easier to remove the device that thedoriginal conflict. If you choose to
remove the other device, you might see a messagiegsthat you still have a conflict after
completing the procedure. Just restart the proeedad continue resolving the conflict.
Which device would you like to disable?

- If you'd rather disable the original device, goStep 30.

- If you'd rather disable the other conflicting des;, go to Step 31.

Step 25: Manual button not available Disable theflading hardware by removing it:

1. On the hardware list, click the plus sign (+xtn@® the type of hardware that you
want to disable. If you do not see the hardwate disck Canceluntil you return to
it.

2. Click the hardware you want to disable.

3. Click Remove

Go to Step 19.

Step 26: Free resources found Change the rescettoggs to utilize the free resources:

Save the new setting by clicki@i, then clickingOK again.

If you see a message about restarting your ctenpzlick No.

Double-click the hardware that first had thefton

Click theResourcesab.

Double-click the resource that is conflictinfybu see a message that says “You

must clear the Use Automatic Settings box befora gan change a resource

setting,” clickOK to close the message, then clearllse automatic settingsox.

6. Change the resource setting to the value ydufjesd. TheConflicting device list
box might show a conflict with the other hardwarattyou just changed.

7. Click OK. If you see a message, cligkesto continue.

arwbnE

Go to Step 19.
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Step 27: No free resources available You must thsabme hardware to relieve the
conflict. Do you want to disable the hardware ttaised the original conflict?

- If you want to disable the hardware that origynahused the conflict, go to Step 18.
- If you must use all of the hardware in the systdmare is no further solution to the
problem because the conflict cannot be resolved.

Step 28: Free setting found Determine whether taereany remaining conflicts:

1. Click OK to return to the hardware list.

2. Double-click the device that had the originatftiot.

3. Click theResourcesab.

4. See if there are any remaining conflicts listethe Conflicting device lisbox.

Are there still conflicts listed?



- If all the resources are now set without any boisf, go to Step 19.

- If some or all of the resources are still cortiiig, go to Step 20.

Step 29: No free setting found You must decide tvidevice to disable. Because both
devices need to use the same resource settingnystidecide which device you want to
use. You must disable and remove the other device.

It probably is easier to remove the device that thedoriginal conflict at this point. If you
choose to remove the other device, you might smessage telling you that you still have
a conflict after you finish and restart your congutJust restart this procedure and
continue resolving the conflict.

Which device would you like to disable?
- If you choose to disable the device with the ioadyconflict, go to Step 30.
- If you choose disable the other device that daisflicting with, go to Step 31.

Step 30: Disable original conflicting device Detamen whether you have to remove the
card to disable the hardware:

1. On the hardware list, double-click the hardwitis you want to disable. If you do
not see the hardware list, cli@lanceluntil you return to it.

2. In the Device usagearea, be sure that there is a check in the box twexhe
configuration marked “Current.” If the box isn’tetked, check it now.

3. Click theResourcesab. If there is &et configuration manuallgutton, Windows
95 can free up resources for this hardware witlgout removing its card from your
computer.
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If the conflict you just resolved is listed, youncenore it. It will no longer conflict after
you restart your computer later.

When you see &et configuration manuallyutton: If you do see that button, and there are
no resource settings listed in the box, you'll needestart your computer.

1. Click OK, then clickOK again.

2. You might be prompted to restart your compu@dick Yes

When you don’t see 8et configuration manuallgutton: if no button is available, you'll

need to disable the physical hardware by removifrgin the system.

1. On the hardware list, click the plus sign (+xtn® the type of hardware that you
want to disable. If you do not see the hardwate disck Canceluntil you return to
it.

2. Click the hardware you want to disable.

3. Click Removethen clickOK.



4. You might be prompted to restart your computeu will have to remove the card
for this hardware from your computer, so you needshut down instead of
restarting. ClickNo.

5. Click theStartbutton, clickShut downthen clickYes When the message says it is
safe to do so, turn off your computer and remoeectird from your computer.

6. Restart your PC and check if your problem hambiesolved.

This should correct the conflict and complete ywaubleshooting procedure.

Step 31: Disable other conflicting device Determirieether you have to remove the card
to disable the hardware:

1. On the hardware list, double-click the hardwitis you want to disable. If you do
not see the hardware list, cli@lanceluntil you return to it.

2. In theDevice usagarea, click the box next to the configuration madrk€urrent”
to remove the check mark.

3. Click theResourcesab. If there is &et configuration manuallgutton, Windows

95 can free up resources for this hardware withautr removing its card from
your computer.

Do you see &et configuration manuallyutton?

- If you see the button, go to Step 32.

- If you don’t see the button, go to Step 33.

Step 32: Disable the other device Determine whetiexe are any remaining conflicts:

Click OK to return to the hardware list.

Double-click the device that had the originahftiot.

Click theResourcesab.

See if there are any remaining conflicts listedhe Conflicting device lisbox. If
the conflict you just resolved is listed, you cgnare it. It will no longer conflict
after you restart your computer later. Are theileinflicts listed?

PwbdPE
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- If there are no further conflicts, go to Step 19.
- If one or more conflicts are still listed, go$tep 34.

Step 33: Remove the other device Disable hardwarerboving it:

1 On the hardware list, click the plus sign (+) texthe type of hardware that you want
to disable. If you do not see the hardware listkaCanceluntil you return to it.

2 Click the hardware you want to disable.

3 Click Remove

Go to Step 19.

Step 34: There are still some conflicts Try settregources to conflict with only one
device:

1. Double-click a resource that is still confligi If you see a message that says “You



must clear theUse automatic settingbox before you can change a resource
setting,” clickOK to close the message, then clearliise automatic settingsox.

2. Scroll through the available resource settifgs. each value, write down the
setting and the name of the hardware it confliagte vthen clickCancel

3. Repeat steps 1 and 2 for each conflicting resour

4, Looking at the list, see if you can change #source settings so that they conflict

with only one device—preferably one you could disab

Are all conflicts now with one device?

- When all the conflicts are with only one devige,to Step 11.

- If the resources still conflict with more thaneodevice (or cannot be changed),
there is no further solution to this problem, armdi yshould probably remove the
conflicting device.

The Role Of Plug-And-Play (Pnp)

Traditional PCs used devices that required manoafiguration—each IRQ, DMA, I/O
port, and memory address space had to be spelgifseithrough jumpers on the particular
device. If you accidentally configured two or matevices to use the same resource, a
conflict would result. This would require you tmiate the offending device(s), identify
available resources, and reconfigure the offendengce(s) manually. Taken together, this
was often a cumbersome and time-consuming process.

In the early 1990s, PC designers realized thatag wossible to automate the process of

resource allocation each time the system initialiZghis way, a device needs only to be

installed, and the system would handle its con&gan without the assistance or

intervention of the installer. This concept becamewn as “Plug-and-Play” (PnP), and it

is now standard in the PC arena. PnP systems ectiju@e elements to function:

- PnP-compliant devices (such as video boards, mgddm& controllers, and so
on).

- PnP-compliant BIOS (now used in all Pentium-clagsems).

- PnP-compliant operating systems (like Windows 95)
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When the PnP system works properly, a PnP devicebeainstalled in an available
expansion slot on a PnP-supported motherboard @vimP BIOS). When Windows 95
starts, it recognizes the new PnP device, assigssurces, then attempts to install the
proper protected-mode driver (which could be instafrom manufacturer’s floppy disk or
a Windows 95 installation CD). Thereafter, the sgst'remembers” the new device and
reconfigures it each time the system starts. Ilge#lithe PnP device is ever removed,
Windows 95 would automatically clear the devicendrits “system,” and free the resources
for other devices However, if any of these elemanésmissing, devices will not be “auto-
configured.” For example, PnP won't work under D@®ugh there are DOS PnP drivers
that can be used to initialize PnP devices). Oldenper-configured devices (calléshacy
device$ also won’t support PnP, and resources need teserved for legacy devices to
prevent the PnP system from ignoring them entirely.
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