
Chapter 11: Preventive Maintenance and Backups 481 

data good-bye. If all goes as intended and the program works 
without flaw and your system doesn't lose power during the 
process, your data will be intact and the restore operation will not 
be needed. 

How often should you do this reformat? The answer depends mostly 
on the types of drives that you have. If the drives are really 
inexpensive-drives such as the Seagate ST-2XX series-and you 
have them formatted under ST-506/412 with RLL encoding, you 
probably will have to do the reformat more than once a year. People 
who have to support large installations set up like this example 
become known as "hard disk reformatting specialists." A joke in the 
industry is that some of these drives actually require winter and 
summer formats because of temperature sensitivity! This "joke" is 
actually the truth in some cases. 

If you have the ST-2XX series with MFM, you will have to reformat 
anywhere from every six months to once every two years. Usually 
every year is a rule of thumb if you don't leave the system running 
continuously. If the system runs continuously, you can reformat 
every two years or more. 

If you have one of the better stepper motor drives with a rubber 
isolated HDA that is not running RLL under ST-506/412, you may 
have to reformat only every two years. The best way to tell is to 
note how often, on average, you have to reformat a disk to repair a 
read/write problem and head the problem off by performing the 
format before data loss occurs. 

Note that this discussion does not apply to voice coil drives because 
they do not have the problems with hysteresis over time that the 
stepper motor drives do. Hysteresis is a measurement of the repeat 
positional accuracy of a drive. In other words, you measure 
hysteresis by commanding a drive to position to a particular cylinder 
and then, at some later time and different temperature, by again 
commanding the drive to position to the same cylinder. The voice 
coil drive always positions to the same position relative to the disk 
platter due to the track following servo guide head, but the stepper 
motor drive is "fooled" by temperature and any other environmental 
or physical stress changes because it is essentially a "blind" 
positioning system. 
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Examining the Operating 
Environment 
Oddly enough, one of the most overlooked aspects of microcomputer 
preventive maintenance is protecting the sizable investment in 
hardware from environmental abuse. Computers are relatively 
forgiving, and they are generally safe in an environment that is 
comfortable for people. Computers, however, are often treated with 
no more respect than desktop calculators, and the results of this 
type of abuse are many system failures. Before you acquire a 
system, you should prepare a proper location for that system. 

The proper location is one that is away from airborne contaminants 
such as smoke or other pollution. The system should not be exposed 
to any direct sunlight, such as light from a window. And because of 
temperature variations near a window, staying entirely away from 
windows is a good idea. The system should have an environmental 
temperature that is as constant as possible. Power should be 
provided through properly grounded outlets. This power should be 
stable and free from electrical noise and interference. And the 
system should be kept away from radio transmitters or any other 
sources of radio frequency energy. 

Heating and Cooling 
You must ensure that the system operates in an ambient 
temperature that is within the system's specified functional range. 
Most manufacturers provide data as to the correct operating 
temperature range for their systems. Two temperature specifications 
may be available: one indicating allowable temperatures for when 
the system is running and another indicating allowable temperatures 
for when the system is off. 

IBM, for example, indicates the following temperature ranges as 
acceptable for the AT: 

AT system turned on: 60 to 90 degrees Fahrenheit 
AT system turned off: 50 to 110 degrees Fahrenheit 

Some systems may encounter variations in temperature, which 
presents real problems. You should try to run a system at a constant 
ambient temperature, or several problems can occur. You may 
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encounter excessive chip creep. If the variations are extreme and 
occur over a shott period of time, signal traces on circuit boards can 
crack and separate, solder joints can break, and accelerated 
corrosion of contacts in the system can occur, as well as a host of 
other problems. Try to keep the environmental conditions around the 
system unit as constant as possible to reduce these types of 
problems. 

Hard disk drives can be affected by temperature variations. Writing 
to a disk at very different ambient temperatures can (on some 
drives) cause data to be written at different locations relative to the 
actual track centers, which accelerates read and write problems 
later. For the health of the disk and the data it contains, avoid rapid 
changes in ambient temperatures. If rapid temperature changes do 
occur(for example, when a new drive is shipped to a location during 
the winter and then is brought indoors), you should allow the drive 
to acclimate to room temperature before operating it. In extreme 
cases, condensation will form on the platters inside the drive Head 
Disk Assembly. This condensation will be disastrous for the drive if 
it is powered on before the condensation is allowed to evaporate. 
Most drive manufacturers specify a timetable based on beginning 
and ending temperatures that you should use as a guide to 
acclimate a drive to room temperature before operation. Several 
hours to a day usually will be needed for a drive to be ready to 
operate after it has been shipped or stored in a cold environment. 

The bottom line here is that temperature changes do affect a system 
due to the physical stress from thermal expansion and contraction. 
This stress can break circuit traces, crack solder joints, damage solid 
state components such as chips, and play havoc with hard disk 
drives. Although most office environments will not provide any 
problems, some specialized cases may exist where this type of 
problem may appear. So do give some consideration to the 
placement of your equipment. 

Power Cycling (On/Off) 
As you have just learned, the temperature variations a system 
encounters cause a great deal of stress to the physical components 
making up the system. But the largest temperature variations a 
system usually encounters are those that occur during system warm­
up from an initial power on. Powering on a cold system subjects it to 
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the greatest internal temperature variations possible. For these 
reasons, limiting the number of cold power-on cycles a system is 
exposed to greatly improves the system's life and reliability. 

If you want a system to have the longest, most trouble-free life 
possible, you should take any steps possible to limit the temperature 
variations that the system will encounter. Two simple ways are 
available to limit the extreme temperature cycling that occurs during 
a cold start-up. You can leave the system off all the time or leave it 
on all the time. Of these two possibilities, of course, you will want to 
choose the latter option. Leaving the power on is the best way I 
know to promote system reliability. I recommend that you keep the 
system unit powered on continuously. 

Think about the way light bulbs fail, and you will understand that 
thermal cycling can be dangerous. When do light bulbs burn out the 
most? When you first turn them on. The reason is that the filament 
must endure incredible thermal stresses when changing temperature 
from ambient to several thousands of degrees in less than one 
second. Some people argue that you should leave the system on 
because of the electrical shock from the inrush of power when the 
system is started. But solid state components really are not affected 
by this because the amount of power they consume is relatively 
small for each component. 

The problems that can occur at immediate power on are in the 
power supply. The start-up current draw for the system and for any 
motors in the system is quite high compared to the normal operating 
current draw. Because all this current must come from the power 
supply, it has an extremely demanding load for the first few seconds 
of operation, especially if several disk drives are to be started. 
Motors are nasty with power-on current draw. This demand often 
overloads a marginal circuit or component· in the supply and causes 
it to burn or break with a "snap." I have witnessed the death of 
several power supplies right at power-on time. Keep the temperature 
of solid state components constant and limit the number of start-ups 
that you put the power supply through. The only way to do this is to 
leave on your system. I run all my systems 24 hours a day, 7 days a 
week, all year. 

Because of realities such as systems that are unattended during 
night or weekend hours, security problems, power consumption 
issues, and so on, you may not be able to leave your systems on 24 
hours a day, 7 days a week. A compromise is in order. Power on the 
system only once a day. Take this good advice and don't power the 



Chapter 11: Preventive Maintenance and Backups 485 

system on and off several times each day. I often see this situation 
when systems are shared by several users. Each user powers on the 
system to perform some work on the PC and then powers off the 
system when done. The next user comes into the office later, after 
the system has been cooling for some time, and repeats the cycle. 
These systems tend to have many more problems with component 
failures. 

If you are concerned about running your hard disk continuously, let 
me dispel any fears. Running your hard disk continuously may be 
the best thing you can do for your drive. By leaving the drive 
powered on, you have the best method for reducing the 
temperature-change-induced read and write failures that many 
drives experience. If you are using extremely inexpensive drives 
with stepper motor actuators, leaving the drive running constantly 
improves reliability several times over and increases the time 
between low-level formats due to mistracking. The bearings and 
motors in a drive also function longer if the power-on temperature 
cycling is reduced. If you ever have had a disk that wouldn't boot 
after the drive was turned off for a prolonged period (over the 
weekend, for example) and fixed the problem by a subsequent low­
level format, you most likely WOUldn't have had the problem if your 
drive had remained powered on. 

If you are in a building with an automatic thermostat, you have 
another reason to be concerned about temperatures and disk drives. 
Some buildings have thermostats that turn off the heat overnight or 
over the weekend. These thermostats are programmed to bring up 
the temperature rapidly right before business hours each day. In 
Chicago, for example, the outside temperatures in the winter can dip 
to 20 degrees below zero (not including the wind-chill factor). An 
office building interior temperature can drop as low as 50 degrees 
during the weekend. When you arrive Monday morning, the heat has 
been cranking for an hour. But the hard disk platters have not yet 
reached even 60 degrees when you turn on the system unit. During 
the first 20 minutes of operation, the disk platters rapidly rise in 
temperature to 100 degrees or more. If you have an inexpensive 
stepper motor hard disk and actually begin writing to the disk at 
these low temperatures, you are in for trouble. Again, many systems 
with these "cheap" drives don't even boot properly under these 
circumstances and must be warmed up before they even boot DOS. 

Here is some good advice: If you will not leave on the system 
permanently, at least allow the system to warm up for 15 minutes or 



486 Upgrading and Repairing PCs 

more before writing to the hard disk. Power up the system and go 
for a cup of coffee, read the paper, or do whatever you need to do; 
but wait 15 minutes before using the system. This practice will do 
wonders for the reliability of the data on your disk! 

One problem can occur if you leave on your system all the time. The 
problem involves your monitor or display. Leaving on your display is 
just as good as leaving on the rest of the system, but you should 
make sure that the screen is blank so that nothing shows on-screen. 
The phosphor on the picture tube can burn if an image is left on the 
screen continuously. The higher persistence phosphor monochrome 
screens are most susceptible, and the color displays with low­
persistence phosphors are the least susceptible. If you ever have 
seen a monochrome display with the image of 1-2-3 permanently 
burned in-even while the display is off-you know what I am 
talking about. The monitors that display flight information at the 
airport also show these phosphor burn effects. 

Several ways are available for you to eliminate information from the 
screen, or blank it, while leaving the monitor powered on. One way 
is to turn the brightness and contrast levels all the way down. This 
technique is quite effective, but it is a manual method; the operator 
must remember to do the job. To have the screen blank without 
operator intervention, you can purchase one of the commonly 
available programs that accomplish this task. These programs 
usually run as Terminate and Stay Resident (TSR) programs. The 
program watches the clock and the keyboard simultaneously; if the 
program sees several minutes go by with nothing being typed at the 
keyboard, it shuts off all signals to the display, blanking the screen. 

These programs have their own quirks, such as incompatibilities 
with some software, but they generally are one of the best solutions 
in a larger company. You can, of course, just turn off the display but 
leave on the system unit. That procedure saves the phosphor in the 
display and allows the system unit to have the benefits of reducing 
temperature variation. 

Static Electricity 
Static electricity can cause numerous problems with a system. These 
problems usually appear during the winter months, when humidity 
is low, or in extremely dry climates, where the year-round humidity 
is low. In these cases, you may need to take special precautions to 
ensure that the systems can function properly. 
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Static discharges outside the system unit chassis are rarely a source 
of permanent problems in the system. The usual symptom is in the 
form of a parity-check (memory) error or a totally locked up system. 
Because of static problems of this sort, I have seen systems lock up 
if an operator simply walks by. Any time the system unit is opened 
or you are handling circuits outside the system unit, however, you 
must be more careful with static. You can damage a component with 
static discharges if these charges are not routed to a ground. I 
usually recommend that you handle boards and adapters by a 
grounding point first, to minimize the potential for any static 
damage. But most static problems experienced by functional systems 
are caused by improper grounding. 

One of the easiest ways to prevent static problems is with a solid 
stable ground, which is extremely important for computer 
equipment. A poorly designed grounding system is one of the 
largest causes of a poor computer design. A good way to solve static 
problems is to prevent the static signal from getting into the 
computer in the first place. The chassis ground in a properly 
designed system serves as a static guard for the computer to 
redirect the static charge safely to the ground, which means that the 
system must be plugged into a properly grounded three-wire outlet. 

If the problem is extreme, you can resort to other measures. One is 
to use a properly grounded static mat underneath the computer. 
Touch this mat first before touching the computer itself. This 
procedure ensures that any static discharges are routed to the 
ground, away from the system unit internals. If problems still 
persist, you may want to check out the electrical building ground. I 
have seen installations where three-wire outlets exist, but they are 
not properly grounded. You can test the outlets with an inexpensive 
outlet tester, which you can purchase at most hardware stores. 

Power Line Noise 
A system needs a steady supply of clean power to run properly. In 
some installations, the power line that the computer is connected to 
also serves heavy equipment, and the voltage variations resulting 
from the cycling of this equipment can cause problems with the 
computer system. Certain types of equipment on the same line also 
can cause voltage "spikes," short transients of sometimes 1,000 volts 
or more, which actually can cause physical damage to the computer. 
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Although rare, these spikes obviously can be crippling. In addition, 
the quality of the power varies, even on a dedicated circuit. 

Noise in digital circuitry is a classic problem, but with a well­
designed system, noise should not have to be your concern. 

You should keep a few factors in mind during the site-preparation 
phase of system installation: 

• 	 If at all possible, the computer system should be on its own 
circuit, with its own breaker. This setup doesn't guarantee 
freedom from interference, but it helps. 

• 	 The circuit should be checked for a good, low-resistance 
ground, proper line voltage, freedom from interference, and 
"brownout" or voltage spikes from nearby equipment. 

• 	 A three-wire circuit is a must, but some people willingly use 
"grounding plug adapters" to adapt a grounded plug to a 
two-wire socket. This setup is not a good idea; the ground is 
there fOr a reason. 

• 	 Characteristically with power wires, noise problems increase 
with resistance, which is a function of wire size and length. 
For this reason, avoid extension cords unless they are 
absolutely necessary and are heavy-duty extension cords. 

• 	 Inevitably, you are going to want to plug in some other 
equipment. Plan ahead so you can avoid temptations to use 
too many items on a single outlet. If possible, provide a 
separate power circuit for noncomputer-related accessories. 

Here are some of the worst power corrupters of a PC system: 

• 	 Air conditioners 

• 	 Coffee makers 

• 	 Copy machines 

• 	 Laser printers (same as copy machines) 

• 	 Space heaters 

• 	 Vacuum cleaners 

• 	 Power tools 

Any of these items can draw an excessive amount of current and 
play havoc with any PC systems on the same electrical circuit. I 
know of some offices in which all the computers crash daily at 9:05, 
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when all the coffee makers are turned on! Also watch the copy 
machines and laser printers; these components should not share a 
circuit with any computer equipment. Another big problem in larger 
companies involves the interconnecting office dividers or carrels. 
Many of these dividers contain their own electrical circuit that is 
used to power everything in the "office." They interconnect and 
plug into each other, so I pity the person at the end of the electrical 
chain. 

I have seen cases of a personal computer with a repeating parity­
check problem, and all efforts to repair the system seemed in vain. 
The problem occurred again and again. The reported error locations 
from the parity-check message also were inconsistent, which is my 
clue that the problem is with power. The problem could have been 
the power supply in the system unit itself or the external power 
supply from the wall outlet. This problem was solved one day when 
I was standing back watching the system and observed the parity­
check message occur just as the person two dividers down turned 
on a copy machine. Placing the computers on a separate line solved 
the problem. 

By following the guidelines indicated here, you will be creating the 
proper power environment for your systems, which will allow 
trouble-free operation. 

Radio Frequency Interference (RFI J 

An item that can be overlooked at times is Radio Frequency 
Interference (RFI). This problem is caused by any source of radio 
transmissions that may be near the computer systems. Living next 
door to a 50,OOO-watt radio station is one sure way to have 
problems, but less powerful transmitters cause problems too. 
Portable radio telephones can cause problems; sporadic keystrokes 
appear as if an invisible entity is typing on your system. At other 
times, the system locks up completely because of this problem. 

The solutions here are more difficult to state; each case probably 
will need to be handled differently. Sometimes, merely reorienting 
the system unit eliminates the problems because radio signals can 
be directional in nature. At other times, you will have to invest in 
specially shielded cables for any wires that run outside of the 
system, including the keyboard cable. The best way to eliminate the 
problem is to correct it at the source. Filters sometimes can be 
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added to a radio transmitter that will suppress spurious emissions 
that can cause problems. And the problems sometimes will persist 
until the transmitter is switched off. RFI problems obviously can be 
difficult to track down and solve! 

By the way, remember that your own systems also can be a source 
of RFI. Computer equipment must meet one of two classifications to 
be certified and salable according to the FCC: either Class A or 
Class B. 

Class A is a specification for computing devices that are sold for use 
in commercial, business, and industrial environments but must not 
be used in residential environments. Class B indicates that the 
equipment has passed more stringent tests that allow the equipment 
to be used in residential environments as well as any environments 
allowed under Class A. IBM ensures that all the systems it sells 
meet the more strict Class B designations. In fact, one of the main 
reasons for the Micro Channel Architecture design was to exceed 
these FCC classifications by a wide margin. IBM knew that as 
computing clock speeds go up, so do the radio emissions. You are 
goingto see clock rates of 33 MHz and 40 MHz in the near future, 
and IBM will have a distinct advantage over any manufacturers still 
using the by then antique AT bus deSigns. Those vendors using the 
old bus design will have to invest in expensive chassis and case 
shielding to combat the problem, which will put IBM at a real 
manufacturing cost advantage. 

Dust and Pollutants 
Dirt, smoke, dust, and any other pollutants are not good for your 
system. The power supply fan will ensure that anything airborne 
will be carried through your system and collect inside. If the system 
is to be used in an extremely harsh environment, you may want to 
investigate some of the industrial model systems on the market for 
these types of conditions. IBM used to sell an industrial model of the 
XT and AT systems, but these models were discontinued when the 
PS/2 was introduced. So far, no industrial model PS/2 systems are 
available. 

Compatible vendors, however, have filled this niche; many 
companies make special "hardened" versions of their systems for 
harsh environments. These systems usually use a different cooling 
system than the normal PC. A large cooling fan is used to pressurize 
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the case rather than depressurize it like most systems do. The air 
that is pumped into the case passes through a filter unit that must 
be cleaned and changed periodically. The system is pressurized so 
that no contaminated air can flow into the system. Air only flows 
outward. The only way for air to enter is through the fan and filter 
system. 

These systems also may have special keyboards that are impervious 
to liquids and dirt. Some of them are flat membrane types of . 
keyboards, which are difficult to type on but are extremely rugged, 
and others resemble the standard types of keyboards but have a thin 
plastic membrane that covers all the keys. This membrane also can 
be added to the normal types of keyboards to seal them from the 
environment. 

Cigarette smoke causes problems with the floppy disk drives in most 
systems because these drives are a direct entry point for incoming 
air. And the contaminants in cigarette smoke accelerate corrosion on 
the internal connectors and sockets in the system, which renders the 
system unreliable. You will be forced into more frequent cleaning 
sessions if smoking is permitted near the computers. 

A new breed of humidifier also causes problems. This new type of 
humidifier uses ultrasonics to generate a mist of water that is 
sprayed into the air. Although the extra humidity will be beneficial 
for curing any problems with static electricity resulting from a dry 
climate, the contaminants in the water can cause many problems! If 
you do use one of these systems, you usually will begin to notice a 
white ashy sort of deposit forming everywhere. This deposit is the 
result of minerals that are suspended in the water. These minerals 
are abrasive, not to mention corrosive. If this deposit collects on the 
disk drive heads, it ruins the heads and scratches any disks that are 
inserted. The only safe way to run one of these ultrasonic 
humidifiers is with pure distilled water. The costs of doing so will 
soon make you consider other options, like disconnecting the unit 
permanently. 

You should use the standard type of water bath humidifier and place 
it in a different room than the computer system if possible. This type 
will eliminate most of the lime and mineral deposits that can form 
because they will not be carried aloft by this type of unit like they 
are with ultrasonic units. 

Do your best to keep the environment clean, and you will find that 
your system will run better. And you will not have to open your unit 
nearly as often for a complete preventive-maintenance cleaning. 
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Using Power-Protection Systems 
Power-protection equipment can come in many varieties and is quite 
confusing to most people who are not acquainted with what is 
available. In this section, you will learn about the types of systems 
that are available. Note, however, that under normal conditions in a 
typical office environment, no such special equipment is necessary. 
Under some special instances, though, special steps should be taken 
in the form of a power-protection device. 

Before considering any further levels of power protection, you may 
be interested to know that the power supply in your system 
(provided that it is a good one) already affords you a substantial 
amount of protection. The power supplies in mM equipment are 
designed to provide over-voltage protection, over-current protection, 
and power conditioning. The power supplies will protect your PC 
from many power problems that normally would be considered 
harmful. 

An independent laboratory subjected several PC power supplies to 
various 6,000-volt spikes and surges. All the power supplies 
protected the actual equipment from damage; the worst thing that 
happened was that some of the systems rebooted if the surge was 
more than 4,000 volts, and others shut down when the voltage spike 
was more than 2,000 volts. Each system sustained no damage and 
was restarted when the power switch simply was toggled. 

I do not use any form of power protection on my systems and have 
had some incredible power surges at my location. I personally 
witnessed my systems survive near-direct lightning strikes and 
powerful surges, and the worst that happened was that the systems 
shut down. I recently lost a modem to such a surge, but all the 
system units (four running at the time) survived with absolutely no 
damage. They merely shut themselves down. 

This shutdown is a built-in function of the supply, and you can reset 
the supply by flipping the switch from on to off and back again. The 
power supply in the PS/2 Model 80 is an autorestart supply. This 
power supply acts the same as the others in an over-voltage 
situation- by shutting everything down - but the difference is that 
after normal power resumes, this supply resets itself and powers the 
system back up. This feature is desirable for any system that is 
functioning as a network file server or for any system in a remote 
location because no manual resetting is required. 
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The first time I witnessed a large surge with an immediate 
shutdown of all the systems, I was extremely surprised. All the 
systems became silent, but the monitor and modem lights were on. I 
thought that everything was blown, but a simple toggle of each 
system unit power switch reset the power supplies, and the units 
powered up without further incident. 

Since that first time, this shutdown has happened several more 
times, always without further incident. If your system has a 
reasonably well-made power supply, as all the IBM systems do, you 
already have a high level of protection built into the system. Some of 
the very inexpensive aftermarket power supplies probably do not 
have this sort of protection, so be careful if you have an inexpensive 
clone system. In those cases, further protecting your system may be 
wise. 

Four main types of power-protection devices are available: 

• Surge suppressers 

• Line conditioners 

• Standby Power Supplies (SPS) 

• Uninterruptible Power Supplies (UPS) 

Surge Protectors 
The simplest form of power protection is anyone of the 
commercially available surge protectors, devices that are inserted 
between the system and the power line. These devices cost 
between $20 and $200. These units can absorb the high-voltage 
transients produced by nearby lightning strikes, power equipment, 
and so on. Surge protectors can be effective; but some of the 
protectors do very little, and others actually work as advertised. 

These surge protectors use various devices, usually Metal Oxide 
Varistors (MOVs), which can clamp and shunt away all voltages 
above a certain level. These devices are designed to accept voltages 
as high as 6,000 volts and divert any power above 200 volts to 
ground. These devices take care of normal surges, but surges such 
as a direct lightening strike blow right through them. These devices 
also can lose their effectiveness with successive surges. 
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I find that these types of devices provide little protection beyond 
what the power supply in the PC already does, and I usually do not 
recommend them. From another perspective, however, these devices 
probably cannot do any harm to the system, so why not use one? 
Note that any of the better units cost around $100, and most of the 
inexpensive $25 units are not really worth much. I call these 
inexpensive units "placebos" because they do not give your system 
any advantage but may give you some psychological comfort. 

If you do decide that a surge protector is what you need, I can 
recommend a few of them. In a comprehensive test done by PC 
Magazine in May, 1986, several surge protectors were subjected to 
6,000-volt surges. The testers then measured the voltages that were 
allowed through the units. The protectors made by PTI Industries 
and Dynatech Computer Power carne out on top. 

You will find a list of all recommended vendors in the Appendix. 

line Conditioners 
Besides over-voltage or over-current conditions, other problems can 
occur with incoming power. The voltage may dip below the level 
needed to run the system, which is called a brownout. Other forms 
of electrical noise may be on the power line, such as radio frequency 
interference or electrical noise caused by motors or other inductive 
loads. 

Remember two things when wiring together digital devices (such as 
computers and their peripherals). Any wire is an antenna and will 
have a voltage induced in it by nearby electromagnetic fields, which 
can corne from other wires, telephones, CRTs, motors, fluorescent 
fixtures, static discharge, and, of course, radio transmitters. Also, 
digital circuitry responds with surprising efficiency to noise of even 
a volt or two, making those induced voltages particularly 
troublesome. 

The line conditioner is designed for a wide variety of problems; it 
filters the power, bridges brownouts, suppresses over-voltage and 
over-current conditions, and generally acts as a buffer between the 
power line and the system. The line conditioner is a real "surge 
suppresser," and it does much more. The line conditioner is an 
active device as opposed to a passive, cheaper surge-protector 
device. Line conditioners provide true power conditioning and can 
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take care of myriad problems. They contain transformers and other 
circuitry that can bridge a brownout or low-voltage situation 
temporarily. These units cost several hundreds of dollars, depending 
on the capacity of the unit. 

Backup Power 
At the next level, you enter the world of backup power-protection 
devices. Two types are available. One is the Standby Power Supply 
(SPS), and the other is the Uninterruptible Power Supply (UPS). 
These units can provide power in the case of a complete blackout, 
which provides the time needed for an orderly shutdown of the 
system. The UPS is a special device because it does much more than 
simply provide backup power. The UPS is also the best kind of line 
conditioner that you can purchase. 

Standby Power Supplies {SPSJ 

The SPS is a system that uses a special circuit that can sense the 
AC line current. If the sensor detects a loss of power on the line, the 
system quickly switches over to a standby battery and power 
inverter. The power inverter converts the battery power to 110-volt 
AC power, which is then supplied to the system. 

These systems do work, but sometimes a problem occurs with the 
switch to battery power. If the switch is not fast enough, the system 
unit shuts down or reboots anyway, which defeats the purpose of 
the backup power supply in the first place. These units also mayor 
may not have any internal line conditioning of their own; many units 
simply place you· directly on the regular power line under normal 
circumstances and offer no conditioning at all. Such a system still 
may require the use of a line conditioner for full protection. These 
SPS systems usually cost from $200 to several thousand dollars, 
depending on the output capacity. 

Uninterruptible Power Supplies (UPS) 

The best overall solution to any power problems is to provide a 
power source that is completely uninterruptible. These systems are 
known as true UPS systems and are constructed much the same as 
the SPS systems, with the exception of the switching circuit. 
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In a true UPS, you are running off of the battery and inverter all the 
time. You essentially have your own private power system that 
generates its own power completely independent of the AC line. A 
battery charger is connected to the line or wall current. It must keep 
the battery charged at a rate equal to or greater than the rate at 
which power is consumed. When power is disconnected, the true 
UPS continues on, because the battery charger is all that is lost. 
Because you always are running off of the battery, no switch takes 
place and no system disruption is possible. The battery now begins 
discharging at a rate dictated by the amount of load your system 
places on the unit, which gives you plenty of time to execute an 
orderly shutdown of the system. Based on an appropriately scaled 
storage battery, the UPS functions continuously, generating power 
and preventing unpleasant surprises. 

UPS cost is a direct function of the length of time it can continue to 
provide a given amount of power. Therefore, purchasing one that 
allows you just enough time to close files and provide an orderly 
shutdown may be sufficient. In most "micro" applications, this 
solution is the most cost-effective. The UPS systems cost from $1,000 
to tens of thousands of dollars, depending on capacity. 

Many SPS systems are masquerading as true UPS systems. In the 
power-protection industry, many companies advertise UPS systems 
that are not the real thing. The dead giveaway is the unit's "switch 
time." If any specification for switch time exists, the unit cannot be 
a true UPS because they never switch. 

Because of total isolation from the line current, the UPS is also 
unmatched as a line conditioner and surge suppresser. The UPS is 
simply the best and most desirable form of protection. The only 
issue is cost, which can be quite high. A real UPS costs from $1 to 
$2 per watt of power supplied. To find out just how much power 
your system requires, simply take a look at the UL sticker on the 
back of the unit. This sticker lists the maximum power draw in 
watts, or sometimes just volts and amperes. If only voltage and 
amperage are listed, simply multiply the two together to obtain a 
wattage figure. 

As an example, the back of an IBM PC AT Model 339 indicates that 
the system can require as much as 110 volts at a maximum current 
draw of 5 amps. The most power that this AT ever can draw is 
about 550 watts. This wattage is for a system with every slot full, 
two hard disks, and one floppy - the maximum level of expansion 
possible, in other words. The system cannot draw any more power 
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than that. If it does, a 5-ampere fuse in the power supply will blow. 
On average, the system probably will draw only 300 watts; but to be 
safe when making calculations for UPS capacity, use the 550-watt 
figure. To run two fully loaded AT systems, you need an 1100-watt 
UPS. And don't forget two monitors, each drawing 100 watts, so the 
total is 1300 watts. A UPS of at least that capacity or greater is 
required, to provide for some "headroom." Don't run a UPS beyond 
its capacity because the battery may not be able to keep up with the 
load. 

Besides the total available output wattage, several other factors can 
differentiate one UPS from another. The best units produce a true 
sine wave output, and the cheaper ones generate a square wave. 
Each unit has a specification for just how long it can sustain output 
at the rated level. If your systems draw less than the rated level, you 
will have some additional time. But be careful. Most UPS systems 
are not designed for you to sit and compute for hours through an 
electrical blackout. These systems really are designed to provide 
power to whatever is needed, to remain running long enough to 
allow for an orderly shutdown. You will pay quite a sum for any 
units that provide power for more than 15 minutes or so. 

Finally, remember that the system units should be well grounded­
and not just for human safety. A good ground system acts as an 
electromagnetic shield, which in the process alleviates some of the 
dangerous effects of static. Also note that the built-in power 
protection of most systems is adequate for normal situations. And for 
the extreme cases, a UPS is your best bet for power protection as 
well as backup power in the case of a total blackout. 

Using Data Backup Systems 
When I am done repairing a system that has suffered a disk crash of 
some kind, I can guarantee that the disk subsystem will be 
completely functional. What I cannot guarantee is that any of the 
original files will be on the disks. In fact, generally, I can guarantee 
that the disk will be wiped clean! The system user will have to 
reinstall all the lost data from backup. If no backup was done, no 
more data will exist! 

Nothing will destroy a person's faith in technology faster than telling 
that person that the last year or more of work (in the form of disk 
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files) is no longer there! "Have you backed up your disk today?" 
would be a catchy phrase for a bumper sticker. Be sure that your 
data is intact in the form of one or more backups, because if your 
system goes down, you may never see the data again. Never let a 
backup interval go longer than what you are willing to lose to a 
catastrophe. You can always reload or even repurchase copies of 
software programs that may have been lost, but you cannot buy 
back your own data. 

Many users' definition of "fixing" a system is to have everything as 
it was, including the files on the disks. They do not understand that 
although the hardware always can be "fixed" (even if it means 
replacing everything), the data mayor may not still be available. 
Data recovery is almost an art and can be very difficult, time­
consuming, or even impossible in many situations. I cannot over­
stress the need for complete and up-to-date backups. 

Backup Policies 
All users and managers of computer systems should construct a plan 
for regular backups of the disks. Someone in the office should have 
responsibility for performing these backups so that the job is not left 
undone. A backup interval should be selected based on the amount 
of activity on the system. Some users will find that daily backups are 
required, and others will find that a weekly arrangement is more 
suitable. Backups rarely will need to be scheduled at more than 
weekly intervals. Some users will settle on a mixed plan: weekly 
complete backups with daily backups of only the changed files. 

The procedures for backing up and for dealing with copy protection 
are explained in the following sections. 

Backup Procedures 

Backups should be performed to removable media. Backup is not 
proper when performed on nonremovable media such as another 
hard disk. Because of the low cost of hard disks today, some users 
actually install two hard disks and back up one to the other. Even 
worse, some users split a single disk into two partitions and back up 
one partition to the other. These backups are false backups because 
they are not really safe. What if the system is subjected to a massive 
electrical surge or failure? The contents of both drives may be lost. 
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What if the system is stolen in the middle of the night? Again, both 
backups will be lost. What about physical damage such as a fire? Or 
suppose that the table holding your system collapses? Again, all 
data will be lost. You cannot justify any backup that is not done to 
removable media, which can be taken out of the system and stored 
in a safe place. 

Perform your backups to removable media on a rotating basis. A 
good arrangement is to use a tape backup system with three tapes 
per drive. Each week, the data is backed up to a single tape. The 
second week, a second tape is employed. That way, if restoring is 
necessary and this second tape has been damaged, you always can 
use the preceding week's backup. The third week, you should use 
another tape again, and you should place the first tape in a different 
physical location as insurance against fire, flood, theft, or other 
disaster. The fourth week, each of the tapes are rotated so that the 
off-site tape now is used again for backup, and the second tape is 
moved off-site. This system always has two progressively older 
backups on-site, with the third backup off-site as a form of disaster 
insurance. Only removable media can provide this type of flexibility, 
and tape is one of the best forms of removable media for backup. 

To provide for proper backup of your systems, try to think of every 
possible contingency and design your backup plan to counteract any 
foreseeable problem. Make your users aware of the need for backup 
and aware that nothing can be considered safe without it. 

Copy Protection 

Standing in the way of proper backup of your software is copy 
protection. Software makers would like for you to have to use your 
original master copies of programs on a day-to-day basis, and they 
would like to require that disks be available for you to place in a 
floppy drive for validation even though the system may contain an 
expensive hard disk! Needless to say, I am totally opposed to any 
form of copy protection and think that it has no place in a business 
environment. 

Any experienced computer user knows that you should never use 
any original disks when installing or configuring software. My first 
action when purchasing a program is to make a copy of the program 
and store the original away. In fact, I use the the original disk solely 
for making additional copies. This way, I am protected if I make a 
mistake in the installation or use of the software. 
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My personal response to copy protection is to boycott any software 
company engaged in this ridiculous practice whenever possible. 
Unprotected alternatives always are available for whatever program 
you desire. You even may discover that the unprotected alternative 
is actually a better program. With rare exceptions, I never purchase 
copy-protected software. For those of you who don't make the 
software purchasing decisions in your organization, however, this 
advice really cannot be followed. 

For those cases where you must use a piece of protected software, I 
can recommend special programs such as CopyWrite by Quaid 
Software Ltd. and Copy II PC by Central Point Software. With these 
programs, you can back up and even remove the protection from 
most copy-protected programs on the market. These programs cost 
around $50 and are an absolute necessity when you're forced to deal 
with copy-protection schemes. In effect, these programs completely 
nullify the protection and duplicate any software, and they even 
remove the protection from many programs. 

Remember that you have a legal right to back up your software; this 
right is guaranteed under the U.S. copyright law. Do not allow some 
software license agreement to bamboozle you into thinking 
otherwise. 

The best way to fight copy protection, however, is with your wallet. 
I don't use, purchase, or recommend any copy-protected software. 
Most companies will respond to this economic pressure; many of 
them respond by removing the protection from their programs. 
Fortunately, because of this economic pressure, the scourge of copy 
protection has almost been completely eliminated from the business­
software marketplace. 

Backup Software 
When considering your backup equipment, you will find a two-sided 
world. Hardware is available and software is available. As you will 
learn in the next two sections, the default software is poor, but 
some aftermarket software is the simplest to change. 
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The BACKUP Command 

The BACKUP and RESTORE commands have been notoriously bad 
ever since they appeared with DOS 2.0. These commands, in fact, 
have had bugs and problems that prevent proper use in several 
versions of DOS, including all versions up to 3.3. Because of these 
problems and poor performance, your best bet is not to rely on these 
programs. DOS BACKUP and RESTORE can be used with any lower 
capacity systems or when no other alternatives are available (such 
as when you're stranded on a desert island). Otherwise, you will be 
wise to consider alternatives. 

Aftermarket Software 

Investigate some of the aftermarket software designed to accomplish 
the task of backing up. I recommend these two programs: 

• FASTBACK by 5th Generation Systems 

• DS Backup by Design Software 

Even with these programs, backing up a hard disk larger than 20M 
to floppy disks generally is not acceptable. The system that I 
currently use has a 91M disk drive, which would take 247 360K 
floppy disks to back up. Have you ever tried to manage 247 floppy 
disks? Because this drive is full, I am changing to a 190M disk, 
which will require more than 500 floppy disks to back up. 
Regardless of how good these software floppy backup programs are, 
they still require the use of the floppy disk drive, which is terrible 
for backup purposes. For any disk system larger than 20 megabytes, 
you need to purchase a dedicated backup system, preferably using a 
form of removable tape. 

Backup Hardware 
As mentioned earlier, when considering backup equipment, you 
have a choice of software and hardware. In this part, you will learn 
about the default hardware (floppy drives). You also will learn that 
for a real professional solution to the backup problem, you need to 
investigate some alternative hardware designed for the task. 
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Floppy Disk Drives 

You already have a floppy drive, and that is about the only 
advantage to using one for backups-it's "free." But, remember, the 
disks aren't free. 

As I mentioned earlier, I currently need about 250 floppy disks to 
back up my system (91M). I run a system of three backups on a 
rotating basis, as described in an earlier section. Therefore, I need 
750 floppy disks to back up the system properly. I want good disks 
for my backup, which cost about $1 each, so I need to spend about 
$750 for floppy disks alone. And for the software, I could use the 
DOS BACKUP and RESTORE commands, but they are exceedingly 
slow and buggy. Using one of the faster aftermarket programs 
speeds things up. Many of these programs even compress the data 
and conserve on the number of disks used. They cost about $150. 

Now I need to sit down and feed 250 floppy disks into the drive, one 
after another, while the program fills them up. I need to label and 
number the disks so that they are not misplaced or used out of 
order. This process is time-consuming. Assume that I can handle 
each disk in 30 seconds total time. The process will take 125 
minutes or just more than two hours! When I upgrade the capacity 
of my disk to 190M, this process will take four hours and require 
1,500 disks. Now for the clincher. I currently have five systems, with 
an average capacity of 60 megabytes each. I will need nearly 2,300 
disks to back up properly by using the rotating method. That backup 
procedure costs $2,300, not including the cost of my time. 

I would be a fool even to dream about using the floppy drive to back 
up my system. Instead, I use a single tape drive and tapes that hold 
60 megabytes each. The drive costs $1,200, and the tapes are $20 
each. I need only $300 worth of tapes to achieve my triple backups 
of each system, and the tape unit currently backs up all of them. I 
have installed adapter cards in several of the systems, which allows 
me to plug in directly and back up, or I can back up over the Token 
Ring network that links the systems together. The system I use 
achieves an actual rate of 5 megabytes per minute during backups, 
which means that the average 60M system is completely backed up 
in 12 minutes front to back. I can set this system to perform the 
backup in the middle of the night, totally unattended, so none of my 
time is used. 

For a total of about $1,500, I have achieved a reliable, proper, 
complete, high-speed, and simple backup of every system that I 
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own. That is real economy. If you have more than 20 megabytes to 
back up-or more than one system-a tape backup product is the 
only way to go. Tape backup products are discussed next. 

Tape Backup Systems 

A good, reliable backup is important when you're using a large 
storage device such as a hard disk. With "all your eggs in one 
basket," you need this form of insurance. With any large disk of 20 
megabytes or greater, you should have some form of hardware 
backup device instead of just the floppy drive. Tape backup is 
available in configurations easily supporting 60 megabytes and more. 
This type of backup is fast and accurate. Remember that your data 
is probably worth much more than the physical hardware itself and 
often is simply irreplaceable. A tape system makes the backup 
convenient, and therefore the backup probably will get done. If you 
make backup a difficult, time-consuming operation, you Simply will 
forget to do it in the long run. 

Here are some parameters that describe the basic functionality of 
the tape system: 

1. Type of media 
A. DC-600 
B. DC-2000 

2. Hardware interface 
A. QIC-02 
B. SCSI 
C. SA-450 (floppy) 

3. Software 
A. Proprietary 
B. SyTOS (Sytron Tape Operating System) 

These parameters are explained in the sections that follow. 

Types of Media 

I like to stay with systems that use industry-standard media. Media 
refers to the type of tape format actually used. Although many 
different types of systems use many different types of media, I am 
concerned only with a handful of standard media types. Two primary 
standards are the 3M Data Cartridge 600 (or DC 600) and DC-2000 
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media. The type of media that you select will dictate the capacity of 
the tape unit storage. The DC-600 is the one that I really 
recommend, and it currently represents the best and most cost­
effective media type of all the standards. 

DC-600 drives currently store 60M, 125M, 150M, or 320M, depending 
on the actual format and quality of tape used. The DC-2000 media 
only stores 40M per tape and may be suitable for low-end (such as 
home) use. Make sure that the system is capable of handling your 
largest drive either directly or through the use of multiple tapes. The 
unit will allow you to change tapes in the middle of a backup 
session to achieve greater capacities, but the backup is more 
inconvenient this way and requires the presence of an operator, 
eliminating the possibility of unattended overnight backups. For the 
professional business environment or where top-performing and 
reliable backup is needed, you should select DC-600 rather than the 
DC-2000 media. 

I recommend only tape systems that use these media because they 
offer the greatest value per dollar, are the most reliable, and hold a 
large amount of storage. I recommend that you stay away from 
devices that use the 3M DC-lOOO tapes, Phillips audio types of tapes, 
or VCR tape systems. These systems are slow, prone to error, and 
inconvenient to use; some do not handle larger capacities, and they 
are just not standard. Two possibilities for future standard use are 
the Digital Audio Tape (DAT) format and the IBM 3480 type of tape 
format. These tape systems are newer and have not yet achieved a 
great deal of popularity in the PC world. 

Hardware Interface 

Of the three hardware interface standards, either the QIC-02 (for 
Quarter Inch Committee 02) or SCSI (for Small Systems Computer 
Interface) is used by all professional backup systems. The lower end 
home-use systems use the Shugart Associates 450 (SA-450) interface, 
which is the standard floppy controller. The particular interface that 
you select basically controls the speed of backup, whether an 
adapter card and slot are required, and the reliability and capacity of 
the unit. 

In the PC and XT systems with their 4-drive floppy controllers, you 
have an extra connector on the back of the floppy controller that can 
be used for tape backup units. This connector saves the use of a slot 
in these systems. Unfortunately, the AT systems require some sort 
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of multiplexer card to allow the sharing of one of the internal floppy 
ports to allow these systems to work. 

I don't recommend these floppy interface systems in general because 
they are slow, and the floppy controller lacks any form of error 
detection and correction capability, which can make the backups 
unreliable. A system using the SA-450 interface achieves a maximum 
data rate of 2M per minute, which is less than half the QIC-02 or 
SCSI interfaces. These floppy interface systems are suitable for the 
home computer user on a tight budget but should not be used in 
business or professional environments. Another problem is that the 
interface limits the capacity to 40 megabytes, and the tapes may 
need to be formatted prior to use. 

The QIC-02 interface is speCifically designed for tape backup 
products and represents a real industry standard. Most companies 
offer products that use this interface. The QIC-02 is capable of 
achieving a backup rate of 5M per minute in actual use. The 
interface itself is usually a short adapter card that requires a free 
slot in the system. You can purchase these adapters separately, 
allowing many systems to use the same externally mounted drive. 
Unfortunately, a free slot is required, which may not be possible in a 
regular PC. 

Perhaps the best hardware interface is the Small Systems Computer 
Interface (SCSI), which allows high data rates to be achieved. The 
current norm is 5M per minute as limited by the actual tape drives 
themselves. When faster media and drives are available, SCSI can 
take advantage of the greater speed. 

This interface comes in the physical form of an SCSI host adapter 
card that plugs into the system unit and can connect to the tape 
drive. Although this SCSI adapter does require a slot, it also can 
connect to other devices such as hard disk drives with embedded 
SCSI interfaces. The use of the single host adapter for as many as 
six hard disk drives and one tape unit is a strong case in favor of 
SCSI as a general disk and tape interface. The use of SCSI in the PC 
world, however, is still not as popular as the other dedicated 
interfaces. The reason is that SCSI is not as standardized as most 
manufacturers would like. 

I could recommend that you stay with the "safe" QIC-02 for tape 
and ST-506/412 or ESDI for hard drives, or I could recommend that 
you use SCSI for all the drives and tape units. The choice is yours. 
As long as you get all the necessary operating systems drivers, you 
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cannot go wrong with SCSI. I definitely think that this interface will 
become more popular in the future, and it already is overtaking the 
other interfaces in system use. 

Software 

Now you need to consider the software that is to run the tape 
system. Most manufacturers have written their own software, which 
is proprietary and used only by that particular manufacturer. In other 
words, even though you may be using a tape unit with the exact 
same media and interface, if the software is different, you will not 
be able to interchange data between the units. One type of software 
will not recognize the data formats of another proprietary software 
system. A light is at the end of the tunnel, though, in the form of a 
software system that is becoming an industry standard. The 
software is called SyTOS (Sytron Tape Operating System). 

SyTOS was developed by a company called Sytron and has been 
selected by IBM as the standard software for its units. Because of 
this IBM selection, SyTOS is now becoming a standard. Because of 
market pressures to be compatible with IBM, other tape drive 
vendors now are offering SyTOS with their systems. Two systems 
that use the same media, interface, and software will read and write 
each other's data formats. This is the advent of true data 
interchangeability among different tape manufacturers. I recommend 
that you consider using a system that runs SyTOS software for those 
reasons. Of course, the proprietary software is generally just as 
good, if not better, but you will be able to exchange data tapes only 
with other users of the same systems. 

Any software should be able to do certain basic operations. Make 
sure that the software will do what you need and only consider 
software that has the following features: 

• 	 The software can back up an entire DOS partition (image 

backup). 


• 	 The software can back up any or all files individually (file-by­
file backup). 

• 	 The software allows a selective file-by-file restore from an 

image backup as well as a file-by-file backup. 


• 	 The software can combine several backups on a single tape. 

• 	 The software can be run as commands from DOS BATCH 

files. 
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• The software will work under a network. 

• Backups can span multiple tapes. 

• Backups can be completely verified. 

If the software you are considering does not have any of these 
features, look for another system. These basic features are essential. 

Physical location: Internal or External 

Physical location is a simple factor that often is not considered in 
detail. I almost never recommend any tape backup unit that is 
mounted internally in the system unit. I always recommend that you 
purchase a tape unit that is externally mounted in its own chassis 
and that connects to the system unit through a cable and 
connectors. 

Tape units are fairly expensive, and I would never tie up a backup 
unit for only one system. The amount of time that one system 
actually will use the unit makes this proposition wasteful. With an 
external unit, I can share the backup unit with many systems. All I 
have to do is equip each system unit with the required interface. 
These extra interface cards are available for about $100 each, which 
is the total cost of adding each subsequent system to full backup 
capability. I already share my system among five computers and will 
continue adding systems to the backup pool. In some companies, the 
backup unit will be mounted on a wheeled cart so that it can be 
moved easily from computer to computer. 

Those of you with only one system may have a legitimate argument 
for using an internal system. But you will wish that you had an 
external system on the day a new system arrives. Every computer 
user I know has eventually added a second system or upgraded to a 
more powerful unit. 

A perfect example can be made with the PS/2 systems. Suppose that 
you have an internal unit in your AT and decide to upgrade to a 
PS/2 Model 50, 60, 70, or 80. You will not be able to use that same 
backup unit for the PS/2 system. But if you purchase an external 
tape system, you simply can purchase the Micro Channel interface 
board for your unit, plug it in, and back up both the earlier AT and 
the PS/2 system. External backup will not become obsolete when 
new systems are purchased. And external backup puts much less 
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strain on your system because the external unit has its own power 
supply and will not consume power from your system unit. The 
external devices simply win all the way around. 

Tape Backup Recommendations 

I recommend units from any manufacturer that meets the following 
requirements: 

Type of media: DC-600 
Hardware interface: QIC-02 or SCSI 
Software: SyTOS or good proprietary software 

Many manufacturers meet these requirements. Here are my 
favorites: 

Cipher Data Products (makes IBM's DC-600 units) 
Tecmar 
Mountain 

I usually do not like to recommend against any manufacturer, but I 
want to stress that you should evaluate carefully any units from. a 
company called Tallgrass. Tallgrass units use a nonstandard 
recording format that makes them some of the slowest systems in 
their class, and these units have had numerous reliability problems 
due to a total disregard of any industry-standard interfaces or 
formats. Also carefully compare to other systems any DC-lOOO units 
from any company for these same reasons. I would simply avoid 
DC-lOOO media units. Before selecting any of these units, make sure 
that you compare them to other more industry-standard devices. Any 
unit that meets the specifications I mentioned previously is sure to 
be a great product. 

Examining Warranty and 
Service Contracts 
Warranties are a fairly recent trend in the industry. IBM now offers a 
one-year warranty on all its systems, which sets a new standard for 
others to live up to. In the past, when IBM offered only a gO-day 
warranty, many other manufacturers followed IBM's lead and did the 
same. Much the same as in the auto industry, when one of the big 
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players starts to "up" the warranty period as a major selling feature 
of the system, other manufacturers in competition follow suit. The 
standard warranty is now a full year, and some companies even 
offer two-year warranties. 

IBM has a unique option for the warranties on PS/2 systems; you 
can upgrade the warranty to a full on-site service contract for $25! I 
personally think this option is amazing. If I exercise this option for 
$25, any time my system has a problem during the first year, I can 
call IBM and the company will have to send someone to my location 
to repair the unit on my site as a free warranty repair! One car ride 
to a service center costs me more than $25 in wasted gasoline and 
time, so this option is worthwhile, to say the least. I would pay the 
$25 just for the pleasure of having the service people come to me for 
an entire year. Because of this IBM "feature," other companies also 
are offering inexpensive warranty upgrades and service contracts. 

My own personal philosophy is that service contracts are not worth 
the price in most cases. I have working experience in the retail 
computer environment, and I know what a service contract really is 
all about. A service contract usually is a way for the dealer or 
vendor to have a monthly paycheck coming in with little or no effort. 
Most service contracts are about 10 to 15 percent of the cost of the 
system each year. A service contract for a $5,000 system, for 
example, costs $500 to $750 per year! 

As an example, the standard IBM Customer Carry-in Repair (CCR) 
service contract for the AT Model 339 is about $550 per year, which 
works out to be the price of the 30M hard disk and controller each 
year. IBM's exchange price on the motherboard is also about that 
price. You have to bring the system to IBM, and this contract does 
not cover any extra accessories that you have added. Only the 
original equipment is covered. Knowing the real-world reliability of 
these systems, the dealers make a bundle by charging these figures. 

These prices may affect the type of service you get. Many people 
with a service contract believe that the high cost is justified. Often, 
when a user has a problem, a service person pays a visit and tells 
this user that the entire motherboard is bad or the hard disk needs 
to be removed, and the service person replaces it. The trend in 
outbound service is to replace everything until the system works 
and take the old parts back to the shop where they can be 
diagnosed and repaired properly. But, remember, most hard disks 
are "repaired" with a low-level format. The service person replaces 
your disk with the spare that he or she brings along, because 
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replacing the disk is faster, and leaves the impression that your 
expensive service contract is really worth the price; you get a "new" 
hard disk because yours was "defective." In reality, though, the 
"defective" drive is taken back to the shop and low-level formatted. 
And, eventually, it will end up in somebody else's system in the 
same manner. 

The motherboards often are handled the same way. Instead of 
properly diagnosing a memory problem down to the chip or 
component level in the field. the service person simply tells you that 
the board is bad and replaces it with the spare one he or she 
brought. The "bad" board is then taken back to the shop, properly 
diagnosed and repaired, and ends up in somebody else's system. 
Again, you believe that this service contract is justified because your 
whole motherboard was "bad" and you got a "new" one. You would 
be much less impressed with your expensive service contract if the 
service people paid you a visit, did a simple troubleshooting 
procedure, and then simply replaced a single $10 memory chip or 
spent 15 minutes reformatting the hard disk. 

My point is that with some basic troubleshooting skills, some simple 
tools, and a few spare parts, you can completely eliminate the need 
for most of these expensive service contracts. Unfortunately. some 
companies practice deceptive servicing procedures to justify the 
expensive service contracts they offer, which leaves the computer 
user with an overall bad impression of computers in general. Users 
are made to believe that these types of component failures are the 
norm, and they have a mistaken impression about the overall 
reliability of today's systems. 

You may indeed find a case where such a contract can be justified 
and beneficial, however. For a system that must function at all times 
and is so expensive that a complete spare system cannot be 
purchased, or for a system in a remote location far away from your 
centralized service operation, you may be wise to invest in a good 
service contract that provides timely repairs when you cannot. In 
some cases, using a service contract is worthwhile when the system 
is an exotic one, unlike any others that you may have. Most PC 
systems used today have become commodity items, but some 
systems have not yet achieved this commodity status. For these 
systems, a service contract may be a valid consideration. 

Sometimes you may need to make other considerations. The PS/2 
systems from IBM, for example, contain few overall components. 
Many of these parts are manufactured by IBM alone and have not 



Chapter 11: Preventive Maintenance and Backups 511 

yet achieved commodity status. For the first year after the PS/2 
introduction, for example, few replacement components for the 
system have been available from third-party companies. The biggest 
reason is that until at least one year has elapsed, each PS/2 system 
is under the factory warranty, and people just don't pay for 
replacement parts that they can get free from IBM. And if users 
upgrade for $25 to the on-site warranty, IBM even brings the part to 
you and installs it at no charge. 

Now, however, many of these systems are coming off of their 
warranties, and service is becoming a major consideration. Because 
the systems have so few components, the relative price of each part 
is quite high. The Model 50Z, for example, comes standard with 1M 
of memory on the motherboard, which is installed as a single SIMM 
(Single Inline Memory Module). A SIMM is a small board that has all 
the memory soldered onto it. If any memory fails at all in this 
system, the diagnosis part is simple because only one memory 
"chip" exists-the one SIMM. The only real problem is that this 85­
nanosecond 1M SIMM costs about $500. That is one expensive chip! 

Now if that unit fails, it is not repairable and must be replaced. The 
service contract pricing for the PS/2 systems from IBM is about one­
third of what IBM charged for its original systems. The service 
contract price for this Model 50Z is under $200, which caused me to 
take notice. Although I certainly can repair these systems, the parts 
can be extremely expensive. If I have several of these systems, I can 
justify carrying a spare-parts inventory, which negates the need for 
the contract. I can purchase a Model 50Z for about $3,000; if I am 
tending to at least 15 to 20 of these systems, I certainly can justify 
the purchase of an entire unit as a spare and perhaps forego the 
service contract. Protecting yourself with redundant equipment 
generally becomes practical if you have more than 10 computers of 
the same brand. For extremely time-sensitive applications, however, 
you may be wise to buy a second system right along with the 
primary unit - such as in a network file server application. Only you 
can decide where service contracts or spare systems are needed and 
make the appropriate cost-justification analysis. 

Remember that service contracts can be a viable option in certain 
cases. Before contacting for service, you should consider your 
options carefully. You basically have three sources for service 
contracts: 
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• 	 Manufacturer supplied (or authorized) 

• 	 Dealer or vendor supplied (or authorized) 

• 	 Third-party supplied 

Although most users usually take the manufacturer or dealer service, 
sometimes the third party goes further to close the deal; the third 
party, for example, sometimes includes all the equipment installed, 
even "strange" or aftermarket items that the dealers or 
manufacturers don't touch. In other cases, the manufacturer may not 
have his or her own service organization but, instead, has a deal 
with a major third-party nationwide service company to provide 
authorized service. 

Once a particular organization has been selected, several levels of 
service often are available. Starting with the most expensive, these 
levels of service typically include the following: 

• 	 Four-hour on-site response 

• 	 Next-day on-site response 

• 	 Courier service (A service company picks up the unit and 
returns it when it's repaired.) 

• 	 Carry-in or "depot" service 

For the PS/2 systems, for example, IBM offers only a full 24 hours a 
day, 7 days a week, on-site service contract. IBM claims that a 
technician is dispatched usually within four hours of your call. For 
the earlier systems, but not the PS/2, IBM also offers a courier 
service contract. No other types of contracts are available from IBM. 
Warranty work is normally a customer carry-in depot arrangement 
but can be upgraded to the full on-site contract for only $25. After 
the first-year $25-contract expires, you can continue the full on-site 
service contract for various rates (see table 11.1). 

If you ever have purchased a service contract in the past, you will 
be quite surprised by these prices. With the PS/2 systems, IBM has 
rewritten the rules completely for PC servicing. The same type of on­
site annual contract for one of the earlier 20M AT systems, for 
example, costs $507 annually compared with the $180 for the PS/2 
Model 50! The third-party service companies are having a hard time 
competing with these newer prices. IBM claims that the PS/2 
systems are five times more reliable than the earlier systems, and 
the service-contract pricing is about one-third of what the earlier 
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systems cost. If the claims of additional reliability are true, IBM is 
making out quite good even with the lower pricing. If the claims are 
not true (which is doubtfuI), IBM is losing money. 

Table 11.1 
PS/2 Service Contract Fees after Warranty 

Annual Service 
PS/2 ModeJ Contract 

Model 25 -001, -GOl $80 
Model 25 -004, -L04 $90 
Model 30 -002 $115 
Model 30 -021 $160 
Model 50 -021, 50Z $180 
Model 60 -041 $190 
Model 60 -071 $200 
Model 80 -041 $210 
Model 80 -071 $220 
Model 80 -111 $305 
Model 80 -311 $350 

The third-party service companies almost cannot compete with this 
pricing because IBM also controls the parts supply to these 
companies. Although the standard systems contain many parts that 
have become commodities, the PS/2 systems have not had quite the 
same aftermarket parts supply. A service company that is truly 
serious about service can get new parts or repair all existing internal 
parts with only one exception: the motherboard. Motherboards must 
be obtained from IBM, and IBM does not sell any of the proprietary 
chips on these boards so that they could be repaired. Motherboards 
use mostly surface-mount components anyway, so repair would be 
extremely difficult even if parts could be found. Because the 
motherboards now contain several items on-board (floppy controller, 
video, memory, serial, parallel, mouse, etc.), the motherboards may 
need to be replaced more often than in the earlier systems. The 
outright purchase or exchange prices on these boards are much 
more than the cost of an annual contract. 

The bottom line is this: For most standard types of systems, any 
service contracts beyond the original warranty are probably a waste 
of money. For other systems that have not yet achieved commodity 
status, or for those systems that must be up and running at all 
times, you may want to investigate a service contract option, even 
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though you may be fully qualified and capable of servicing the 
system yourself. 

The PS/2 systems are a special case; they have low-priced on-site 
warranty upgrade and inexpensive service contracts, which can be 
tempting. But, remember, many of the components such as disk 
drives can be purchased from non-IBM sources, and items such as 
the power supplies can be repaired by third-party companies who 
specialize in these items. The motherboard is the only item that 
cannot be repaired easily or exchanged inexpensively. Also, 
physically working on the PS/2 systems is easy; these systems have 
a snap-together no-tool design. Only you can make the decision of 
how your systems should be serviced after carefully weighing all the 
options and costs involved. 

l€hapter Summary 
In this chapter, I have discussed the steps you can take to ensure 
proper operation of your system. You have examined both active and 
passive preventive maintenance. Preventive maintenance can be the 
key to a system that gives many years of trouble-free service. You 
have learned about the various procedures involved in preventive 
maintenance and the frequencies with which these procedures 
should be done. 

Backup is discussed as a way to be prepared when things do go 
wrong. The only "guarantee" that you will ever see your data again 
is to back it up. In this chapter, you also looked at a variety of 
backup options. 

Finally, I discussed the commonly available warranty and service 
contracts provided by the manufacturers. Sometimes these contracts 
can save you worry about tough-to-service systems or systems 
whose parts are largely unavailable on short notice. 



System Upgrades 

and Improvements 


.1;Yl~"and compatible systems are the easiest systems to upgrade 
:w~nd improve because of the support received from the aftermarket 
and IBM. Numerous options are available for extending a system in 
virtually any targeted area. You can extend the life of earlier systems 
by adding functions and features that match the newest systems on 
the market. 

Keep an eye on the cost of upgrades because you can reach a point 

where changes become so major or expensive that purchasing a new 

system may be a better choice. You can accumulate an upgrade bill 

that exceeds the purchase price of a newer system with equal or 

better features. 


You also face the danger that you will create a Frankenstein system 

with strange quirks and eccentric operation. In business, you have 

no room for a marginally functional system. Many of the possible 

upgrades are classified under hacker status. These upgrades are fine 

for a personal system or an experimental system, but should not be 

executed when the PC is used in a business environment. 


Upgrading by 

Expanding Memory 

Adding memory to a system is one of the more useful upgrades that 

you can perform. You can add three types of memory: conventional, 
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extended, and expanded. Chapter 10 defines these three types of 
memory and describes their functions. 

All systems should have 640K of conventional memory. After filling 
conventional memory capabilities, you may expand memory further 
in a PC or XT type of system. PC or XT systems cannot use 
extended memory; however, expanded memory can greatly enhance 
the abilities, though not the speed, of your computer. IBM has given 
expanded memory its blessing by adding expanded memory support 
with DOS 4.0. When adding expanded memory, ensure that the 
memory is Expanded Memory Specification 4.0 (EMS 4.0) or the 
Enhanced Expanded Memory Specification (EEMS), which have 
greater capabilities over the earlier EMS 3.2. 

With the AT, you get the immediate functionality of expanded 
memory and the future functionality of extended memory under 
OS/2. You can take advantage of up to nearly 16M. You should not 
install expanded memory in a system running OS/2. Fortunately, any 
AT type of expanded memory board can be switched easily from 
expanded to extended memory. 

The cost of a couple of megabytes of expanded memory for an early 
PC may be much more than the entire system is worth. You may 
wish to use the money to purchase faster equipment with greater 
expansion capabilities, such as an 80286 or 80386 computer. 

If you decide to upgrade to a different, more powerful computer 
system, remember that you cannot salvage the memory from PC or 
XT systems. The 8-bit memory boards are useless in AT or Micro 
Channel systems, and the memory chips and their speed are 
probably inadequate for newer systems. Many of the newest 
systems exclusively use high-speed SIMM modules instead of chips. 
Having a pile of 150 nanosecond 64K or 256K chips is useless if your 
next system is a PS/2 Model 80 or another high-speed system that 
uses SIMMs or memory devices faster than 150 nanoseconds. Be 
sure to weigh carefully your future needs, including any increases in 
computing speed and the need for a multitasking operating system 
such as OS/2, with the amount of money you will spend to upgrade 
current equipment. 

Upgrading Motherboard Memory 
This section discusses motherboard memory, the memory installed 
directly on the motherboard-not the memory residing on adapter 
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boards. Recommendations are made for selecting and installing 
chips. The last part of this section contains instructions for an 
interesting modification for the IBM XT Type 1 motherboard. This 
modification enables a full 640K of memory to be placed on the 
motherboard, eliminating the need for memory expansion boards. 
IBM's later XT Type 2 motherboards already include this 
modification. 

Selecting and Installing Chips 
If you are upgrading a system board with memory, follow the 
manufacturer's guidelines about which memory chips or SIMMs to 
purchase. The manufacturer also indicates how fast and expensive 
these components are. For example, IBM specifies different speed 
memory for different motherboards. Table 12.1 lists the installed 
memory speed found in the various IBM motherboards. 

The listed memory access times are for the memory found on the 
motherboards of the various systems. Usually, for standard PC 
systems, the time shown also indicates the speed for memory 
installed via the expansion slots, because the slots run in 
synchronization with the main processor. Using slower memory than 
specified results in various memory error messages and a system 
that may not operate. 

Because of the higher level of controls and capabilities of the Micro 
Channel interface, however, PS/2 systems' memory adapters may be 
able to run slower than main memory. The asynchronous design of 
the MCA enables adapters to remain independent of the speed of 
the processor. The MCA inserts wait states as required to 
accommodate any slower adapters. For example, all of the memory 
adapters that IBM offers for the PS/2 50 and 60 use 120 nanosecond 
memory chips. These adapters also are specified for the Model 50Z 
that runs with no wait states and uses 85-nanosecond memory on 
the motherboard. These slower 120-nanosecond memory adapters 
cause the MCA in the 50Z to insert a wait state when the adapters 
are accessed, so that only the motherboard memory runs with 0 wait 
states. Several third-party board manufacturers offer special O-wait­
state boards for the 50Z. 

The bottom line for motherboard memory speed is to use the speed 
indicated by the manufacturer. Using faster memory on the 
motherboard creates no performance benefit, but does work. The 
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Table 12.1 
IBM Motherboard Memory Timing 

Memory 
Clock Access 

System Speed (MHz) Wait States Time (ns) 

PC Family: 

PC 4.77 1 200 

XT 4.77 1 200 

AT 6 1 150 

AT 8 1 150 

XT Model 286 6 0 150 


PS/2 Family: 

Model 30 8 1 150 

Model 30 286 10 1 120 

Model 50 10 1 120 

Model50Z 10 0 85 

Model 60 10 1 120 

Model 70 16 0-2 85 


(paged) 


Table 12.1 
IBM Motherboard Memory Timing 

Model 70 20 0-2 85 

(paged) 


Model 70 25 o(cache) 80 

Model 80 16 1 80 

Model 80 20 0-2 80 


(paged) 


information indicating minimum access time for motherboard 
memory is found in the technical reference manual for your 
particular system. For compatible systems, you can use table 12.1 as 
a guide. Because of the wide variety of system designs on the 
market today, however, you should acquire the proper information 
from the manufacturer. 

For many systems with proprietary memory expansion busses like 
COMPAQ, you often have to purchase all memory expansion from 
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that company. For other industry standard systems that allow non­
proprietary memory expansion like the IBM PC, XT, AT, and PS/2 
systems, you can purchase boards from hundreds of vendors. Be 
wary of purchasing nonstandard systems like the COMPAQ and AST 
because you may experience problems when adding or servicing 
memory. 

Before installing memory, be sure that the system power is off. 
Remove the PC cover and any installed cards. SIMMs snap into 
place, but chips can be more difficult to install. A chip installation 
tool is not required, but the tool can make inserting the chips into 
sockets much easier. For removing chips, a chip extractor or small 
screwdriver is highly recommended. Never try removing a RAM chip 
with your fingers because you can bend the chip's pins or poke a 
hole in your finger with one of the pins. SIMMs are removed by 
unplugging them. 

The three main problems encountered when installing or removing 
memory are Electro Static Discharge (ESD), broken or bent leads, and 
incorrect switch and jumper settings. 

When installing sensitive memory chips or boards, do not wear 
synthetic clothes or leather-soled shoes. Discharge yourself to a 
system chassis ground before beginning or wear a commercial 
grounding strap on your wrist. This strap is grounded by a wire 
with an alligator clip on one end and is wrapped around your wrist 
on the other end. Be sure to use a well-made unit; do not make one 
yourself! Commercial units have a high value resistor in the unit that 
acts as a fuse if you touch live power. The resistor makes sure that 
you are not the path of least resistance to the ground. An improperly 
designed unit may cause you to conduct the power to the ground, 
possibly killing you. 

Sometimes the pins on new chips are spread apart in a V shape, 
making them difficult to align with the socket holes. Place the chip 
on its side and press gently to bend the pins resting on the table 
inward. Install the chips into the sockets one at a time. Chip­
insertion and pin-straightening devices are available that make sure 
the pins are straight and aligned with the socket holes. Using one of 
these inexpensive tools can save you a great deal of time. 

Each chip has a U-shaped notch that matches a similar mark on the 
socket. If the socket is not marked, you should use other chips as a 
guide. The orientation of the notch indicates the location of pin 
number one on the chip. Aligning this notch correctly with the 
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others on the board ensures that you do not install the chip 
backwards. Gently set each chip into a socket and push the chip 
firmly in with both thumbs until the chip is fully seated. 

After adding memory chips, you may need to reset the motherboard 
switches or jumpers. For AT and PS/2 systems, no switches or 
jumpers exist, and you must run a setup program to inform the 
system of the total amount of memory installed. Two switch units 
are on the PC; the XT has one, and the AT has none. Positions 1 
through 4 of a PC's second switch reflect the total installed memory. 
The single switch unit on the XT reflects only the total memory on 
the system board and does not deal with expansion card memory. 
The Appendix details the PC and XT switch settings. 

Most memory expansion cards have switches or jumpers that you 
need to set. You often have to set a memory starting address for the 
card equal to the amount of memory on the system board. You also 
may have to set the total memory on the card. Because of the PS/2 
influence, many memory and other boards are being made that do 
not have switches. Instead, these boards come with a configuration 
program that can be used to set up the card. The Intel AboveBoard 
286 and Plus versions, for example, have this switchless operation. 

After putting the system back together, run any memory diagnostics 
programs you have, note the total memory reported, and test for any 
definite failures. 

You always have at least two or three memory diagnostics programs 
at your disposal. In order of accuracy, these programs are the POST 
(power-on self test), Diagnostics disk, and Advanced Diagnostics 
disk. The PS/2 systems include the Diagnostics and Advanced 
Diagnostics on a single Reference Disk. This disk is included with 
the system, ensuring that PS/2 owners have all three memory test 
programs. You use the POST every time the system is powered up, 
and Advanced diagnostics are accessed on the Reference Disk by 
pressing Ctrl-A at the opening menu. 

Standard PC owners receive a Diagnostics disk with the system (in 
the guide to operations manual) that has a fairly good memory test. 
PC owners should purchase the Advanced Diagnostics disk as part 
of the hardware maintenance service manual package. If you have 
purchased this package, the Advanced Diagnostics is the 
recommended program to use. 

Many additional diagnostics programs are available for purchase and 
in the public domain. 
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Installing 640K on the XT Motherboard 
This section describes how to install 640K of RAM on the system 
board in the IBM XT and the IBM portable. IBM offers this upgrade 
in the form of a new Type 2 XT motherboard. IBM invented this 
upgrade much earlier, but they held the upgrade back for several 
years after the system was introduced. Many users who purchased 
the technical reference manual and looked at the schematic diagram 
did not wait for IBM. They figured out that the modification is 
performed by installing two banks of 256K chips and two banks of 
64K chips directly on the motherboard and installing one additional 
multiplexer chip and a jumper wire. The jumper wire enables a 
decoder PAL chip (U44) to modify the chip selects and addressing as 
required. These modifications are easy to perform. 

A memory chip is addressed by two signals called Row Address 
Select (RAS) and Column Address Select (CAS). These signals dictate 
where a value is located in a chip. These signals are modified by 
installing the jumper as indicated in the instructions so that the first 
two banks can be addressed four times deeper than originally. 

Obtain the following parts from any chip house or electronics supply 
store: 

• 	 18 256K-by-l-bit 200 nanosecond (or faster) memory chips 

• 	 1 74LS158 multiplexer/decoder chip 

• Small length of thin gauge jumper wire 

After obtaining the parts, proceed as follows: 

1. 	 Remove the motherboard. (Instructions for removing the 

motherboard are provided in Chapter 6.) 


2. 	 Plug the 74LS158 chip into the socket labeled U84. 

Note that all the components on the motherboard can be identified 
by a value, consisting of a letter and number combination. The letter 
usually indicates the type of component, and the number indicates 
the particular component of that type. This coding sometimes differs 
among manufacturers. Most manufacturers use a letter scheme that 
follows these conventions: 

U 	= Integrated Circuit 
Q 	 = Transistor 
C 	= Capacitor 
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R 	= Resistor 
T 	= Transformer 
L 	= Coil 
Y = Crystal 
D 	= Diode 

The numbering of the components usually follows a pattern in which 
the numbers increase as you move from left to right along the first 
row of components and then start at the left side again, one row 
lower. You should be able to locate all of the IC chips, starting with 
U1 in the upper left corner of the board and ending with U90 in the 
lower right corner. 

The next step involves inserting a jumper wire that modifies the 
memory chip select and addressing signals. The following method is 
the simplest way to accomplish this procedure. 

3. 	 Remove the IC installed in the socket labeled U44. 

4. 	 Install a jumper wire from pin 1 to pin 8 on U44. To avoid 
making any changes that cannot be removed later, the jumper 
can be wrapped directly onto the pins of the IC. Run this wire 
on the underside of the IC so that the wire is held in place. 
Reinstall the chip with the jumper in place. The IC may sit 
slightly higher in the socket, but make sure that it is seated 
properly. 

Be careful with the U44 because this chip is a unique IBM 
Programmable Array Logic (PAL) chip that cannot be purchased 
separately. A PAL chip is burned with a unique pattern, much like a 
ROM chip. The only legal way to obtain this chip from IBM is to 
purchase a new motherboard. Some chip houses have copied this 
chip and offer a duplicate for sale. Some also have duplicated the 
PAL chip with the equivalent of the jumper modification internally 
programmed, so that you may purchase one of these duplicates and 
store your original PAL chip. 

You also can solder two jumper pins into the plated holes numbered 
1 and 2 in the jumper pad labeled E2. Using a standard plug-on 
jumper, install the jumper across these two pins. All XT Type 2 
motherboards already have this modification performed, courtesy 
of IBM. 

5. 	 Remove the 18 64K-by-1-bit chips from banks 0 and 1. Reinstall 
them in banks 2 and 3 if 64K chips are not already in these 
banks or store them as spare chips. 
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6. 	 Install the 18 256K-by-1-bit chips in banks 0 and l. 

7. 	 Be sure that switches 3 and 4 of switch block SW1 are set off. 

S. 	 Replace the motherboard and restore all other system 

components, with the exception of any memory cards. 


Remember that you have 640K on the motherboard and no 
other boards must address that space. 

9. 	 Power-up the system and test the installed memory for 640K 
without other memory adapter cards. 

You now have an inexpensive memory upgrade that matches the 
Type 2 XT motherboard from IBM. 

Upgrading the Disk Subsystem 
This section discusses adding floppy disk drives and hard disk 
drives to any system. The interfacing of the different types of floppy 
drives to a system can sometimes be a problem because of the 
differences in controllers and support software. 

Adding Floppy Disk Drives 
If you want to add floppy drives to an existing system, you need to 
connect them to a controller board. Virtually every PC, XT, or AT 
comes equipped with at least one floppy disk controller. These 
controllers and system BIOS routines support different drives. 

You have four types of drives to consider when adding to any 
system: high- and double-density 5 1I4-inch and high- and double­
density 3 112-inch. In the case of the 5 1/4-inch drives, you may be 
concerned about the track width differences between 40 and 80 
track drives. All 3 112-inch drives, however, are SO track drives and 
do not share these compatibility problems. Because high-density 
drives can read and write at the lower density as well, a system 
with as few as two high-density drives, one 5 1/4-inch and one 
3 112-inch, can read and write any disk format. When upgrading, 
therefore, add the high-density drives whenever possible. 

A high-density drive uses a higher data rate (500 KHz) than a 
double-density drive (250 KHz). To properly use these higher density 
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drives, you need a controller and software capable of supporting the 
higher data rate. At least DOS 3.3 is required to support all of the 
disk formats, including the 1.44M high-density 3 il2-inch drives. 
DOS 3.2 supports only the 720K double-density 3 il2-inch format and 
cannot be used. 

The standard controllers in PC and XT systems support only lower 
density drives. To save money, consider adding only the lower 
density versions of the 5 1I4-inch and 3 il2-inch drives. Adding 
these drives requires no special controllers, cables, or software. 
DOS 3.3 has everything you need in a driver file called DRIVER.SYS. 
This driver is used to support the 3 il2-inch 720K drive in systems 
without built-in ROM support. If you want to use the 1.2M or 1.44M 
drives in these systems, you need to purchase a controller and 
software that handle high-density formats. The AT floppy controllers 
support the higher data rate required by the 1.2M or 1.44M high­
capacity drives, so that no additional controller is needed. You still 
need a driver program to support the 3 il2-inch drives if your 
system does not support these drives directly in the motherboard 
ROM. The best alternative is to upgrade the ROM to a later version 
that supports these drives directly. Upgrading eliminates the need 
for special driver programs. 

The PC and XT versions can connect to two drives internally 
through the supplied cable and two drives externally through a cable 
you purchase. The AT controller supports two floppy drives and two 
hard disks. If you are adding any large capacity floppy drives to a 
PC or XT system, you need a new controller card and driver 
programs that operate with the card to support the high-density 
drives. MicroSolutions and Manzana offer these high-density 
controllers and software drivers. 

Both of these companies offer complete kits for installing the 720K 
and 1.44M drives in any PC, XT, or AT system. 

Adding Hard Disks to a System 
When adding hard disks to a system, purchase the entire package 
from one company unless you are very familiar with disk drive 
interfacing. Because IBM has stuck with industry standard 
interfaces, you can take a "plug and play" approach to hard disk 
interfacing. Be sure to follow the information given in Chapter 9 on 
hard disks for the nuances of various installations. If you are going 
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to install an ESDI or SCSI system, use a single supplier until you are 
familiar with the ins and outs of these installations. Differences 
between these and the more common ST-506/412 interface can 
complicate the installation process. 

Speeding Up a System 
In this section the various ways to speed up a system are examined. 
You see advertisements for "turbo" this and "turbo" that, referring 
to products that make your system run faster. One of the most 
common and simplest ways to increase the calculating performance 
of a system is to add a math coprocessor. These devices are 
explained in this section, and the relative performance gains are 
examined. 

Another type of performance improvement involves the main 
processor, increasing the clock rate, changing the processor for 
another type, or both. The idea of replacing the processor for a 
faster one can be extended to replacing the entire motherboard. In 
fact, you are not really upgrading your system, but are entirely 
changing the system. That sort of extreme upgrade is not always 
recommended. 

This section also examines the processor speed upgrades from a 
cost-benefit point of view. 

Adding Math Coprocessors 
Adding a math coprocessor is an easy way to upgrade the 
performance of a system with a minimum of effort. Be sure that the 
software you use supports these chips, because they only lighten 
your wallet unless they are specifically recognized and supported 
with software. Depending on how your motherboard is deSigned and 
what type of main processor you have, you should add an 8087, 
80287, or 80387 chip. 

These chips are available to withstand different speeds of operation. 
Be sure that the chip you purchase is designed to operate at the 
clock rate at which the system runs the math chip. Be careful with 
static discharges when handling these chips; they are delicate and 
quite expensive. A 25 MHz 80387 chip costs more than $1,000. 
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Using 1-2-3 Release 2.01, a sample spreadsheet consisting of 10,000 
cells of floating point multiplication, division, addition, and 
subtraction, shows no improvement in speed in a system with the 
math coprocessor compared to a system without one. The overhead 
to have these math operations transferred to the coprocessor, 
executed and returned, is not worth the additional speed gained. 
Because of this overhead, Lotus software does not use the math 
coprocessor for simple mathematical operations. Instead, Lotus 
software calculates these instructions on the main processor. High­
level math like exponentiation, trigonometry functions, and 
logarithms are executed on the math coprocessor for about a 10-fold 
increase in speed. As an upgrade, a math coprocessor is a selective 
speed improvement. A math coprocessor works with software 
specifically written to recognize the coprocessor and only in limited 
areas within that program. A spreadsheet does not increase speed in 
all operations throughout a system. 

To install a math coprocessor, execute the following steps: 

1. 	 Turn off the system power. 

2. 	 Remove the system unit cover assembly. 

3. 	 Touch the power supply to ensure that you are at the same 
electrical potential as the system unit. 

4. 	 Remove all plug-in adapter cards necessary to adequately 

access the coprocessor socket. 


5. 	 Locate the coprocessor socket on the motherboard. In almost 
all systems the math coprocessor socket is next to the main 
processor. 

6. 	 Remove the math coprocessor from the protective holder, place 
the coprocessor on the socket, and align pin 1 on the processor 
with pin 1 in the socket. To align the pins, look for a notch in 
the chip and make sure that the notch faces the same direction 
as the notches on other chips. 

7. 	 Carefully press the chip straight down, taking care that all of 
the pins are seated in the socket. Be careful not to bend pins. 

8. 	 If you are using a PC or XT, locate the DIP switch block of the 
PC on the system board and flip switch position 2 to off. On 
the AT or PS/2, run the SETUP program so that the computer 
becomes aware of the addition of the coprocessor. 

9. 	 Reinstall all adapter boards that were removed. 
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10. 	 Replace the system unit cover. 

11. 	 Verify the operation of the math coprocessor by using the 

Diagnostics or Advanced Diagnostics disk. 


Speeding Up PC Types of Systems 
This section examines increasing the calculating speed of a PC type 
of system, including the IBM PC, XT, and all PC or XT compatibles. 
You have several methods for increasing the calculating speed of a 
PC, including replacing the processor with a more efficient unit, 
increasing the clock rate, replacing the processor with a device 
called an In Circuit Emulator, and replacing the entire motherboard 
with an adapter board or a complete physical motherboard. 

Replacing the Processor with 
NEC V20 or V30 Chips 

One of the simplest ways to increase the performance of any 8088­
or 8086-based system is to use the more efficient NEC-produced 
alternatives. These replacement processors are plugged into the 
system as direct phYSical replacements for the original processors. 
The NEC unit selected varies according to the original processor and 
must run at the clock rate at which the system runs the new 
processor. The processors are swapped as follows: 

Original Processor Replacement Processor 

Intel 8088 NEC V20 
Intel 8086 NEC V30 

If the system is an IBM XT, the original processor is a 4.77 MHz 
8088, and the replacement processor is an NEC V20 rated for at least 
4.77 MHz. Usually, the available V20 chips are rated to run at 
8 MHz. This speed is fine because the actual speed of 4.77 MHz is 
less than 8 MHz. The rating of the chip has nothing to do with the 
actual speed at which the chip runs; the speed is controlled by the 
motherboard clock circuitry. 

To install this type of upgrade, gain access to the 8088 or 8086 
processor on the motherboard, remove the processor, and plug the 
NEC device into its place. NEC chips are available for about $15 to 
$25 depending upon the chip, the speed rating, and the retailer. 
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Although this upgrade is inexpensive and easy to install, the actual 
speed increase is so small that it is difficult to see or feel. You need 
to test run applications and time various operations with a 
stopwatch to actually determine any time benefits to be had with 
the new chip. The normal increase in performance is about 5 to 10 
percent of the former speed. If an operation originally takes 10 
seconds to complete, the same operation takes 9 to 9.5 seconds with 
the new NEG chip. A 5 percent average increase is not bad, 
however, for only $15. 

The other problem with this upgrade is that the NEG chips are not 
100 percent compatible with Intel units. The IBM PS/2 Model 25 and 
30 systems cannot use the NEG chips at all. Some programs do not 
work when the NEG chips are installed, namely the special disk­
duplicating programs that back up copy-protected disks. 

Many people (especially Intel) believe that these chips were illegally 
designed directly from the Intel originals. Several years ago when 
Intel could not meet the demand for 8088 and 8086 production, they 
licensed other manufacturers to make these chips. NEG was one of 
those manufacturers, and at that time was given the complete mask 
specifications for these chips. Now, with complete access to the 
source code of the Intel processors, NEG has come out with a new 
processor that seems to mimic the Intel units, except the NEG 
processor is more efficient in several instructions. Intel has sued 
NEG and attempted to restrain NEG from manufacturing and 
importing these devices. At the time of this writing, an injunction 
has not been placed on the NEG chips. 

With the problems that may be caused due to incompatibilities, the 
small performance gain realized, and the legal cloud hanging over 
these chips, business users might want to steer clear of the NEG 
chips. If you are thinking of this upgrade for your personal system 
and are somewhat of a hacker, you might want to try this upgrade 
anyway because of the low cost. 

Increasing the Clock Rate of the PC 

Another type of improvement is to increase the processor's clock 
rate. This type of upgrade is more difficult to implement for PC or 
XT types of systems, because the clock crystal cannot be directly 
altered or replaced. The crystal is soldered in place in these systems 
instead of being socketed, and the crystal is multiplexed - used for 
more than just the system clock. 
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The crystal in an IBM XT, for example, is a 14.31818 MHz unit 
whose frequency is divided by three by the timer circuits to 
generate the 4.77 MHz system clock. This 14.31818 MHz crystal 
frequency also is on the system bus (slot) connectors at pin B30. 
(This signal is one of the PC bus specifications.) Many cards depend 
on this oscillator signal to be present for their operation, such as 
some video boards. This oscillator signal is divided by four to obtain 
a 3.58 MHz signal used to drive circuits in the Color Graphics 
Adapter. Any upgrade that attempts to increase the clock rate of the 
main processor, therefore, must not interfere with the original crystal 
and its subset function of generating a 14.31818 MHz oscillator 
signal for the system bus. 

All the devices that increase clock rate contain a complete clock 
circuit and require that the main processor be mounted on the 
motherboard for the upgrade to work. These devices also have to 
interface with the 8284 timer chip on the motherboard, because they 
will be taking over the function of that chip. 

To install one of these upgrades, complete the following process: 

1. 	 Remove the main processor from the system and plug the 

processor into what looks like a small circuit board. 


Some of the better units already have installed a new 8088-2 
processor rated to run at 8 MHz. In that case, you can store 
your processor for safekeeping. 

2. 	 Plug the small board with the processor attached directly into 
the processor socket on the motherboard. (The plug is located 
on the bottom of the board.) 

3. 	 Remove the 8284 timer chip and plug a connector directly into 
the timer chip socket. 

Because the removed timer chip has a faster version already 
installed on the small speedup board, your original timer chip 
can be stored. 

The device now runs the processor clock at a faster rate of speed, 
dependent upon jumper or switch settings on the small board. You 
usually have settings for 6 MHz, 7 MHz, and 8 MHz. You need to 
test your system to determine the fastest speed that it can run 
without crashing. 

To test the system, set the unit to run at the slowest speed to see 
whether the system works and run diagnostics programs or 
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applications software. Be careful about writing to a disk drive during 
the testing; a crash at that time can be disastrous. If you are not 
completely backed up when performing an upgrade of this type, you 
are courting a major disaster. 

If your system runs at the slowest setting, increase the speed to the 
next setting and retest. Continue this method until your system runs 
erratically, crashes, or locks up or until you reach the maximum 
speed setting the unit allows. The limiting factor in what speed your 
particular system reaches is often the speed of the memory chips on 
the motherboard. If these chips are the 200-nanosecond types, you 
probably will not get very far without crashing. You might attempt 
replacing all of your memory with faster 120- or 100-nanosecond 
chips that may enable your system to reach the maximum setting 
allowed by the speedup unit without crashing. Replacing all of the 
memory in the system is an expensive proposition, however, and is 
not recommended. 

Replacing the timer chip costs about $100 and is cost-effective at 
that price. Replacing all 36 memory chips in an XT motherboard with 
faster versions costs between $120 and $260 depending on how 
much memory is installed on the motherboard (256K or 640K). 
Although you can get a much greater increase in speed for this 
additional cost, the PC motherboard has the first bank of memory 
soldered in place. Because these chips are soldered in, this upgrade 
becomes labor intensive as well as expensive. 

Another glitch in this upgrade is that the 8284 timer chip also must 
be socketed for removal and to accept the plug from the speedup 
unit. In many motherboards, this timer chip is soldered in place. 
Nearly all the PC and about half of the XT motherboards have this 
chip socketed. If the timer chip is soldered in place, it has to be 
removed, and a socket must be installed in the chip's place, making 
this upgrade undesirable from a labor and cost point of view. 

The speed increase may be estimated by the clock rate increase that 
your system achieves. If the system can run at 7 MHz after the 
upgrade, you have achieved an increase of about 47 percent over 
stock. This upgrade generally nets you an increase over stock 
between 30 and 50 percent before the system starts to become 
unreliable. 

This upgrade also has several advantages. One of the nicest features 
is that no expansion slot is required, which may be important in a 
PC system with all of the slots filled. Most of the timer devices also 
have a switch that enables the clock to return to the original 4.77 
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MHz for testing and diagnostics purposes and to run finicky 
programs incompatible with the timing changes. Most of the units 
can be switched while the system is running, causing the computer 
to reboot when the switch is made. 

Increasing the clock rate is another upgrade for the hacker or 
experimental user, because of the difficulties involved in installing 
the upgrade in a PC system with soldered memory or any system 
with a soldered timer chip or processor. Despite the gains in speed, 
no slot usage, and the switchability, other upgrades are more cost­
effective. 

In Circuit Emulator (ICE) Boards for the PC 

You also can upgrade your system with an In Circuit Emulator (ICE) 
board. This board emulates the microprocessor chip by directly 
plugging into the processor chip socket. 

An ICE board is an adapter board that plugs into one of the 
system's expansion slots. The board also simultaneously plugs into 
the microprocessor socket and takes over the system as the new 
processor. The better boards of this type have an 80286 or 80386 
processor running at a high clock rate and high speed 16- or 32-bit 
memory onboard directly wired to the included processor. Another 
feature of some of the better boards enables your processor to be 
installed on the ICE board. Your processor can be switched back into 
the circuit for compatibility and reliability testing. 

To install an ICE board, execute the following steps: 

1. 	 Remove the main processor from the motherboard. 

In some of these units, you install this processor onto the 
speedup board, and other units require that you store the 
original processor for safekeeping. 

2. 	 Plug the speedup board into an open slot, preferably next to 
the processor socket. 

3. 	 Run a cable from the board to the processor socket and plug in 
the cable. 

The installation is complete. These units have their own onboard 
memory, a full complement of 640K or a small amount of cache 
memory. This high-speed memory is directly accessible by the 80286 
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or 80386 processor on the speedup board. Your system memory is 
still used on some of these units. 

Some of the units run in synchronization with the motherboard clock 
circuits, and others do not. The units that run in sync handle input 
and output operations, such as dealing with disk drive controllers 
and other expansion boards in the slots, much faster. These 
synchronous units have a better overall "feel" because the speed 
increase they give the system applies to virtually all areas except 
the disk transfer rate between the controller and disk drives, which 
remains the same in all speedup operations. 

The asynchronous units are much slower because of their design, 
even though the clock rates of the integral processor may be equal 
to or faster than a synchronous unit. For example, 12 MHz 
asynchronous units speed up the system overall by the same amount 
as a 7.2 MHz synchronous unit. Don't be fooled by a raw clock rate 
figure; these figures are often misleading, especially when used by 
an advertising department. 

The asynchronous units have a distinct advantage: compatibility 
with more systems on the market. The synchronous units only work 
in systems with an 8088 processor running at 4.77 MHz. You cannot 
install synchronous units in any other systems, such as those with 
the 8086 processor. This restriction rules out many of the "turbo" XT 
compatibles on the market, unless the turbo mode can be disabled 
and the system can run at 4.77 MHz. 

The typical speed increase with these units is about 350 to 450 
percent for the units based on the 80286 processor, and the 80386­
based units offer a 800 to 900 percent speed increase. The prices 
vary, but you should expect to pay $250 to $350 for the 80286 units, 
and $800 to $1,000 for the 80386-based units. For the increase in 
speed offered and the greater compatibility afforded by these units 
combined with the ability to switch the system back to the original 
speed for testing and compatibility purposes, ICE boards offer the 
greatest value in the speedup department. They give you the 
performance of an AT system (or far beyond) in your PC or XT 
system. Table 12.2 lists recommended boards and their speed 
increases. 

Most of these boards do not convert your PC or XT into an AT with 
the capability to address 16M of memory and run OS/2 or perform 
other AT capabilities. These boards only give your system the speed 
of an AT type of system. 
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Table 12.2 

Recommended ICE Boards 


Type and Name of Board Speed Increase 

Asynchronous 80286 boards: 

Microway Fastcache 286-12 +350% 


Synchronous 80286 boards: 

Orchid TinyTurbo 286 +350% 

Orchid TwinTurbo 12 +450% 


Synchronous 80386 boards: 

Intel Inboard 386/PC +800% 

Quadram Quad 386XT +900% 


Upgrading with Mothercards 

The next level of upgrading is often hard to distinguish from the ICE 
boards. The real difference between ICE boards and mothercards is 
that mothercards do not emulate the microprocessor, nor do they 
plug into the processor socket. These boards are stand-alone 
computer systems that use your system as a host. 

Mothercards are complete motherboards on a single card. This type 
of upgrade is the easiest to install of all of those considered. You 
just plug the mothercard into a slot. You do not remove or install 
any chips or plug in any connectors. The new board takes over your 
system when you run a special activation program. Your system acts 
as a host to the new board that uses your motherboard as an I/O 
processor and support device. Some of these mothercards have a 
complete ROM BIOS onboard, and others copy your system ROM 
BIOS into the mothercard memory for faster operation. The 
mothercards have a full complement of at least 640K of memory. The 
additional memory can be used by the card for special purposes, like 
caching the ROM or as expanded or extended memory. 

These cards can give your system access to the 80286 or 80386 
protected mode and may be capable of running a version of OS/2 
developed especially for the card. Although this card may be the 
equivalent of an AT motherboard, you still do not have a real AT 
and may have many other things to change, like disk controllers, 
floppy disk drives, serial ports, and so on. 



534 Upgrading and Repairing PCs 

These systems usually offer the same levels of performance as the 
ICE boards and offer the ability to switch the card and software on 
and off. This switching capability enables you to test properly for 
compatibility problems if you suspect a problem in that area. 

Mothercards take your system as far as you can go without 
replacing the entire motherboard, which may be intimidating and 
expensive. Mothercards are generally more expensive than ICE 
boards but also are easier to install. 

Some of the recommended boards are the Sota Technology 
Mothercard 5.0 for 80286-based systems and the Applied Reasoning 
Corp. PC Elevator 386 for 80386-based systems. 

Mothercards offer a high level of functionality and easy installation, 
and may have special versions of OS/2. These boards can take you 
far along the path of converting a PC system to an AT system. The 
only drawback to mothercards is the cost of around $1,000 for the 
80286-based boards and $2,000 for the 80386-based boards. 

Replacing the PC Motherboard 

Another possible method for speeding up a system is to remove the 
original motherboard and replace it with another. Complete 
motherboard replacements consist of an AT type of motherboard in 
an 80286-based or 80386-based design. These replacements usually 
have 16-bit slots and the required AT architecture such as interrupts 
and DMA channels. 

Installation of these boards is fairly difficult because the entire 
system must be disassembled down to the motherboard. 

Problems with these boards occur in the reinstallation of the rest of 
your old system. Are you really going to use that XT hard disk 
controller in what is now an AT system? If so, you may encounter 
some of the following problems: 

• 	 You have to tell the SETUP program that no hard disks are 
installed so that your XT controller's built-in ROM BIOS can 
operate the card properly. 

• 	 The XT controller uses Ip.terrupt 5, which conflicts with a 

second parallel port (LPT2:) in the AT. 


• 	 Your XT floppy controller does not support the high-density 
drives required to boot OS/2. 
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• 	 For proper AT and OS/2 operation, you must change all of 

your serial ports. 


• 	 The memory you have in the XT system does not work 

properly in an AT. 


These are only some of the problems you encounter with a "hybrid" 
system that is part AT and part XT. 

The motherboard concept has several distinct disadvantages over 
the mothercard discussed earlier. One disadvantage is that the 
installation of a motherboard is more difficult than adding a plug-in 
card. You also are losing your original system completely, and if a 
compatibility problem is encountered, no "switch" can restore your 
original system to operation like in the mothercard design. 
Motherboards cost between $600 and $2,500 with 80286 or 80386 
designs. 

Replacing motherboards can convert a PC type of system into an AT 
design, but you must replace many other items to complete the 
process. By the time this conversion is complete and paid for, you 
could have bought an AT compatible system and left your poor PC 
or XT alone. You also can sell the PC type of system to create 
additional funds for options for the new AT. Remember that any 
investment in hard disk or floppy drives can be moved over to the 
new AT compatible system. 

Because of the cost and complexity, this type of upgrade is 
recommended only in extreme cases where money is no object. 

Speeding Up AT Types of Systems 
The market for AT speedup devices is much simpler than the market 
for PC systems. Less alternatives are available, and those available 
are less complex. 

For example, no drop-in processor replacements work like the NEC 
V20 and V30 chips do for the 8088 and 8086 processors. No 
replacements exist for the 80286 and 80386 systems to offer speed 
increases. Many thought that the new 80386SX chip (code named 
P9) was going to be a drop-in replacement for the 80286 that offered 
80386 capabilities, but the SX chip is not pin- or plug-compatible 
with the 80286 and must have a motherboard designed around it. 
Some speedup boards for 80286-based AT systems may use this 
chip, but none were available at the time of this writing. 
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The most desirable and least expensive upgrade for the AT is to 
increase the clock rate. Another system speedup is installing the 
processor replacement In Circuit Emulator (ICE) boards available for 
the AT. These boards use an 80386 board to replace the 80286 
processor in an AT system. The final alternative is to replace the 
entire motherboard with an 80386-based unit. For the AT, this 
upgrade does not have the same problems as the similar upgrade 
does for a PC system. 

Each of these upgrades is explored in the next section. 

Increasing the Clock Rate of the AT 

IBM's decision to socket the clock crystal in the PC AT was greeted 
with much interest and speculation. The ability to easily remove the 
crystal is the key factor in speeding up the AT. The crystal is not 
multiplexed as in PC or XT systems. The oscillator signal required 
for pin B30 in the expansion bus connectors is independently 
generated by a 14.31818 MHz crystal also found on the motherboard. 
This oscillator crystal is under a large square piece of metal 
shielding to keep radio interference to a minimum. You are free, 
therefore, to replace the processor clock crystal with a faster one 
without interfering with the rest of the system. This upgrade can be 
inexpensive for an AT because no complex clock circuitry must be 
added to the system. 

The main system clock crystal is contained in a 1/2-by-3/8-inch silver 
housing that plugs into the socket near the 80286 chip, behind the 
center opening for the hard disk. The crystal can be removed by 
inserting a small screwdriver between the crystal and socket, 
pushing the crystal out of the socket, and lifting it up and out of the 
retaining clip. A faster crystal can be inserted to increase the 
operating speed of the 80286 CPU chip driven at half the crystal's 
speed. 

With the original AT Models 068 and 099, a trip to the local Radio 
Shack turns up a 16 MHz crystal for about 99 cents. This crystal can 
be plugged into the system in place of the original 12 MHz crystal. 
The system then can be powered up to run at 8 MHz. The total cost 
of this 30 percent improvement in processing speed is a whopping 
99 cents. If the 16 MHz crystal works and your system runs fine at 8 
MHz, why stop there? Go back to the store, pick up a 18 MHz 
crystal, and see whether your system runs at 9 MHz speed. If that 
works (it usuallydoes), get a 20 MHz crystal and see whether your 
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system runs at 10 MHz. Some systems take this speed, although the 
great majority do not. If yours did not, replace the last crystal that 
worked. 

If you desire more speed than what your system allows, you can 
attempt to increase the maximum running speed by replacing the 
memory or processors. The memory can be replaced with faster 
access time chips. The standard speed chip in most AT systems is 
150 nanoseconds. If you replace all of the memory with 120 or 100 
nanosecond chips, you may be able to go that extra step to 10 MHz 
or more. 

You also should replace the processor with one rated to run at the 
new speed. For example, replace the 80286-6 with an 80286-10 or 
80286-12 if you want to use a crystal of greater frequency than your 
80286-6 chip allows. Don't forget that the math coprocessor, if you 
have one, also may need to be replaced with a faster chip. 

Memory chips and 80286 and 80287 chips are expensive. Replacing 
512K of memory on a normal AT motherboard might cost $200, and 
the processor and math coprocessor run more than $150 each. With 
this cost, most people choose to replace only the crystal and see 
how far they get. 

This simple crystal swap only works in the original AT models with 
01/10/84 ROM BIOS. You cannot change the crystal speed of systems 
with 06/10/85 or 11115/85 ROM BIOS dates, or the POST fails the 
motherboard test and issues the audio codes for motherboard 
failure-one long and one short beep. Fortunately, this failure is only 
temporary. When you reinstall the original crystal, the system works 
fine. This failed POST is the result of changes to the POST that IBM 
included in the latter ROM's. Some people say IBM made these 
changes to thwart this type of inexpensive speedup. IBM can't be 
blamed for trying, but where there is a will; there is a way. Several 
speedup devices can escape detection by POST routines. 

The best way around the POST is to use a crystal replacement unit 
containing a timer and a Variable Frequency Oscillator (VFO). This 
unit can vary the output frequency continuously and does not have 
to live within the rigid step boundaries imposed by the fixed 
frequency crystals. This crystal replacement is a universally 
applicable way to increase the speed of any AT. Several companies 
make units that allow variable speed increases to the limits of what 
your system takes. These VFO units get around the POST speed 
check problem in a novel way; they use a timer circuit to delay the 
speedup action until the POST is completed. To the diagnostics, the 
system checks out OK, but you can still enjoy the speed increase. 
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The only problem with this speedup method is the cost. These units 
cost about $100, which is much more than 99 cents, but still a 
bargain for the speed increase achieved. 

These units can be switched back to standard speed if you 
experience incompatibilities or problems. Some people like to slow 
down the system for games or recreational programs that run too 
fast. Because of the low cost, easy installation, and switchability, 
these units are recommended highly for an AT speed increase, 
especially the XCELX by Ariel. 

The XCELX consists of a VFO with a rear-mounted potentiometer 
that acts as a throttle for your AT. This unit has the requisite timer 
circuits that fool the POST in the newer systems, allowing the 
motherboard to pass the diagnostics. A bonus is that the XCELX 
includes a reset switch wired to the Power Good line. 

Installing In Circuit Emulator Boards for the AT 

In Circuit Emulator (ICE) boards for ATs are not as diverse or 
complicated as those for PC types of systems. These boards follow a 
synchronous design and use 80386 chips as a base. 

Install these boards like you did for PC types of systems. Place the 
ICE boards in a normal expansion slot, remove the 80286 processor, 
and replace the processor with a cable and plug from the ICE board. 
These boards have memory that can be accessed as 32-bit memory 
and is much faster than memory on the motherboard. In general, 
these boards are more expensive than boards for PC systems 
because they use 80386-based designs and come with 1M or more of 
memory. 

Several of these ICE boards are on the market, but the one I 
recommend is the Intel Inboard 386. This board costs about $1,500 
to $1,800 depending on whether memory is included. The Intel 
Inboard 386 does not affect the AT's capability to run OS/2, the 
board just runs the program faster than before. The speedup 
achieved with this type of board is typically double the original 
speed. 

Replacing the AT Motherboard 

You have many choices of motherboard replacements for AT 
systems, and like the ICE boards, these replacements use 80386­
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based designs. These systems do not share the problems of 
upgrading an XT to this level, because you already have an AT type 
of system and the new board is an AT design. You do not have to 
change any expansion boards, including the hard disk controller, 
memory, serial ports, floppy controller, or floppy drives because they 
are already AT devices. 

The only differences between these motherboards and the boards 
available for PC systems are the location of the mounting screw 
holes and the physical dimensions of the board. The AT chassis is 
much bigger than the PC, so these boards can be larger. 

Adding Video Adapter Boards 
Adding a high-resolution video display adapter. and monitor is a 
great way to put some life into an early system. This type of 
upgrade, however, can be expensive. High resolution color graphic 
displays usually cost between $500 and $1,000. The adapters can 
cost from $200 to $500. Most upgrades of this nature are video 
adapter and display compatible with the IBM PS/2 VGA display 
system. This upgrade ensures software compatibility with the 
majority of programs. The earlier display adapters, including the 
Enhanced Graphics Adapter (EGA), are becoming obsolete and are 
not recommended for new system purchases, unless cost is the most 
important factor. 

You can set up a monochrome VGA system for about $500, including 
an adapter and monitor, and upgrade to a full-color display when 
money becomes available. The VGA senses the type of display 
(mono or color) and adjusts the display to a mode in which 64 
shades of gray are used instead of color. This adjustment is done 
with no changes in software configuration. 

For example, I upgraded one of my systems to a VGA adapter and 
color display. I took 91M of software from a system with a Color 
Graphics Adapter and placed the software in this new system. I was 
able to run every program without reconfiguring any of them. None 
of the graphics programs could take full advantage of the VGA's 
higher resolution or additional colors, but the no-hassle upgrade was 
important. Now, I can take my time and upgrade or add new 
software that fully uses the VGA. I also can rest assured that no 
matter what system the program was written for, MDA, CGA, or 
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EGA, this new VGA system will handle the program without 
reconfiguration. The final bonus is that the same VGA software that 
runs on a system with a color display also runs on a system with a 
monochrome display without reconfiguration. If a monochrome 
display is sensed at boot time, the VGA adapter invokes a color­
summing routine that converts all colors to 64 shades of gray. 

Adding a Reset Switch 
A switch that applies a full reset to your system keeps power going 
to the system and gets you out of a lock-up situation. A reset switch 
saves a lot of time and some of the wear and tear that your unit 
receives when you use the power switch as a reset button. Because 
IBM and most compatible vendors have built full reset circuitry into 
the motherboard, the hardest part of adding a reset switch to your 
system is figuring out where to mount the switch. 

Adding a reset button is possible on any system with a power 
supply that provides a Power Good signal, including every IBM 
system. 

On IBM computers, the Power Good signal is on the connector that 
plugs into the rear-most of the two power supply connectors. In PC 
and XT systems, this signal traces through the motherboard to the 
8284a chip at pin 11. When this line is shorted to ground and 
returned to normal, the 8284a (82284 in an AT) generates a reset 
signal on pin 10. The reset signal is sent to the 8088 at pin 21, and 
the boot process begins. In other systems with different processors 
and timer chips, like AT or PS/2 systems, the Power Good signal 
also initiates a reset if the system is grounded and returns to 
normal. 

In all systems, the CPU is reset, causing the CPU to execute code at 
memory location FOOO:FFFO, the power up reset vector. An 
immediate jump instruction at this location sends the CPU to the 
start location for the system ROM. The system begins the POST. The 
processor and DMA chips are tested, but before initiating a full bore 
system test, including all memory, the location 00472 is compared to 
the value 1234h. If they are equal, a warm start is indicated and the 
memory tests are skipped. If another value is there, a cold start 
causes all memory to be tested. 
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To add a reset switch, you need the following parts: 

• 	 6 inches of thin gauge insulated wire 

• 	 1 single pole, normally open momentary contact push-button 
switch 

The idea behind installing a reset switch is to run a momentary 
contact switch parallel with the Power Good line and ground. To 
accomplish this, follow these steps: 

1. 	 Remove the power supply connector containing the Power 
Good signal from the motherboard. 

Look in your technical reference manual to make sure that you 
have the right connector and can identify the signal wire 
containing the Power Good signal. Sometimes this information 
also is found on a sticker attached to the power supply. 

2. 	 Poke the stripped end of a wire into the hole in the power 
supply connector in which the Power Good signal is carried. 

3. 	 Plug the connector back onto the motherboard with the wire 
inserted. 

4. 	 Run the other end of the wire under one of the screws that 
secures the motherboard. The screw serves as a ground. 

5. 	 Cut the wire in the middle, bare the ends, and attach the 

stripped wire ends to the normally open, single pole, 

momentary contact push-button switch. 


6. 	 Run the wire and the switch outside the case. 

You now have a functioning reset button. You may want to mount 
the switch to an available place in the unit, such as an empty card 
bracket, in which you can drill a small hole to accept the switch. 

Although a simple button and wire does the trick, you may want to 
place a 1I4-watt resistor with a value between 1K and 2.7K in-line 
with the wire from the Power Good line to the switch. When the 
switch is pressed, the boot sequence is initiated. 

The actual boot process that occurs depends upon the status of 
memory location 00472. This location is OOOOh when the system is 
first powered up and until a Ctrl-Alt-Del sequence is initiated. If the 
last boot operation was a cold boot due to an initial power on, every 
subsequent use of the reset button causes a cold boot to be 
performed. After a manual warm boot sequence, Ctrl-Alt-Del, is 
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performed, every subsequent use of the reset button initiates a 
warm boot that skips the memory tests and saves time. To eliminate 
the need for a Ctrl-Alt-Del sequence, you can enter a program using 
DEBUG that produces WARMSET.COM to run in your 
AUTOEXEC.BAT file. This simple program quickly sets memory flags 
to indicate that a warm boot should be initiated when the switch is 
pressed. 

The program listing for WARMSET.COM is as follows: 

C:\UTIL>debug 

-n warmset. eom 

-a 100 

XXXX : 0100 MOV AX,0040 

XXXX : 0103 MOV DS,AX 

XXXX : 0105 MOV WORD PTR [0072] ,1234 

XXXX : 010B INT 20 

XXXX:Ol0D 

-rbx 

BX 0000 

:0 
-rex 

CX 0000 

:D 
-w 
Writing DODD bytes 
-q 

Unlike the Ctrl-Alt-Del combination, the hardware reset cannot be 
ignored by your system no matter how locked up the system 
may be. 

Upgrading to a 
New DOS Version 
One upgrade overlooked by many users is an upgrade to a new 
version of the operating system. A DOS upgrade can be complicated 
by the use of different OEM versions of DOS, but normally you 
should not have to reformat your hard disk when upgrading from 
one version of IBM DOS to another. If you are using non-standard 
drivers or other non-DOS support programs, you may have to format 

http:WARMSET.COM
http:WARMSET.COM
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the disk or use DEBUG or another low-level utility to modify the 
disk's boot sector and root directory. This modification enables the 
SYS command of the new version to operate properly. The following 
explanation of the procedure for moving a hard disk-equipped 
system from one version of DOS to a higher one, assumes that the 
source version of DOS is 2.0 or higher and the destination version is 
3.21 or higher. 

The easy way to perform this upgrade is done without reformatting 
the hard disk. The easy method can be accomplished in less than 
five minutes. The harder method involves a complete backup and 
restore operation of all data and program files on the disk. 
Depending upon what media and systems you have in place for 
backup, this operation takes at least an hour. 

To perform a DOS version upgrade the easy way, use the following 
procedure: 

1. 	 Boot the new DOS version from drive A. 

2. 	 Transfer the system files to C: with this command: 

SYS C: 

3. 	 Place each disk in drive A and type DIR REPLACE.EXE. When 
you find the disk containing REPLACE.EXE, type COPY 
REPLACE.EXE C:\ and press Enter. 

The REPLACE.EXE program must be in an accessible place. 
REPLACE.EXE can be found on one of the following disks: 

IBM DOS 3.2 System Disk 
COMPAQ DOS 3.2 System Disk 
IBM DOS 3.3 Startup Disk 
COMPAQ 3.31 Operating Disk 

4. 	 Use the following command to replace all transient files on C: 
with new versions: 

C: \ REPLACE A: \ *.* C: IS IR 

5. 	 Change the disk in drive A to the second DOS floppy disk and 
repeat the preceding step until all DOS floppy disks have been 
inserted. 

6. 	 Place the boot disk back in drive A. 

7. 	 Add any new transient files to the C: \DOS directory with this 
command: 

C:\REPLACE A:\*.* C:\DOS IA 



544 Upgrading and Repairing PCs 

8. 	 Replace the boot disk with the second DOS floppy disk and 
repeat the preceding step until all DOS floppy disks are 
inserted. 

When you are done, the system boots from the hard disk. This 
method ensures that all previous DOS files are overwritten with new 
versions. 

If you use a directory other than C: \DOS to store your DOS program 
files, replace C:\DOS in the preceding steps with that directory. If 
you have any problems with the SYS command, your installation 
probably has an abnormality. This abnormality can be caused by 
mixing different OEM versions of DOS or by using non-standard 
driver files to address limitations in DOS's partitioning capabilities. If 
you have problems, proceed with this upgrade by using the harder 
method. 

You have to use the harder method if you want to take advantage of 
the newer DOS's disk-formatting capabilities. You can take any 
system and upgrade the hard disk to boot IBM DOS 4.01, but if you 
do not use DOS 4.01 to partition and format the disk, you cannot 
take advantage of the more than 32M volume sizes that DOS 4.01 is 
capable of. 

To perform a DOS version upgrade by using the harder method, 
follow these steps: 

1. 	 Boot the system from the earlier version of DOS. 

2. 	 Execute a complete backup using the method of your choice. 

3. 	 Use the earlier DOS FDISK to remove the DOS partition(s). 

4. 	 Boot the new version of DOS. 

5. 	 Use the new DOS FDISK to create partitions. 

6. 	 Perform a high-level format and install the new DOS system 
files with this command: 

FORMAT C: /S 

7. 	 Restore the previous backup, but do not restore the system 
files (IBMBIO.COM and IBMDOS.COM). 

8. 	 Place each disk in drive A and type DIR REPLACE.EXE. When 
you find the disk containing REPLACE.EXE, type COPY 
REPLACE.EXE C:\ and press Enter. 

http:IBMDOS.COM
http:IBMBIO.COM
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9. 	 Use the following command to replace all transient files on C: 
with new versions: 

REPLACE A: \ *.* C: IS IR 

10. Place the second DOS floppy disk in drive A and repeat the 

preceding step until all DOS floppy disks are inserted. 


11. Place the boot disk back in drive A. 

12. 	 Add any new transient files to the C: \DOS directory with this 
command: 

REPLACE A:\*.* C:\DOS IA 

13. 	 Replace the boot disk with the second DOS floppy disk and 

repeat the preceding step until all DOS floppy disks are 

inserted. 


When you are done, the system boots from the hard disk. If you use 
a directory other than C: \DOS to store program files, replace C:\DOS 
with that directory. This method ensures that all previous DOS files 
are overwritten with new versions. 

Backup procedures make this method difficult, unless you have a 
proper tape backup system. You have to figure out how to prevent 
your backup system from restoring the system files. 

If you are using the DOS 3.3 or higher BACKUP and RESTORE 
commands, preventing the overwriting of the system files has been 
greatly simplified. Because RESTORE can never restore the files 
IBMBIO.COM, IBMDOS.COM, and COMMAND.COM, the chances of 
overwriting them are eliminated. 

The new version of DOS needs to use the FDISK for the newer 
partitioning capabilities to become available. The earlier version's 
FDISK also must be used to remove the partitions that it created, or 
you can redo the low-level format of the disk, wiping everything 
clean. An advantage to using the FDISK is that other non-DOS 
partitions survive. The lOW-level format, however, re-marks the 
sectors and tracks, which may be desirable if the hard disk is a 
stepper-motor-actuated type. 

http:COMMAND.COM
http:IBMDOS.COM
http:IBMBIO.COM
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~apter Summary 
This chapter examines many types of system upgrades, including 
memory expansion, disk system expansion, speeding up a system, 
improving the video subsystem, adding a reset switch, and 
upgrading to a new DOS version. This chapter should give you some 
insight and useful recommendations so that you can avoid the 
pitfalls that have caused others to stumble. Upgrading a system can 
be a cost-effective way to keep up with the rest of the computing 
community and to extend the life of your system. By upgrading, 
however, you also can create a "Frankenstein" system with 
compatibility problems before realizing just how much money you 
have poured into the system. You have to learn when to say NO to 
more upgrades for a particular system and to recognize when it is 
time for a new system. 



System Diagnostics 


chapter describes the three different levels of diagnostic 
software (POST, system, and advanced) and discusses how you 

can get the most out of them. IBM's audio codes, error codes, and 
their descriptions are listed also. This chapter also examines 
aftermarket diagnostics and public domain diagnostic software. 

Diagnostic Software 
The IBM PC, XT, AT, PS/2, and compatible computers have several 
types of diagnostic software procedures available to assist a user in 
identifying many of the problems that may occur with the 
computer's components. These programs can do most of the work in 
determining which PC component is defective. Three programs are 
available that can help you locate a problem; each program is more 
complex and powerful than the preceding one. These diagnostic 
programs include the following: 

• 	 A POST (power-on self test) that operates whenever a PC is 

powered up or turned on 


• 	 General diagnostics testing software that uses the 

diagnostics disk and accompanying problem determination 

procedures outlined in the guide to operations manual for 

each system 


• 	 Optional advanced diagnostics testing software and 

procedures that use the advanced diagnostics disk and 

procedures provided in the hardware maintenance service 

manual. The advanced diagnostics disk is provided free with 

the PS/2 systems. 


547 
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Operators often use the first and last of these software systems to 
test and troubleshoot most systems. 

The IBM advanced diagnostics disk is included with the hardware 
maintenance service manual, and it-along with the accompanying 
hardware maintenance reference and assorted updates to both 
manuals-costs more than $400. Although this price may seem 
expensive, any service technician uses the same manuals in 
diagnosing and repairing a system. Anyone supporting more than 
just a single PC system will quickly recoup the expense in saved 
labor costs and avoidance of the trouble of carry-in service. 

Although the IBM service manuals are expensive, they are complete 
and represent the definitive word on the subject. Unlike many 
companies, IBM provides in-depth system documentation. Indeed, 
this documentation is one of the primary reasons for the success of 
the IBM systems in becoming an industry standard. 

Power-On Self Test (POST) 
When IBM first began shipping the IBM PC in 1981, it included 
"safety" features that had never been seen before in a personal 
computer. These features were the POST and parity-checked 
memory. The parity-checking feature is explained in Chapter 7. This 
section explains the POST. The POST is a series of program routines, 
buried in the motherboard ROM firmware, that tests all the main 
system components at power-on time. This program series is the 
cause for the delay after you turn on an IBM-compatible system; the 
program is executed before the system loads the operating system. 

What Is Tested? 

Whenever you start up your computer, the computer automatically 
performs a series of tests that check various components in your 
system. The components tested by this procedure are the primary 
ones. Items such as the CPU, ROM, motherboard support circuitry, 
memory, and major peripherals (such as the expansion chassis) are 
tested. These tests are brief and not very thorough compared with 
the other disk-based diagnostics that are available. This POST 
process provides error or warning messages whenever a faulty 
component is encountered. Two types of messages are provided: 
audio codes and display screen messages or codes. 
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Error Codes 

POST error codes usually are audio codes consisting of variations of 
beeps that identify the faulty component. If your computer is 
functioning normally, you hear one short beep when the system is 
started up. If a problem is detected, a different series of audio codes 
is sounded. These audio codes and corresponding problem areas are 
listed in table 13.1. 

Table 13.1 

Audio Codes and Their Fault Domains 


Audio Code Probable Fault Domain 

No beep Power supply 

Continuous beep Power supply 

Repeating short beeps Power supply 

1 long and 1 short beep Motherboard 

1 long and 2 short beeps Video adapter card 

1 short beep and bad/no Video cable and/or display 

display 


1 short beep and no boot Disk cable, adapter, or drive 

On the XT, AT, PS/2, and most compatibles, the POST also displays 
system memory as it is tested. The last number displayed (640KB OK, 
for example) is the amount of memory that tested properly. This 
number should agree with the total amount of memory actually 
installed in your system, including conventional and extended 
memory. Expanded memory is not tested by the POST and does not 
count in the numbers reported. 

If an error is detected during the POST procedures, an error message 
is displayed. These messages usually are in the form of a numeric 
code several digits long. The information found in the hardware 
maintenance service manual identifies the malfunctioning 
component. This chapter includes an abbreviated list of the error 
codes, and an extended list is in the Appendix of this book. 
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System Diagnostics Disk 
Every IBM computer comes with a Guide To Operations (GTO) 
manual; this manual is in the reddish purple binder. The GTO 
includes a diagnostics disk to assist you in identifying problems that 
your computer may be having. PS/2 computers now come with a 
much smaller quick-reference guide that includes a reference disk. 
This disk contains both the regular and advanced diagnostics, as 
well as the normal SETUP program. 

The diagnostics disk and corresponding manual provide step-by-step 
instructions for you to test the various parts of your computer 
system, including the system unit and many installed options, such 
as the expansion unit, keyboard, display, and printer. Unfortunately, 
these diagnostics are at "customer level" and are lacking in many 
respects. The tests cannot be run individually; you always must run 
them all together, and many of the better tests have been deleted. 
These diagnostics really are a crippled version of the much more 
powerful advanced diagnostics that IBM sells. Many compatible 
system vendors do not segregate the diagnostics software like IBM 
does; many include an advanced type of diagnostics disk free with 
the system. AST, for example, includes its diagnostics program, 
called ASTute, free with every system. This program is similar to the 
IBM advanced diagnostics. 

You must boot from the diagnostics disk to run this program 
because a special version of DOS resides on the diagnostics disk. 
This DOS suppresses the system parity checking during the boot 
process. Parity checking may allow a defective system to "limp" 
through the diagnostics, whereas normally the system would be 
constantly locking up with the parity-check message. After the disk 
is loaded, the main diagnostics menu is displayed. The opening 
menu looks something like this: 

The IBM Personal Computer 
DIAGNOSTICS 
Version 2.06 
(C)Copyright IBM Corp. 1981,1986 

SELECT AN OPTION 

o - SYSTEM CHECKOUT 
1 - FORMAT DISKETTE 
2 - COpy DISKETTE 
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3 - PREPARE SYSTEM FOR MOVING 
4 - SETUP 
9 - END DIAGNOSTICS 

SELECT THE ACTION DESIRED 
? 

Options 0, 1, and 2 are part of the diagnostics procedures. Option 3 
is used to .. 'park" or secure the heads on a hard disk so that the 
system unit can be moved safely without damaging the disk or its 
contents. Option 4 is seen only on the AT version of the diagnostics 
and is used with the AT to identify installed options when you first 
set up your system. 

Option 1 is used to format a disk. This format is different from a 
normal DOS format, however, and this routine should not be used for 
formatting disks for use normally under DOS. This option really is 
designed to create a special "scratch disk" that is used by the 
diagnostics for testing purposes. Among other things, differences 
exists in the construction of the boot sector of this disk and a normal 
DOS disk. 

Option 2 is used to copy a disk. This routine is exactly like the 
DISKCOPY command in normal DOS. Option 2 creates a mirror-image 
copy of a disk, exactly the same in every way. This routine really 
was designed to copy the diagnostics disk, because the original disk 
should not be used for testing purposes, and the entire disk was 
designed to be a stand-alone usable system, without the presence of 
DOS. You normally use this option to make backups of your master 
diagnostics disk so that you can use the copies for actual testing 
purposes. The diagnostics disks can be copied by any other means 
as well because they are not copy protected. IBM never has 
protected any of the regular or advanced diagnostics, which allows 
you to make proper backups and keep the master disks safe. 

For general testing, you select Option O. When this option is 
selected, the diagnostics software loads various modules from the 
disk, which perform a "presence test" to see whether the device to 
which the module corresponds is in the system. A list of installed 
devices is presented, and you are asked whether the list is correct. 

For several reasons, this list does not match the system 
configuration exactly. The only items that are listed are those that 
have modules on the disk. If you purchase a new type of expansion 
item, such as a VGA graphics card, the diagnostics may still identify 
this board as an EGA board instead. No modules are available for 
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any of the expanded memory boards, so those never appear on the 
list. Nonstandard communications boards other than serial or parallel 
ports never are seen, either. 

If, for example, you have an IBM Token Ring network adapter in 
your system, it is never incorporated on the list of installed devices 
because the diagnostics (or advanced diagnostics) disks do not 
incorporate the modules for these adapters. IBM has a separate 
diagnostics program on its own disk for this adapter. Most standard 
devices should show up on the list, even if the particular device has 
not been made by IBM. Your hard disk controller should show up, 
for example, as should your video board (although it may identify 
the type of video card incorrectly), serial and parallel ports, 
conventional and extended memory (not expanded), the floppy 
drives, and the motherboard. 

If a device is installed that should show up but doesn't, the device is 
configured incorrectly or has a serious problem. Signify that the list 
is incorrect by answering no when asked whether the installed 
device list is correct. Then add the item to the list. If an item 
appears that you do not actually have installed, use the same 
procedure to remove the item from the list. This list represents all 
the tests that can be run. The only way you can test an item is to 
have it appear on this list. 

After going through the installed devices list, you see another menu, 
which is similar to the following: 

o -RUN TESTS ONE TIME 
1 - RUN TESTS MULTIPLE TIMES 
2 - LOG UTILITIES 
3 - END SYSTEM CHECKOUT 

Option 0 normally is selected to test anyone or all of the items in 
the system. Option 1 allows for any of these items (or all of them) to 
be tested repetitively as many times as you would like, or "forever." 
The forever option is handy because it enables you to run the 
diagnostics for an item continuously overnight or over a weekend to 
find particularly troublesome problems. This method can be an easy 
way to flesh out an intermittent problem. To record any errors that 
occur without your presence, you first select Option 2, which can be 
used to set up an error log. This log records the date, time, and 
actual error message to a floppy disk or a printer so that you can 
review them at a later time. 
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If an error does occur while these tests are running, a numerical 
error message appears along with the date and time. These numbers 
are listed in this chapter and in the Appendix. They follow the same 
conventions as the numbers displayed by the POST and are the 
same numbers in some cases. The diagnostic tests usually are much 
more powerful than the tests run in the POST. 

Although the diagnostics do an excellent job of identifying specific 
problem areas or problem components, they provide limited 
assistance in telling you how to correct the source of the errors. 
Little documentation is provided with these diagnostics, and in fact, 
the information most often provided is, "Have your system unit [or 
problem device] serviced." These diagnostics are a crippled version 
of the real diagnostics, which are part of the hardware maintenance 
service manual. The advanced diagnostics are what you should be 
using, and the diagnostics to which the remainder of this book 
refers. 

Advanced Diagnostics 
For "technician level" diagnostics, IBM sells the hardware 
maintenance service manuals, which include the advanced 
diagnostics disks. These disks contain the "real" diagnostics 
programs and, combined with the hardware maintenance service 
manuals, represent the de facto standard diagnostics information 
and software for IBM and compatible systems ..These programs 
produce error messages in the form of numbers. The number codes 
used are exactly the same as those used in the POST and general 
diagnostics software. The numbers are consistent in meaning across 
all diagnostic programs. This section will explore the advanced 
diagnostics and list most of the known error code meanings. IBM 
constantly adds to this error code list as it introduces new 
equipment. 

Using Advanced Diagnostics 

If you really want to service the system in-depth, you can purchase 
the IBM Hardware Maintenance Service manual (about $195). This 
one book covers all the earlier systems, including the PC, XT, and 
AT. Updates cover the XT-286 and PS/2 Models 25 and 30. The 
"real" PS/2 systems have their own separate version of this book 
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called the PS/2 Hardware Maintenance and Service. This book costs 
$175 and includes spare copies of the standard reference disks. 

You might be surprised at the inclusion of these disks, especially 
when you read in the book that you have had the advanced 
diagnostics for the PS/2 systems all along. The book says that in 
order to activate the hidden advanced diagnostics, you need to know 
the secret back door. When at the reference disk main menu, simply 
press Ctrl-A for Advanced, and the menu flips, leaving you in the 
world of advanced diagnostics. 

Hiding access to advanced diagnostics from the average user is 
probably a good idea. An inexperienced person could do a lot of 
damage by low-level formatting of the hard disk, for instance. The 
rest of the contents of the PS/2 book are skimpy, because not too 
many parts are in a PS/2 system and they are easy to repair. This 
book often seems to end a troubleshooting session with this advice: 
"Replace the system board." If all you are looking for is the 
advanced diagnostics software, you have just saved $175. 

Although the guide to operations manual is good only for identifying 
a problem component, the hardware maintenance service manual 
provides information for you to isolate and repair any failure of an 
FRU -any part or component with interchangeable replacement parts 
that are stocked by IBM or the Original Equipment Manufacturer 
(OEM). 

The hardware maintenance service includes an advanced diagnostics 
disk and accompanying Maintenance Analysis Procedures (MAPs), 
which are instructions for you to isolate and identify problem 
components. To run the advanced diagnostic tests, follow the same 
procedures detailed in the section for general diagnostics testing. 

After booting the advanced diagnostics disk for your particular 
system (PC or AT), you see a menu similar to the following: 

The IBM Personal Computer 
ADVANCED DIAGNOSTICS 
Version 2.07 
(C)Copyright IBM Corp. 1981,1986 

ROS PIN: 78X7462 

ROS DATE: 04/21/86 
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SELECT AN OPTION 

o - SYSTEM CHECKOUT 
1 - FORMAT DISKETTE 
2 - COPY DISKETTE 
3 - PREPARE SYSTEM FOR MOVING 
4 - SETUP 
9 - END DIAGNOSTICS 

SELECT THE ACTION DESIRED 
? 

Note again that the fourth option only appears on the AT type of 
diagnostics. If you are using the PC version, this item does not apply 
and does not appear. 

The advanced diagnostics disks show the date of the ROM, as well 
as the IBM part number for the particular chips that are in your 
system. The screen shows this near the top as ROS (Read-Only 
Software). The 04/21/86 identifies the version of the ROM in this 
example. If you look up this date in the table in Chapter 7, which 
shows ROM identification information for IBM's systems, you see 
that this date indicates an IBM XT Model 286. The part number, 
which is read directly out of the ROM, is academic information, 
because IBM does not sell the ROM chips separately, but only with 
a complete motherboard swap. 

After you select Option 0, which invokes the diagnostic routines, 
each module on the disk loads and executes a presence test to 
determine whether the applicable piece of hardware is truly in the 
system. In this example, the result looks like the following: 

THE INSTALLED DEVICES ARE 

1 - SYSTEM BOARD 
2 - 2688KB MEMORY 
3 - KEYBOARD 
6 - 2 DISKETTE DRIVE(S) AND ADAPTER 
7 - MATH COPROCESSOR 
9 - SERIAL/P ARALLEL ADAPTER 

. - PARALLEL PORT 
11 - SERIAL/PARALLEL ADAPTER 

- SERIAL PORT 
17 - 1 FIXED DISK DRIVE(S) AND ADAPTER 
74 - PERSONAL SYSTEM/2 DISPLAY ADAPTER 

IS THE LIST CORRECT (YIN) 
? 
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You then answer yes or no depending on the accuracy of the list. 
Remember that not everything appears on this list. An IBM Token 
Ring network adapter does not appear, for example, and never will 
appear on this list because no software module designed for that 
particular option is present on the disk. The following list contains 
all the items that could appear on the list (as of Version 2.07 of 
these diagnostics). This list is different for other versions: 

1 SYSTEM BOARD 
2 MEMORY 
3 KEYBOARD 
4 MONOCHROME & PRINTER ADAPTER 
5 COLOR/GRAPHICS MONITOR ADAPTER 
6 DISKETTE DRIVE(S) 
7 MATH COPROCESSOR 
9 SERIAL/PARALLEL ADAPTER - PARALLEL PORT 
10 ALTERNATE SERIAL/PARALLEL ADAPTER - PARALLEL PORT 
11 SERIAL/PARALLEL ADAPTER - SERIAL PORT 
12 ALTERNATE SERIAL/PARALLEL ADAPTER - SERIAL PORT 
13 GAME CONTROL ADAPTER 
14 MATRIX PRINTER 
15 SDLC COMMUNICATIONS ADAPTER 
17 FIXED DISK DRIVE(S) AND ADAPTER 
20 BSC COMMUNICATIONS ADAPTER 
21 ALT BSC COMMUNICATIONS ADAPTER 
22 CLUSTER ADAPTER(S) 
24 ENHANCED GRAPHICS ADAPTER 
29 COLOR PRINTER 
30 PC NETWORK ADAPTER 
31 ALT. PC NETWORK ADAPTER 
36 GPIB ADAPTER(S) 
38 DATA ACQUISITION ADAPTER(S) 
39 PROFESSIONAL GRAPHICS CONTROLLER 
71 VOICE COMMUNICATIONS ADAPTER 
73 3.5" EXTERNAL DISKETTE DRIVE AND ADAPTER 
74 PERSONAL SYSTEM/2 DISPLAY ADAPTER 
85 EXPANDED MEMORY ADAPTER --- 2 MB --­
89 MUSIC FEATURE CARD(S) 

After certifying that the list is correct, or adding or deleting items as 
necessary to make it correct, you may begin testing each item listed. 

The tests performed by the advanced diagnostics disk are far more 
detailed and precise than those of the general diagnostics disk in 
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the GTO. In addition to identifying the problem component, the 
advanced diagnostics further attempt to identify the specific part of 
the device that is malfunctioning. 

Once a problem is identified, the hardware maintenance service 
provides detailed instructions for performing adjustments, preventive 
maintenance, and removal and replacement of the affected part. To 
this end, comprehensive hardware and design information is 
available, including parts lists that specify replacement part numbers 
and internal design specifications. 

Examining Error Codes 

Nearly all the personal computer error codes for the POST, general 
diagnostics, and advanced diagnostics are represented by the device 
number followed by two digits other than 00. The device number 
plus 00 is used to indicate successful completion of a test. This 
listing is a compilation from various sources, including technical 
reference, hardware maintenance service, and hardware 
maintenance reference manuals. 

If a designation such as 2xx or 02x is used, any error codes that 
begin with the first character(s) listed, and with any character in 
place of the x, indicate errors in the device listed. For example, 7xx 
equals math coprocessor errors, which means that any 700 to 799 
errors indicate that the math coprocessor is bad (or is having 
problems). Table 13.2 lists the error codes and their descriptions. 

Table 13.2 

Error Codes and Descriptions 


Code Description 

01x Undetermined problem errors 
02x Power supply errors 
1xx System board errors 
2xx Memory (RAM) errors 
3xx Keyboard errors 
4xx Monochrome Display Adapter (MDA) errors 
4xx PS/2 system board parallel port errors 
5xx Color Graphics Adapter (CGA) errors 
6xx Floppy drive/adapter errors 
7xx 8087, 80287, or 80387 math coprocessor errors 
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Table 13.2-continued 

Code Description 

9xx Parallel printer adapter errors 
10xx Alternate parallel printer adapter errors 
llxx Asynchronous communications adapter errors 
11xx PS/2 system board async port errors 
l2xx Alternate asynchronous communications adapter 

errors 
l2xx PS/2 dual async adapter error 
l3xx Game control adapter errors 
l4xx Matrix printer errors 
l5xx Synchronous Data Link Control (SDLC) 

communications adapter errors 
l6xx Display emulation (327x, 5520, 525x) errors 
l7xx Fixed disk errors 
l8xx I/O expansion unit errors 
19xx 3270 PC attachment card errors 
20xx Binary Synchronous Communications (BSC) adapter 

errors 
2lxx Alternate binary synchronous communications 

adapter errors 
22xx Cluster adapter errors 
24xx Enhanced Graphics Adapter (EGA) errors 
24xx PS/2 system board Video Graphics Array (VGA) errors 
26xx XT/370 errors 
27xx AT/370 errors 
28xx 3278/79 emulation adapter errors 
29xx Color/graphics printer errors 
30xx Primary PC network adapter errors 
3lxx Secondary PC network adapter errors 
33xx Compact printer errors 
36xx General Purpose Interface Bus (GPIB) adapter 

errors 
38xx Data acquisition adapter errors 
39xx Professional graphics controller errors 
7lxx Voice communications adapter errors 
73xx 3 l/2-inch external disk drive errors 
74xx IBM PS/2 display adapter (VGA card) errors 
85xx IBM Expanded Memory Adapter (XMA) errors 
86xx PS/2 pointing device errors 
89xx Music feature card errors 
100xx PS/2 multiprotocol adapter errors 
104xx PS/2 ESDI fixed disk errors 
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Aftermarket Diagnostics 
Besides those from IBM, many more diagnostics programs are 
available for IBM and compatible systems. Specific programs are 
available to test memory, floppy drives, hard disks, video boards, 
and most other areas of the system as well. The following section 
describes some of the best non-IBM diagnostics that are available, 
some of which should be considered essential in any toolkit. 

Replacements for IBM Advanced Diagnostics 

An IBM-compatible system should be able to run the IBM advanced 
diagnostics. Some manufacturers offer their own diagnostics. AT&T, 
Zenith, and Tandy, for example, offer their own versions of service 
manuals and diagnostics programs for their systems. Other systems 
that are without this type of manufacturer support can simply use 
the IBM diagnostics and repair manuals. 

Several alternatives are available for those of you who do not want 
IBM's diagnostics but do want a good, comprehensive diagnostics 
program for your systems. At least one advanced diagnostics 
program for IBM and non-IBM systems can be recommended: 
Service Diagnostics by SuperSoft. 

This program offers several advantages over the IBM diagnostics. 
The program is better at determining where a problem lies within 
the system. In particular, the memory tests are comprehensive and 
have identified problems that the IBM diagnostics sometimes have 
missed. Here are the main advantages to this program: 

• 	 All serial and parallel port "wrap plugs" are included. These 

plugs are required to properly diagnose and test serial and 

parallel ports. (IBM charges extra for these.) 


• 	 Floppy disk tests can properly determine drive alignment due 

to the use of specially created reference standard disks. 

Other software tests drives with any disk formatted by any 

drive and has no set of precisely placed recordings by which 

to judge the alignment of a drive. 


• 	 Special versions are available for IBM-compatible systems 

with different microprocessors, such as the 80386. Most other 

diagnostics programs simply treat any 80386 type of system 

as a regular AT, which misses speCial 80386 features such as 




560 Upgrading and Repairing PCs 

advanced memory mapping capabilities. Also, the early 
versions of the 80386 have contained one or more bugs, 
which the special 80386 version of this program can locate. 

And here are the disadvantages to the SuperSoft Service 
Diagnostics: 

• 	 The program is copy protected, but SuperSoft will make 

available an unprotected version on request . 


• 	 The manual is not as good as IBM's manual. 

The costs start at around $195 per module, depending on what 
versions and how many modules are needed. 

Other general-purpose advanced diagnostics programs are available, 
but all except IBM's are copy protected. Especially in a diagnostics 
program, some technicians find such copy protection unacceptable. 
Note that none of IBM's diagnostics or advanced diagnostics are 
protected in any way; as a matter of fact, they are designed to copy 
themselves, and the manual strongly recommends that you never 
use the original disk for actual work. The original is to be used for 
making backups only. This approach to the use of the software, 
along with the excellent manual that IBM provides, is the reason 
that many technicians recommend the IBM program over all others. 

A simple method exists for copying copy-protected disks. You can 
use several programs legally to make copies of these protected 
disks. Two of these programs are CopyWrite by Quaid Software Ltd. 
and Copy II PC by Central Point Software. Each program makes 
backups of almost any program. 

Disk Diagnostics 

The advanced diagnostics from IBM and other manufacturers do a 
good job of covering most of the components in a system with a 
reasonable level of diagnostic capabilities. But these programs 
sometimes fall short in the area of testing disk drives. The disk 
drives are some of the most troUble-prone and complicated 
components in computer systems, and it is no wonder that a 
diagnostics program designed to cover everything may be a little 
weak in this area. IBM's own advanced diagnostics for the PC are 
extremely poor in the area of testing hard disks. The IBM PC version 
of this program (not the AT version) does not even allow for the 
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entry of the manufacturer's defect list during a hard disk low-level 
format. This program also formats a hard disk at a fixed interleave 
value of 5 to 1, no matter what type of controller you have. 

For the best floppy and hard disk diagnostics, you must use 
specialized software programs designed solely for these types of 
hardware. Several excellent programs are available specifically for 
testing floppy drives as well as hard disks. These programs are a 
welcome addition to anyone's toolkit and are an excellent 
supplement to the advanced diagnostics types of programs that do 
it all. 

The next section of this chapter discusses some of the best disk 
diagnostic and testing programs on the market today and what they 
can do for you. 

HtestlHformat (Paul Mace Software) 

For specific troubleshooting and low-level formatting of hard disks, 
the Htest/Hformat program from Paul Mace Software is the best on 
the market. At $89, this program belongs in every technician's 
toolkit. This program does not have the "hype" surrounding it that 
many remotely similar products on the market have today. This 
program is not flashy and overly friendly, but it is one of the most 
powerful hard disk utilities available. 

Interrogator (Dysan) 

Many programs on today's market evaluate the condition of floppy 
disk drives by using a disk created or formatted on the same drive. 
Any program that uses this technique simply cannot make a proper 
evaluation ofa disk drive's alignment. What is required is a specially 
created disk that is produced by a tested and calibrated machine. 
This type of disk can be used as a reference standard by which to 
judge a drive. Dysan is a manufacturer of such disks, which are 
called Digital Diagnostics Diskettes, or DDDs. These disks can be 
read by a program designed to read them and evaluate the 
capabilities of a drive against the disk. These disks contain certain 
known errors, such as sectors that are progressively further and . 
further from the precise track center. Just how many of these 
intentionally off-center sectors a disk can read is used to gauge the 
drive's alignment. 
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In the Dysan DDD, for example, one of the tracks has sectors 
recorded as shown in figure 13.1. 

Fig. 13.1. -6 X X +6 
Special Digital 
Diagnostics Disk -5 X X +5 
(DDD) track with 
off-center sectors -4 X X +4 
used to measure 
disk alignment. -3 X X +3 

-2 X X +2 

-lX X +1 

X 

+ 

Each X represents a sector, and the +1, +2, -1, -2, etc., indicate 
how far from the center of the track the sector is located. When 
another drive reads this specially formatted track, it identifies how 
many sectors outside ( +) or how many sectors inside ( -) the track 
can be read. A perfect score is + 12, -12. This score indicates that 
the drive can read a span of 12 sectors out in each direction, which 
implies that the heads are centered over the track. Suppose that the 
score is reported as +7, -15. This score indicates that the drive is 
misaligned toward the center of the disk. A score of +8, - 8 
indicates that a drive may be aligned perfectly but it is not very 
forgiving of misaligned sectors on a disk. This last drive may 
experience problems reading disks written by other drives that are 
not perfectly aligned. These types of tests can be a valuable 
measure of what is going on with a particular drive. 

The program designed to work with these specially created disks is 
called the Dysan Interrogator. This easy-to-use program has many 
useful tests that can report a drive's condition accurately. 

Public Domain Diagnostics 

Many excellent diagnostic programs are available in the public 
domain. Numerous programs are available for diagnosing problems 
with memory, hard disks, floppy disks, displays and adapters, and 
virtually any other part of the system, and these programs can be 
excellent substitutes for any of the other "official" diagnostics 
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programs. Many of these programs really are commercial-quality 
programs that are simply distributed under a "try now, pay later" 
concept. This user-supported software is designed to use the typical 
public domain software channels for distribution but is supported by 
honest users' payments for use. Some programs are "user 
supported" by contributions and donations from satisfied users 
nationwide. 

Although you can find many sources for public domain and user­
supported software, including many distribution companies and 
electronic bulletin boards, one source stands out: the Public 
Software Library. 

This organization started as an outgrowth of a Houston computer 
users group but has gone on to have the best single collection of 
public domain and user-supported software. What makes this 
company extraordinary is that all the software is tested before 
entering the library. Bugged programs usually don't make it in the 
front door, which also eliminates the so called "virus" or Trojan 
horse programs that damage a system. All the programs are the 
latest versions available, and earlier versions are purged from the 
library. Many other companies don't think twice about selling you a 
disk full of old programs. The programs in this library are not sold 
but simply distributed. The authors are aware of how these 
programs are being distributed, and no excessive fees are charged 
for the disk and copying services. This is truly a legitimate company 
that has a program author's approval to distribute the software in 
this fashion. All disks are $5 and are guaranteed, unlike many 
comparable organizations that seem bent on making as much money 
as they can. 

5Ehapter Summary 
This chapter examined the diagnostic software that can be used as a 
valuable aid in diagnosing and troubleshooting a system .. The 
chapter explained IBM error codes and included a reference chart 
showing the meanings of these codes. Advanced diagnostics were 
discussed also, as were some of the better aftermarket replacements. 
This chapter also covered some of the specialized diagnostics for 
particular areas of the system, such as disk drives. The chapter 
ended with a discussion of public domain and user-supported 
software, which is a rich source of fantastic utilities that are 
relatively inexpensive and very good. 
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Hardware 
Troubleshooting Guide 

r!'ll~'l' chapter lists specific procedures for troubleshooting various 
Wl system components. By now, you have a good understanding of 
how things work and should be installed. This information is the 
information you need for troubleshooting. To be a good troubleshooter, 
you need to understand a system better than the average person. 

The procedures listed here are not meant to be a replacement for 

the hardware maintenance service manuals that your system 

manufacturer provides but are designed to augment that 

information. These procedures are simple and concise, and they can 

be applied to most any IBM or compatible system. 


This chapter also lists the items that fail most often in a system and 

recommends the items you should carry in inventory as spare parts. 


Getting Started with 
Troubleshooting 
When you troubleshoot a system, you should approach the task with. 

a clear mind and a relaxed attitude. If you get overexcited or panic, 

you will make figuring out the problem much more difficult. 


Don't start taking apart the system unit right away. First, sit back 

and think about the problem. Make notes and record any 

observations. These notes can be valuable, especially for difficult 
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problems. Don't throwaway the notes once the problem is solved. 
These notes can be valuable for a recurring problem. You should 
develop a systematic approach to determining what the problem is. 

Here are some basic troubleshooting rules of thumb: 

1. 	 Check the installation and configuration. Often, if I have just 
put together a system and it doesn't work properly, it's my 
own fault. I didn't set a jumper correctly, plugged a cable in 
backward or left it unplugged, or some other small detail. 

2. 	 Check the installation and configuration again! Even when I 
am sure it's correct, I still have made mistakes. Double check 
everything. 

3. 	 If you still have a problem, work your way through the system 
item by item, from those most likely to cause a problem to 
those least likely to cause a problem. Power supplies often 
cause problems, for example, so you should check the power 
supply before many other devices. An improper low-level 
format can cause hard disk problems, so check that possibility 
before you assume that the disk is bad. 

4. 	 A variation on the preceding rule is to work your way through 
the system from the simplest, least expensive, and easiest-to­
replace item to the most complex, most expensive, and 
hardest-to-replace item. This is just common sense. Check 
cables before adapter cards, for example, and check adapter 
cards before disk drives. 

5. 	 Check the environment, including incoming power, ambient 
temperature fluctuations, humidity, static electricity, and 
airborne contaminants. Environmental influences can cause 
many problems, and these problems can be the most difficult 
to track down. (How can you see temperature or humidity 
variations?) 

6. 	 Keep the documentation and manJJ,als close by. Write your own 
documentation for your syste~sand include anything you put 
into your system. Document th~Jnterrupt and DMA channel 
settings, port usage, memory usage, what slots the adapter 
cards are installed in, what kinds ofmemory chips you used in 
the system, and so forth. This documentation can save you 
from much unnecessary labor. 

Keep these simple rules in mind, and your troubleshooting sessions 
can be enjoyable challenges. 
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Diagnosing Intermittent Problems 
The bane of any troubleshooter is the intermittent problem. Often, 
you have to rely on a report from a user who cannot describe the 
symptom in an accurate, precise fashion. You have to interpret the 
user's description and guess what really happened. You may think 
you have fixed the problem only to find that the problem occurs 
again. 

If you can, get the system user to write down when the problem 
occurs and what the exact symptoms are. Before you begin 
disassembling the system, try to re-create the problem. Once you 
have witnessed the intermittent problem yourself, run the 
diagnostics software. 

One of the best resources in the case of an intermittent failure is the 
advanced diagnostiCS software. This software can execute a test in 
an endless loop mode, which can be set to run all night or over a 
weekend. Another weapon commonly used to track down these 
problems is heat. You can use a hair dryer to warm up the 
motherboard and other electronics to help the failure along. You 
must be careful not to do any real damage, and I almost hesitate to 
mention it. Only experience and practice can give you a feel for just 
how hot you should make a board and when enough is enough. 

Sometimes the opposite approach can work too. When a system is 
exhibiting the problem, you can spray some "component cooler" or 
Freon onto the suspected component, which chills it. If the 
component's failure is heat related, this chilling often restores its 
operation. 

Static electricity and other external environmental influences often 
can cause what appears to be an intermittent problem. Noting the 
state of the surrounding environment when the problems are 
occurring is important. Pay attention to time too. Sometimes strange 
time patterns can help you discover that a problem is related to an 
external influence, such as turning on any large motors at the same 
time each day. 

Keep these tips in mind the next time you have an intermittent 
problem, and you may find it easier to handle. 
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Using a Troubleshooting 

Flowchart 

Attempting to find a city in an unfamiliar state is made easy by the 
use of a road map. In the same vain, a map or flowchart can help 
you find a problem with a computer system. Knowing the 
appropriate path can get you to your destination for repairing the 
system with the least amount of detours. This section gives you the 
paths to follow to solve problems most successfully. 

The Power Supply 
If you suspect a power supply problem, the simple measurements 
outlined in this section can help you determine whether the power 
supply is at fault. These measurements will not detect many 
intermittent or overload failures, so you may have to use a spare 
power supply for long-term evaluation. If the symptoms and 
problems disappear with the replacement unit, you have found the 
source of your problem. 

To test a power supply for proper output, check the voltage between 
pins 1 and 5 (ground) for 2.4 to 5.4 vdc on the system board 
connectors. If the measurement is not within that range, the supply 
is bad. 

Continue by measuring for the following voltage ranges on the pins 
on the motherboard and drive power connectors: 

Motherboard Connector Measurements 

Voltages Pins 

Minimum Maximum - Leads +Leads 


+4.8 +5.2 P8-5 P9-4 
+4.5 +5.4 P9-3 P8-6 
+11.5 +12.6 P9-1 P8-3 
+10.8 +12.9 P8-4 P9-2 
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Disk Drive Connector Measurements 

Voltages Pins 

Minimum Maximum - Leads +Leads 


+4.8 +5.2 2 	 4 
+11.5 + 12.6 3 	 1 

Replace the power supply if these voltages are incorrect. Note that 
all these measurements must be made with the power supply 
installed in a system, and the system must be running. 

The types of power supplies used in these systems are called 
"switching" power supplies. These supplies must always have a 
proper load to function correctly. If you take the supply out of the 
system unit, set it on a workbench, plug it in, and power it on, the 
supply will immediately shut itself down. It will not run unless it's 
plugged into a motherboard and at least one disk drive. 

The original AT systems came with a huge load resistor mounted in 
place of the hard disk, which allowed the supply to operate properly 
even without a hard disk installed. If you are setting up a "diskless" 
system, make sure that you use a similar type of power load or you 
will have problems with the supply, and you may even bum it out. 

The System Board 
A motherboard failure can be difficult to detect. In many cases, the 
system is simply nonfunctional. If the system is nonfunctional or 
partially functional and you suspect a motherboard failure, the 
following troubleshooting procedures can be helpful: 

• 	 Check all connectors to ensure that they are plugged in 

correctly. 


• 	 Confirm that the wall outlet is a working outlet. 

• 	 Look for foreign objects such as screws that you may have 
dropped on the motherboard and make sure that the board 
itself is clean. 

• 	 Confirm that all system board switch settings are correct. 

• 	 Run the advanced diagnostics system board test. 
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Error codes are displayed as follows: 

Code Description 

lxx System Board Errors 
101 System Board Error; Interrupt failure. 
102 System Board Error; Timer failure. 
103 System Board Error; Timer interrupt failure. 
104 System Board Error; Protected mode failure. 
105 System Board Error; Last 8042 command not accepted. 
106 System Board Error; Converting logic test. 
107 System Board Error; Hot Non Maskable Interrupt test. 
108 System Board Error; Timer bus test. 
109 System Board Error; Memory select error. 
110 PS/2 System Board Error; Parity check error. 
111 PS/2 Memory adapter error. 
112 PS/2 MicroChannel arbitration error. 
113 PS/2 MicroChannel arbitration error. 
121 Unexpected hardware interrupts occurred. 
131 PC system board cassette port wrap test failure. 
161 System Options Not Set-{Run SETUP); Dead battery. 
162 System Options Not Set-{Run SETUP); CMOS 

checksum/configuration error. 
163 Time & Date Not Set-(Run SETUP); Clock not updating. 
164 Memory Size Error-(Run SETUP); CMOS setting does 

not match memory. 
165 PS/2 System options not set. 
166 PS/2 MicroChannel adapter time-out error. 
199 User indicated INSTALLED DEVICES list is not correct. 

The Appendix contains an extensive listing of POST (power-on self 
test) and diagnostics error codes. 

Next, check the supply voltage for 2.4 to 5.2 vdc between pins 1 
and 5 (ground) at the system board. Turn off the power and remove 
all options adapters from the system board. Check for the following 
resistance values at the motherboard power connectors: 
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Pin Minimums 
-Lead +Lead Resistance 

5 3 17 Ohms 
6 4 17 Ohms 
7 9 17 Ohms 
8 10 0.8 Ohms 
8 11 0.8 Ohms 
8 12 0.8 Ohms 

Improper resistance readings may indicate that the motherboard is 
defective, particularly if the resistance is below the minimums 
indicated. If the voltage measurements aren't within the parameters 
specified, the power supply may be defective. 

The Battery 
A defective battery is usually indicated during the POST with a 161 
error. The simplest way to determine whether the battery is 
defective is to replace it. Otherwise, first rerun the SETUP program; 
if this doesn't correct the problem, disconnect the battery from the 
system board. The battery voltage between pins 1 and 4 on the 
battery connector should be at least 6.0 vdc. Replace the battery if it 
doesn't meet the correct voltage specifications. 

The Keyboard 
Keyboard errors sometimes can be difficult to detect. To troubleshoot 
the keyboard and cable assembly, power on and observe the POST. 
Write down the 3xx error if you received one. Turn off the power 
and disconnect the keyboard. Then, turn on the power and check 
the voltage at the system board keyboard connector for the following 
specifications: 

Keyboard Connector Specifications 
Pin Voltage 

1 +2.0 TO +5.5 
2 +4.8 TO +5.5 
3 +2.0 TO +5.5 
4 GROUND 
5 +2.0 TO +5.5 
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If your measurements don't match these voltages, the motherboard 
may be defective. Otherwise, the keyboard cable or keyboard itself 
may be defective. Replace the keyboard cable and run the advanced 
diagnostics keyboard test. The error codes are displayed as follows: 

Code Description 

3xx Keyboard errors 
301 Keyboard did not respond to software reset or a stuck 

key failure was detected. If a stuck key was 
detected, the scan code for the key is displayed in 
hexadecimal. 

302 System Unit Keylock is Locked. 
303 Keyboard Or System Unit Error. 
304 Keyboard Or System Unit Error; Keyboard clock high. 
305 PS/2 Keyboard fuse (on system board) error. 

The Video Adapter 
If you suspect problems with the video board, make sure that the 
switch settings on the motherboard and video card are correct and 
turn on the power. Listen for audio response during the POST (one 
long and two short beeps indicate a video failure). 

If the adapter is supported, run the advanced diagnostics video 
adapter test for the particular adapter you want to test. Adapters 
that aren't supported always fail the tests even though they may be 
good. Error codes are displayed as follows: 

Code Description 

4xx Monochrome Display Adapter (MDA) errors 
4xx PS/2 System board parallel port errors 
401 Monochrome memory test, horizontal sync frequency 

test, or video test failure. 
401 PS/2 System board parallel port failure. 
408 User indicated display attributes failure. 
416 User indicated character set failure. 
424 User indicated 80x25 mode failure. 
432 Parallel port test failure; monochrome display 

adapter. 

5xx Color Graphics Adapter (CGA) errors 
501 CGA memory test, horizontal sync frequency test, or 

video test failure. 
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Code Description 

508 User indicated display attribute failure. 
516 User indicated character set failure. 
524 User indicated 80x25 mode failure. 
532 User indicated 40x25 mode failure. 
540 User indicated 320x200 graphics mode failure. 
548 User indicated 640x200 graphics mode failure. 

24xx Enhanced Graphics Adapter (EGA) errors 

24xx PS/2 System board Video Graphics Array (VGA) 


errors 


39xx Professional graphics controller errors 

74xx IBM PS/2 Display adapter (VGA card) errors 

The Hard Disk Drive 
Problems with the hard disk are indicated by 17xx errors. If you 
suspect any problems with the drive, controller, or cable, you can 
substitute equipment that you know works properly for these items. 

Check for proper configuration of drives (drive-select jumpers and 
terminating resistors). Turn off the power. Power on and boot the 
advanced diagnostics (or a similar program). Run the fixed disk drive 
and adapter tests. Error codes indicating various problems are 
displayed as follnws: 

Code Description 

17xx Fixed disk errors 
1701 Fixed disk POST error. 
1702 Fixed disk adapter error. 
1703 Fixed disk drive error. 
1704 Fixed disk adapter or drive error. 
1780 Fixed disk 0 failure. 
1781 Fixed disk 1 failure. 
1782 Fixed disk controller failure. 
1790 Fixed disk 0 error. 
1791 Fixed disk 1 error. 

104xx PS/2 ESDI Fixed disk errors 
10480 PS/2 ESDI Fixed disk 0 failure. 
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Code Description 

10481 PS/2 ESDI Fixed disk 1 failure. 
10482 PS/2 ESDI Fixed disk controller failure. 
10483 PS/2 ESDI Fixed disk controller failure. 
10490 PS/2 ESDI Fixed disk 0 error. 
10491 PS/2 ESDI Fixed disk 1 error. 

Check the cables to make sure that they aren't defective and 
measure voltages at the drive power connector as follows: 

Hard Disk Response 

+ Lead Power 4 +4.8 to 5.2 Vdc 

- Lead Power 5 

+ Lead Power 1 + 11.5 to 12.6 Vdc 

- Lead Power 3 


If any of your voltages' measurements are outside of these 
boundaries, the power supply is defective. Error codes can indicate a 
variety of problems (see the Appendix for an extensive list of error 
codes). 

The Floppy Disk Drive 
If you suspect that the floppy drives are defective, make sure that 
the problem isn't with the disk being used. If the drive receives 
power separately from the computer, make sure that nothing is 
wrong with the outlet. Be sure that all cables and connectors are 
plugged in correctly. Check to see that all drives are configured 
properly (drive-select jumpers, terminating resistors, pin 34, and 
media sensor) and then run the advanced diagnostics disk drive and 
adapter tests. Error codes are displayed as follows: 

Code Description 

6xx Floppy drive/adapter errors 
601 Floppy drive/adapter Power On Self Test failure. 
602 Drive test failure; disk boot record is not valid. 
606 Disk change line function failure; drive error. 
607 Disk is write protected; drive error. 
608 Bad command; drive error. 
610 Disk initialization failure; track 0 bad. 
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Code Description 

611 Time-out; drive error. 
612 Bad Controller chip. 
613 Bad Direct Memory Access; drive error. 
614 Bad Direct Memory Access; boundary overrun. 
615 Bad index timing; drive error. 
616 Drive speed error. 
621 Bad seek; drive error. 
622 Bad Cyclic Redundancy Check; drive error. 
623 Record not found; drive error. 
624 Bad address mark; drive error. 
625 Bad Controller chip; seek error. 
626 Disk data compare error. 

73xx 3.5" external diskette drive errors 
7306 Disk change line function failure; drive error. 
7307 Disk is write protected; drive error. 
7308 Bad command; drive error. 
7310 Disk initialization failure; track 0 bad. 
7311 Time-out; drive error. 
7312 Bad Controller chip. 
7313 Bad Direct Memory Access; drive error. 
7314 Bad Direct Memory Access; boundary overrun. 
7315 Bad index timing; drive error. 
7316 Drive speed error. 
7321 Bad seek; drive error. 
7322 Bad Cyclic Redundancy Check; drive error. 
7323 Record not found; drive error. 
7324 Bad address mark; drive error. 
7325 Bad Controller chip; seek error. 

Check the voltages at the power connector on drive A as follows: 

Drive A Power Connector 
Voltages Pins 


Minimum Maximum - Lead +Lead 


+4.8 +5.2 2 4 
+11.5 + 12.6 3 1 

Test the drive for correct rotational speed and adjust the speed if 
the drive allows a speed adjustment. Make sure that the cable and 
connectors are good and check the cable for continuity. If the power 



578 Upgrading and Repairing PCs 

connector voltages don't measure as they should, the power supply 
may be bad. 

The Serial and Para"el Ports 
To test any serial or parallel port cards, run the advanced 
diagnostics communications adapter tests. Error codes are displayed 
as follows: 

Code Description 

9xx Parallel printer adapter errors 

901 Parallel printer adapter test failure. 


10xx Alternate parallel printer adapter errors 

1001 Alternate parallel printer adapter test failure. 


llxx Asynchronous communications adapter errors 

llxx PS/2 System board async port errors 

1101 Asynchronous communications adapter test failure. 

1102 PS/2 System board async port or serial device error. 

1106 PS/2 System' board async port or serial device error. 

1107 PS/2 System board async port or serial cable error. 

1108 PS/2 System board async port or serial device error. 

1109 PS/2 System board async port or serial device error. 

1112 PS/2 System board async port error. 

1118 PS/2 System board async port error. 

1119 PS/2 System board async port error. 


12xx Alternate asynchronous communications adapter errors 
12xx PS/2 Dual async adapter error 
1201 Alternate asynchronous communications adapter test 

failure. 

1202 PS/2 Dual async adapter or serial device error. 

1206 PS/2 Dual async adapter or serial device error. 

1207 PS/2 Dual async adapter or serial cable error. 

1208 PS/2 Dual async adapter or serial device error. 

1209 PS/2 Dual async adapter or serial device error. 

1212 PS/2 Dual async adapter or system board error. 

1218 PS/2 Dual async adapter or system board error. 

1219 PS/2 Dual async adapter or system board error. 

1227 PS/2 Dual async adapter or system board error. 

1233 PS/2 Dual async adapter or system board error. 

1234 PS/2 Dual async adapter or system board error. 
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For serial ports only, check for a voltage reading of -10.8 to -12.9 
vdc between pins 4 and 8 (ground) and the system board power 
connector. If the voltage measurement isn't within the range 
specified, the power supply may be defective. 

The Speaker 
To verify the operation of the speaker in the system unit, turn off 
the power. Set your meter to Ohms Xl Scale. Disconnect the speaker 
from the system board. Check the continuity of the speaker. If the 
speaker doesn't have continuity, it is defective and should be 
replaced. 

Examining Some Common 
Failures 
Of all possible problems that can occur with a computer, some are 
more common than others. This section reviews some of the 
computer's most common failures. 

High Failure Rate Items 
The most common failures in a PC are mechanical- disk drives 
(floppy and hard disk) and power supplies. These items can and do 
fail, sometimes with no warning. Memory devices also fail 
periodically. 

The power supply is an extremely failure-prone item, especially in 
the mM PC in which an underrated unit was used. I usually replace 
the PC power supply when I upgrade a PC because most upgrades 
(such as hard disks) use much power-more than is available in the 
original supply. Having too much power supply is better than not 
enough. 

These are the system components most likely to fail: 

• Power supply 

• Hard disk low-level format 
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• Floppy drive 

• Hard disk controller 

• Hard disk 

• Memory chips 

Disk Drive Failure 
Only two disk problems can be fixed quickly: the drive speed and 
dirty drives. 

If you have other problems with a disk drive, you probably will have 
to replace the drive with a new or rebuilt unit. Because disk drives 
are relatively inexpensive, spending much time trying to fix them 
doesn't make sense. 

Adjusting the speed of a disk drive is easy. You usually can do this 
with one of the many floppy disk testing programs available. 

If you have many drives to be repaired or aligned, you should locate 
a service company that specializes in disk drive service and 
alignments. Most f?ervice companies will align a floppy drive for $25 
to $50. This cost must be weighed against th,e replacement cost. I 
have purchased new half-height 360K drives for as low as $39 each, 
so I'm not sure that I would spend $50 to align an old drive. If you 
want to have your drives aligned, see the Appendix for a list of 
companies that perform this service. 

Cleaning disk drives is normally part of a preventive-maintenance 
program, but it may have been neglected. Always remember to clean 
a problem drive. Some of the disk-based cleaners are abrasive to the 
drive heads, so always use the "wet" types of cleaners because they 
are gentler on the heads. 

Spare Parts 
I recommend carrying spares of the following items: 

• Cables of all types 

• Power supplies 

• Memory chips 
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• Disk drives 

• Floppy drive controllers 

If the system is very important and must be up all the time, you 
should add a few more items to the spares list: 

• Hard disk drives and controllers 

• Keyboards 

With these items on hand, you are prepared for 90 percent of all 
system failures and problems. 

Using last-Ditch Fixes 
When all else fails when you are troubleshooting a particular 
problem, a fool-proof method exists for diagnosing the problem. 

Locate a system identical to the failing one. The closer the match, 
the better. The duplicate system should be the same type from the 
same manufacturer. And, if possible, it should have the same 
adapter boards installed and be configured exactly the same way. 

Verify that the duplicate system runs correctly and does not exhibit 
the symptoms of the failing unit. Begin placing items from the spare 
unit into the malfunctioning unit one by one and test after replacing 
each item. First replace each cable, for example, using the spare 
system's cables. Progress to each adapter card, disk drive, power 
supply, motherboard, and so on. 

You will know when you have found the problem part when the 
malfunctioning unit begins to work. 

Fortunately, this drastic measure is rarely required, but in a pinch, it 
does work. This method requires little thought, and it's a method 
that anyone can use. Keep it in mind when you are under pressure 
to fix a system. 
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;Chapter Summary 
This chapter has covered hardware troubleshooting techniques in 
detail. You received some basic tips for good troubleshooting. The 
body of this chapter covered specific component troubleshooting in 
detail, giving you the procedures, measurements, and observations 
to make to determine the location of a system fault. The last part of 
this chapter focused on failure-prone items and how to handle some 
troublesome situations. 



Software 
Troubleshooting 

Guide 

. focus of this chapter is the range of problems that occur 
.. because of faulty or incompatible software. First, you will learn 

about DOS, both its structure and how it works with hardware to 
result in a functioning system. Of particular interest is the discussion 
of the DOS file structure and how DOS organizes information on a 
disk. Programs that DOS offers for data and disk recovery also are 
covered. These programs present both capabilities and dangers. 
Finally, the chapter examines resident software and the problems it 
can cause, and shows you how to distinguish a software problem 
from a hardware problem. 

Understanding the Disk 
Operating System (DOS) 
Information about DOS may seem out of place in a book on hardware 
upgrade and repair, but if you totally ignore DOS and other software 
when you troubleshoot a system, you miss a number of problems. 
The best system troubleshooters and diagnosticians are those who 
know the entire system, including both hardware and software. 

583 
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Because this book cannot go into depth concerning DOS, you should 
read more about it. Que Corporation publishes some good books on 
the subject (Using PC DOS and MS-DOS User's Guide). 

This section of the chapter covers some of the basics of what DOS 
is, where it fits into the system architecture, and what components 
comprise it. A discussion of what happens in a system when it 
"boots" or starts up is also included. An understanding of booting 
can be helpful when you're diagnosing start-up problems. This 
section also explains DOS configuration, a place where many people 
experience problems, and covers the file formats DOS uses, as well 
as how DOS manages information on a disk. 

Operating System Basics 
One of the first things to understand about DOS is where and how it 
fits into the total system architecture. In PC systems, a distinct 
hierarchy of software exists that controls the system at all times. 
Even when you are operating within an applications program such 
as 1-2-3 or another high-level applications program, several other 
layers of program always are executing underneath. Generally, the 
layers can be defined distinctly, but at times the boundaries are 
more vague. Also, communication between separate adjoining layers 
usually is occurring, but this is not a rule and many programs may 
ignore the services provided by the layer directly beneath it. These 
programs instead choose to "eliminate the middleman" and skip one 
or more layers to get the job done directly. 

At the very lowest level exists the machine itself. If you examine the 
system at this level, you find that by placing various bytes of 
information at certain ports or locations within the memory structure 
of the machine, you can control virtually anything that is connected 
to the CPU. Control at this level is difficult to maintain, and it 
requires a complete and accurate knowledge of the actual system 
architecture. The fullest level of detailed knowledge of the software 
that operates at this level is required for this kind of control. 
Commands to the machine here are in machine language (basically 
binary groups of information applied directly to the microprocessor 
itself). These instructions are quite limited in their function, and 
many of them may be required to perform even the smallest amount 
of useful work. The large number of instructions required is not 
really a problem, however, because these instructions are executed 
extremely rapidly, and there is little wasted overhead. 
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Although programmers can write these instructions directly, they 
generally use a tool known as an assembler to ease the process. An 
editor is used to actually type the program into a file, which is then 
converted to pure machine language by the assembler. Assembler 
commands still are low level and require a great deal of knowledge 
on the part of the programmer for effective use. Because few 
programmers, if any, write in machine code directly anymore, 
assembly language is the lowest level of programming environment 
typically used today. But even assembly language is losing favor 
among programmers because of the amount of knowledge and work 
required and the programs' lack of portability between different 
systems. 

When PC systems are started, a series of machine code programs 
assume control; they are the ROM BIOS. These programs are always 
present in the system and communicate (in machine code) with the 
hardware. The BIOS accepts or interprets commands supplied by 
programs above it and translates these commands to machine code 
commands that are then passed on to the microprocessor. These 
commands typically are called services. A programmer generally can 
use almost any language to supply these instructions to the BIOS. A 
complete list of these services is supplied by IBM in the technical 
reference manuals that are offered separately for each of the PC 
systems. 

DOS is made up of several components. DOS attaches itself to the 
BIOS, and part of DOS actually becomes an extension of the BIOS 
itself, providing more interrupts and services for other programs to 
use. DOS provides for communications with the ROM BIOS in the 
PC, as well as for communications with higher level software, such 
as the applications software with which computer users are familiar. 
DOS gives the programmer a nice toolbox of services to use in 
programs. These DOS services prevent "reinventing of the wheel" as 
far as programming routines are concerned. DOS provides a rich set 
of file handling functions that can, for example, open, close, find, 
delete, create, and rename files on a drive. A programmer who 
wants to include some of these functions in his program can rely on 
DOS to do most of the work. Also, one of the primary functions of 
DOS is actually to load and run other programs. DOS provides the 
functions and environment required for running other software. DOS 
Programmer's Reference, published by Que, provides details for 
anyone interested in further information. 
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DOS Components 
DOS consists of two main components: the inputloutput (1/0) system 
and the shell. The I/O system consists of the underlying programs 
that reside in memory while the system is running and are loaded 
first when DOS boots. The 110 system is stored in two files that are 
hidden on the disk. The files are called IBMBIO.COM and 
IBMDOS.COM on an IBM DOS disk. MS-DOS generic versions have 
IO.SYS and BIO.SYS files. 

The shell is stored in the file COMMAND.COM, which also is loaded 
during a normal DOS boot-up. The shell is the portion of DOS that 
gives you the DOS prompt and that normally communicates with the 
user of the system. 

This section examines these portions of DOS in more detail so that 
you will be able to properly identify and handle problems with DOS 
rather than blame the hardware. 

The liD System 

This section briefly describes the two files that make up the 1/0 
system: IBMBIO.COM and IBMDOS.COM. 

IBMBIO.COM 

The file IBMBIO.COM is one of the hidden files that the CHKDSK 
command reports on any DOS system (or bootable) disk. This file 
contains the low-level programs that interact directly with hardware 
devices on the system and the motherboard ROM BIOS. This file is 
loaded into memory at boot-up and remains there during system 
operation. 

IBMOOS.COM 

The file IBMDOS.COM is the core of the DOS file and disk handling 
system. This file is hidden and is found only on system disks. 
IBMDOS.COM is loaded at system start-up and remains in memory 
during normal system operation. 

http:IBMDOS.COM
http:IBMDOS.COM
http:IBMOOS.COM
http:IBMBIO.COM
http:IBMBIO.COM
http:IBMDOS.COM
http:IBMBIO.COM
http:COMMAND.COM
http:IBMDOS.COM
http:IBMBIO.COM
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The Shell (Command Processor) 

The DOS command processor is called COMMAND.COM. This 
program is the portion of DOS with which the user interacts. The 
function of COMMAND.COM is to be the user interface as well as a 
program loader. COMMAND.COM manages two types of commands 
(programs): resident programs and transient programs. 

Resident programs are built into COMMAND.COM and are available 
at any time during system operation while you're at the DOS 
prompt. These commands usually are the simpler ones that are 
frequently used, such as CLS, DIR, and COPY, to name a few. These 
commands execute rapidly because the instructions for them are 
already loaded into memory. They are said to be memory resident. 
When looking up the definition of a particular command in the DOS 
manual, you see an indication of whether the particular command is 
resident or transient (normally indicated as internal or external, 
respectively). This information allows you to determine what is 
required for executing the particular command. A simple rule is that 
at a DOS prompt, all resident commands are instantly available for 
execution. 

Transient programs often are also called utilities. These commands 
are not resident in memory and the instructions to execute the 
command must be located on a disk. The instructions are loaded into 
memory only for execution and then are overwritten after use, which 
is the reason that they are called transient commands. Examples of 
transient commands are FORMAT, DISKCOPY, and CHKDSK. The 
majority of DOS commands are transient; otherwise the memory 
requirements for DOS would be astronomical. Transient commands 
are less frequently used than the resident commands and take 
longer to execute because they must be found and loaded before 
they can be run. 

DOS Start-Up Sequence 
The term boot comes from the expression "pulling himself up by his 
bootstraps" and describes the method by which PCs become 
operational. What it really means is that a chain of events begins 
with the application of power and finally results in an operating 
computer. Each event is called up by the event before it and 
initiates the event after it. If you have a problem with your system 

http:COMMAND.COM
http:COMMAND.COM
http:COMMAND.COM
http:COMMAND.COM
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during start-up and you can determine where in this sequence of 
events your system has stalled, then you know which events have 
occurred and you can probably eliminate them as a cause of the 
problem. The following are the steps in a system start-up: 

1. 	 You apply power to the system by turning on the switch. 

2. 	 The power supply performs a self-test, and when all voltages 
and current levels are acceptable, it sends the power good 
signal to the motherboard, which indicates stable power. 

3. 	 The 8284 timer chip receives the power good signal, which 
causes the timer chip to stop generating a reset signal for the 
processor. 

4. 	 The processor begins executing the instructions found at 

memory location FFFF:OOOO. This location contains a jump 

instruction to the actual BIOS start location. 


5. 	 The ROM BIOS is started and checks a flag at the locations 
0000:0472 and 0000:0473 to see if this is a cold or warm start. 
Values of 34h and 12h, respectively, in these locations indicate 
a warm start, which causes most of the POST (power-on self 
test) to be skipped. Any other values in these locations 
indicate a cold start and full POST. 

6. 	 The POST is begun, which tests all major system components 
and memory. Audio and displayed error messages indicate 
various problems. This step is skipped if this was a warm 
start. 

7. 	 BIOS performs a ROM scan, looking for ROM programs 
contained on adapter cards in the slots. The locations for the 
scan vary among different systems. Locations COOO:OOOO 
through C780: 0000 are scanned for a video adapter ROM BIOS. 
If a ROM is found, it is tested and initialized. The locations 
C800:0000 through DF80:0000 are scanned for any other ROMs. 
If others are found, they are tested and initialized. These 
adapter ROMs can alter existing BIOS routines and establish 
new ones. 

8. 	 The BIOS then searches for a boot record on track 0 sector 1 
on drive A. If found, this sector is loaded and the program is 
executed. If the sector cannot be read, the BIOS continues to 
the next step. 
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9. 	 The BIOS then looks for a master boot record on track 0 sector 
1 of the first fixed disk. If found, this sector is loaded and the 
program is executed. This master boot record loads the boot 
record from the active partition and executes it. Problems here 
cause various error messages to be displayed, or the BIOS 
transfers control to Cassette BASIC and the boot process ends. 

10. 	 The Boot Record (now in control) loads IBMBIO.COM and 

IBMDOS.COM. Control is then given to IBMBIO.COM. 


11. 	 IBMBIO.COM (now in control) uses IBMDOS.COM to read 
CONFIG.SYS. The statements in CONFIG.SYS are used to 
establish a configuration, then any listed device drivers are 
loaded, and finally, any listed installable programs are loaded. 

12. 	 IBMBIO.COM uses IBMDOS.COM to load COMMAND.COM and 
passes control to COMMAND.COM. 

13. 	 COMMAND.COM loads and runs AUTOEXEC.BAT. 

14. 	 After AUTOEXEC.BAT finishes, the DOS prompt appears. 

Some minor variations on this scenario are possible, such as those 
introduced by other ROM programs found in the various adapters 
that may be plugged into a slot. Generally, however, the computer 
follows this chain of events in coming to life. 

Configuring DOS with Configuration 
File Commands 
Right out of the box, DOS is configured with system defaults. In 
order to allow you to get the most out of it, however, DOS contains 
commands that allow you to reconfigure the system defaults for your 
specific computer setup. The following paragraphs explain these 
commands. 

When you start DOS, either by pressing Ctrl-Alt-Del or by turning on 
the computer's power, DOS searches the root directory of the drive 
from which it was started for a file named CONFIG.SYS. If this file is 
found, DOS reads the statements it contains. The CONFIG.SYS file is 
an ASCII file that contains special configuration statements that help 
tailor the way DOS is configured. If you don't have a CONFIG.SYS 
file, or a particular configuration statement is not included, then DOS 
uses predetermined default values for the configurable items. 

http:COMMAND.COM
http:COMMAND.COM
http:COMMAND.COM
http:IBMDOS.COM
http:IBMBIO.COM
http:IBMDOS.COM
http:IBMBIO.COM
http:IBMBIO.COM
http:IBMDOS.COM
http:IBMBIO.COM
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The DOS internal configuration commands available are the 
following: 

BREAK = ONIOFF 

The BREAK command controls the status of DOS Ctrl-Break 
checking. The default value is OFF, which causes DOS to check for 
entry of Ctrl-Break only when an I/O operation is being performed. 
The value ON causes DOS to check for Ctrl-Break whenever any DOS 
operation is performed. Leaving this value OFF is probably better 
because it adds to system overhead, and may allow DOS to be 
interrupted at inopportune moments. 

BUFFERS = xx 

By definition, xx is a number from 1 to 99 that specifies the number 
of disk buffers DOS allocates in memory at start-up time. The default 
is 2; but for the Personal Computer AT, the default is 3. This value 
should be increased to increase the efficiency of applications that 
perform random-access disk I/O. Such a change uses 528 bytes of 
memory for each buffer over the default of 2 or 3. 

In any computer, read/write requests to disks can occur randomly, 
especially in a network server (the location of a network's large hard 
disk). Disk buffering improves overall performance for any computer 
in which random access occurs. Recommended minimum values for 
this parameter are the following: 

10 PC with floppy disks only 
20 PC XT (or any PCs with hard disks) 
30 PC AT 

These values are only recommendations, and they are conservative 
because disk buffering requires memory. If you have memory 
available, you can specify larger numbers for greater performance, 
but little performance improvement occurs above about 50 or so. 
Experiment with the number of buffers used on your system to find 
out what amount gives you the greatest benefit and least memory 
usage. 

COUNTRY = xxx 

By definition, xxx is a 3-digit international country code that defines 
the date and time formats used by the system, in addition to the 
currency symbol and the decimal separator. The default is 001 for 
the United States. 

DEVICE = [d:][path]filename[.ext] 
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This command specifies the name of an installable device driver to 
be loaded into memory at system start-up. These drivers are DOS­
resident programs that emulate hardware devices. The DOS device 
driver ANSI.SYS provides Enhanced Keyboard and display 
capabilities, and VDISKSYS creates an electronic disk of variable 
size. 

FCBS = m,n 

The FCBS command is used to specify the number of file control 
blocks (FCBs) that can be open concurrently. The parameter m is the 
total number of files that can be open at one time. The default value 
is 4 (16 when the PC LAN program is started); the range is 1 to 255. 
The parameter n is the number of files opened by FCBS that cannot 
be closed automatically by DOS if a program tries to have more than 
m files opened by FCBs at anyone time. The first n open files are 
protected from being closed. The. default value is 0 (8 when the PC 
LAN program is started); the range is 0 to 255. The value of m must 
be greater than the value of n. 

The FCBS command is valid only when file sharing is loaded. Some 
applications programs use file control blocks to create, open, delete, 
read, and write to files. DOS keeps track of the least recently used 
FCB. If the program tries to open more than m files, the action DOS 
takes depends on whether file sharing is loaded. 

On a server configuration (file sharing), when a program tries to 
open more than m files, DOS closes the least recently used FCB and 
opens the new file. Note that the first n files are not included in the 
list of files that DOS tracks for the least recently used FCB. This 
prevents the closing of the first n files. If a program tries to read or 
write to a file that has been closed because it is the least recently 
used FCB, DOS issues the message FeB not available. 

FILES = XXX 

The FILES command is used to indicate the maximum number of 
files and handles on your disks or directories that can be open at 
one time. The parameter xxx indicates the number of files and 
handles that can be opened, from 8 to 255 (default is 8). If you 
exceed the value of xxx, you receive an error. The size of DOS 
increases by 48 bytes for each additional file specified over the 
default of 8. 

This value is the maximum number of handles allowed for the entire 
system. This number includes handles in use by currently running 
foreground tasks and background tasks such as DOS PRINT and the 
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network. The maximum number of file handles that a process can 
have open is 20. This number includes 5 used by DOS for standard 
input, standard output, standard error, auxiliary, and standard 
printer. The limit for the entire system is specified by FILES, 
although each process can only use 20. For this reason, on a single­
user system, usually setting the value higher that 20 is of little or no 
benefit because COMMAND.COM itself is a process. 

On a network server computer (multiuser), you should increase the 
value for FILES. The value specified for FILES must be large enough 
to provide for the programs run on the server as well as for the 
programs on the network using the server. 

LASTDRIVE = d 

The LASTDRIVE command is used to indicate the maximum number 
of virtual and real drives that you can use at one time. The 
parameter d is any alphabetic character from A to Z that represents 
the last valid drive letter that DOS may accept. The default is E, or 
five total drives. 

You can use a drive specifier (A:) to refer to physical drives that you 
have on your computer and also to refer to virtual drives that you do 
not have on your computer. You may refer to an electronic drive as 
your drive D, for example, even though you don't have a real drive D 
on your computer. The electronic drive is called a virtual drive. 
Network drives and directories also are referenced by a drive letter 
that is a virtual drive. 

SHELL = [d:][path]filename[.ext] [d:[pathll [/P][/D][/F][/E:xxxxx] 

This command specifies the name and location of the initial copy of 
the top-level command processor that DOS loads in place of 
COMMAND.COM, and the drive and path from which it is to be 
reloaded. IP indicates that the substitution is to be permanent. This 
is required to prevent the top-level executing COMMAND.COM from 
being terminated with the EXIT command. ID indicates that 
AUTOEXEC.BAT is not to be executed upon system initialization. IF 
causes DOS to skip the response to the Abort, Retry, Ignore question 
in the system default INT 24h handler. IE:xxxxx is a decimal number 
that sets the size of the DOS environment area to xxxxx bytes. The 
default size is 160, and it may range from 160 to 32,768. The size is 
automatically rounded up to the nearest paragraph boundary (1 
paragraph = 160 bytes). 

http:COMMAND.COM
http:COMMAND.COM
http:COMMAND.COM
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DOS Disk Formats 
Since DOS 1.0 debuted, the number of floppy disk formats supported 
by DOS has been on the increase. Fortunately, a newer version of 
DOS can always read and write the earlier versions' disks. The 
following is a list of all the formats currently supported (floppies are 
in order by capacity): 

160K, 5 1/4-inch, single-sided, 40 tracks, 8 sectors per track. 

This format was used by the original DOS 1.0 and 1.1 only. 


180K, 5 1/4-inch, single-sided, 40 tracks, 9 sectors per track. 

This format is used by DOS 2.0 or later. 


320K, 5 1/4-inch, double-sided, 40 tracks, 8 sectors per track. 

This format was used by DOS 1.1 only. 


360K, 5 1/4-inch, double-sided, 40 tracks, 9 sectors per track. 

This format is the standard used by DOS 2.0 and later. 


720K, 3 112-inch, double-sided, 80 tracks, 9 sectors per track. 
This format is used by the 3 112-inch drive found in the PC 
Convertible and the PS/2 Models 25 and 30. 

1.2M, 5 l/4-inch, double-sided, 80 tracks, 15 sectors per track. 

This format is used by the AT high-density floppy drive. 


1.44M, 3 1/2-inch, double-sided, 80 tracks, 18 sectors per track. 

This format is used by the 3 112-inch drive found in the 

PS/2 Models 30-286, 50, 60, 70, and 80. 


DOS File Management 
Disk file management is carried out by DOS with a combination of 
facilities. These facilities differ slightly between floppies and hard 
disks, and also between disks of different sizes. 

To manage the disk physically, DOS uses the following several 
components: 

Tracks. Tracks are concentric rings which data can be written. 

Disks usually have 40 or 80 tracks on each side, whereas 

hard disks can have from a hundred to several thousand 

tracks. 
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Cylinders. Cylinders are the tracks in a line through all the 
sides or platters of a disk. Double-sided floppies have 
cylinders that are made up of two tracks (one on each 
side), whereas hard disks can have up to 15 tracks for 
each cylinder (one track on each side of a platter times the 
number of platters in the hard disk). A cylinder represents 
the maximum amount of data that can be read without 
moving the heads. To maximize performance, DOS uses 
each track of a cylinder consecutively before moving the 
heads to a new cylinder. 

Sectors. Sectors are slices of a track. Floppy formats use 
between 8 and 18 sectors per track, whereas hard disks 
usually use 17 or 26 sectors per track. Sectors created by 
standard DOS have always been 512 bytes, but this may 
change in the future. Sectors on a track are usually 
numbered sequentially on floppies, but on hard disks they 
often are interleaved at some preset value. This interleave 
is required because the disk spins so fast that the machine 
is not ready to read the very next physical sector, and 
instead the desired sector is spaced several sectors away. 
The number of sectors between logically ordered sectors is 
the interleave value. The interleave also represents the 
number of revolutions the disk must make for a complete 
track read. This is true unless the interleave is too low for 
the hardware to handle; then the revolution count is 
exactly the same as the number of sectors on each track. 

To manage the files and data on a disk, DOS uses the following 
several items: 

Boot Sector. The boot sector is the first sector on the disk (also 
called the boot record). This special sector contains a 
program that is loaded by the machine's ROM BIOS. This 
program is given control and attempts to load the first DOS 
system file (IBMBIO.COM). This sector is transparent to a 
running DOS system; it cannot be seen or accessed in any 
normal fashion. It is created by the FORMAT command. 
Hard disks have a master boot sector with a partition table 
instead of the standard boot sector, and the first sector of 
each partition is the equivalent of the standard boot 
sector. 

Partition Table. The partition table is found on hard disks only 
and allows a single hard disk to be shared by several (up 

http:IBMBIO.COM
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to four) operating systems at one time. This capability is 
accomplished with the use of the FDISK program to 
partition the disk, which creates the partition table. This 
table is also called the master boot sector because it is the 
first boot sector for a hard disk. The first sector of each 
partition is the boot sector. 

File Allocation Table. The file allocation table is a table of 
entries describing how each cluster is allocated on the 
disk. Each cluster on the disk has an entry. The entries in 
a 16-bit file allocation table may be any of the following: 

0000 Cluster is unused and available 
FFFO - FFF6 Reserved cluster (not available) 
FFF7 Bad cluster (not available) 
FFF8 - FFFF Last cluster in a particular file 
xxxx Any other value indicates that this cluster 

is in use by a file; the actual value 
indicates the next sector occupied by 
this file. 

On disks with greater than 20,740 sectors, DOS FORMAT 
creates a 16-bit file allocation table; otherwise DOS creates a 
12-bit file allocation table. DOS keeps two copies of the file 
allocation table; however, DOS does not use the second copy. 
The usefulness of the second copy of the file allocation table 
is limited to manual repair. 

Cluster. A cluster is equal to one or more sectors. Some floppies 
do maintain a "one sector equals one cluster" format, but 
with larger disks, such as hard disks, this would present a 
management overhead problem for DOS. Hard disks with 
greater than 20,740 total sectors get four sectors per 
cluster (2K clusters), whereas others generally get eight 
sectors per cluster (4K clusters). With nonstandard driver 
software, changing these values is possible. 

Root Directory. The root directory is stored on the disk 
immediately after the file allocation tables. The root 
directory varies in size depending on the type of disk and 
its capacity. The root directory is a fixed length and cannot 
be changed. A 32M DOS partition has a root directory of 
512 entries. Subdirectories are stored as files, and they 
have no such length limits. A directory entry is 32 bytes 
long, and the bytes contain specific information, such as 
the following: 
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Bytes Contains 

0-7 File name 
8-10 Extension 
11 Attribute 
12-21 Reserved 
22-23 Time of creation 
24-25 Date of creation 
26-27 Starting cluster 
28-31 Size in bytes 

Data Area. These clusters are the ones that store file data on 
the disk. This area is managed by the directories and file 
allocation table. 

Known Bugs in DOS 
Few things are more frustrating than finding out that software you 
depend on every day has some bugs and problems. But this is the 
case even with DOS. Every version of DOS ever produced has had 
bugs and problems, and you must simply expect them as a fact of 
life. Some of the problems are never actually resolved; you must live 
with them. 

Sometimes the problems are severe enough, however, that IBM (and 
Microsoft) issues a patch disk that corrects the problems. You should 
keep in touch with your dealer to find out about these patches. 
Neither IBM nor your dealer will call to tell you about the patch disk. 
You should check in periodically to see whether any patch disks are 
available. Part of the job of being an IBM dealer is to distribute 
these patch disks and fixes to customers at the customer's request. 
Also, these patches are to be provided free of charge. You do not 
need to go back to the dealer where you purchased your DOS; any 
dealer must provide the patches for free. If a dealer does not know 
about these patches or does not provide the patches for any reason, 
whether or not you have ever bought anything there, you should 
contact another dealer for the patch disk. DOS is a warranted 
product and these patches are part of that warranty service. 

The following information is provided by IBM in the patches for DOS 
3.3 and 4.0. Both versions have official patch disks produced by IBM 
that are available at no cost from your nearest IBM dealer. 
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DOS 3.3 Patches and Fixes 

The official patches and fixes from IBM for DOS 3.3 were issued 
from IBM's National Support Center on October 9, 1987. This disk 
fixes a number of problems with DOS 3.3. PS/2 systems and DOS 3.3 
particularly had some problems. A special driver was provided to fix 
these problems. All these problems have been corrected in DOS 4.0, 
and the driver is not needed when you're using that version. The 
following problems were noted: 

• 	 Backup would not work properly when backing up a 
large number of subdirectories in a given directory. A new 
program called I17.COM resolves problems with slow serial 
printers that have small input buffers. Under some 
conditions, DOS displays a false "Out of paper" error when 
attempting to print. 

Special problems occurred in the interaction of DOS 3.3 and the ROM 
BIOS of IBM PS/2 Models 50, 60, and 80. A special device driver 
called DASDDRVR.SYS is provided to fix these problems. 
DASDDRVR.SYS (Version 1.2) is a 698-byte file. This file fixes several 
problems with DOS 3.3 and the following PS/2 models: 

8550-021 

8560-041 

8560-071 

8580-041 

8580-071 


The problems are as follows: 

• 	 Intermittent read failures on 720K original applications 
software floppy disks on Models 50, 60, and 80 PS/2 systems. 
You may see Not Ready Error Reading Drive A when attempting 
to install an application. Attempts to perform DIR or COPY 
commands from the disk also produce the error message. 

• 	 Highly intermittent problems with either a floppy drive Not 

Ready Error Reading Drive A or a hard disk General Failure 

message. This problem may be aggravated by certain 

programming practices that mask off interrupts for long 

periods of time. This update ensures that interrupts are 

unmasked on each hard disk or floppy disk request. 


• 	 FORMAT fails on multiple 3 1/2-inch disks. The failure 

appears as a Track 0 bad or invalid media message when a 
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user replies yes to the prompt Format another (YIN)? after the 
first format is complete. The failure message appears when 
you're attempting to format the second disk. If the system is 
booted from disk, the format problem does not occur. 

• 	 301 (keyboard) and 8602 (mouse) POST error messages. 
When power is interrupted or switched on and off quickly on 
a PS/2, a 301 and 8602 error may be posted. 

• 	 162 (CMOS checksum/configuration) or 163 (Clock not 
updating) errors, and various other time-of-day problems. One 
example of a time-of-day problem is turning on the system in 
the morning and finding the time set at when the system 
was turned off the day before. 

DOS 4.0 Patches and Fixes 

A set of patches also is available for DOS 4.0. These patches are 
automatically included on disks marked "DOS 4.01." You need to 
look at the small print on the original disk to find out whether your 
DOS is the 4.01 version. If you use the DOS VER command, it always 
reports 4.00 instead and gives you no indication of whether you 
have the patches or not. The patch disk is known officially as 
Program Temporary Fix (PTF) UR22624 at IBM, and you may use this 
number when contacting your dealer or IBM for your free patch disk. 
This patch was made available on August 15, 1988. 

These patches comprise two 3 112-inch disks or three 5 l/4-inch 
disks. Be sure to get the patches on the type of disk that your 
machine can boot from, because you install the patches by booting 
from the first disk. 

The following is a list of some of the new files and a description of 
the problems they fix. These files are provided with either the PTF 
patch disk or the DOS 4.01 version. 

New File 	 Fix 

IBMBIO 	 Using INT 2FH for INT 67H causes the system 
to hang up (stop). 

IBMDOS 	 Using "BUFFERS=XX /X" in CONFIG.SYS 

would not work correctly. 


IBMDOS 	 Copying large files across a network would 

not work correctly. 
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New File 

APPEND 

MODE 

MODE 

PRINT 

SELECT 

SELECT 

XMA2EMS 

XMA2EMS 

XMA2EMS 

SHELL 

SHELLC 

Fix 

The "/PATH:OFF" parameter was not working 
properly. 

The MODE command would overwrite the 
user's application. 

The MODE command would incorrectly allow 
a 19,200 baud rate on PS/2 Models 25 and 30. 

You would get a "nonexisting" file message 
the first time the PRINT command was 
invoked. 

Using CTRLlBREAK with the shell could hang 
up the system. 

The listing of printers should be reordered. 

This program would sometimes hang up the 
system if you had a Token Ring network 
adapter. 

There were problems in using DMA transfers 
to EMS. 

The PS/2 Model 502 cannot use DOS 4.00 
EMS. 

Numerous problems with the shell. 

Numerous problems with the shell. 

Using the DOS Disk and Data 
Recovery Team 
The CHKDSK, RECOVER, and DEBUG commands are the DOS 
damaged disk recovery team. They are crude and sometimes drastic 
in the actions they take, but at times they are all that is available or 
needed. RECOVER usually is known for its purpose as a data 
recovery program, and CHKDSK usually is used for innocent 
inspection of the file structure. Many users are unaware that 
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CHKDSK actually can implement repairs to a damaged file structure. 
DEBUG is a crude, manually controlled program that can be used to 
help in the case of a disk disaster, provided that you know exactly 
what you are doing. 

The CHKDSK Command 
CHKDSK.COM is a useful and straightforward program designed 
primarily to provide a memory statistics report for the PC's memory. 
CHKDSK.COM also has a minimum amount of file management 
capabilities for the magnetic media in the chosen disk drive. 

Primarily, you use CHKDSK to answer questions like the following: 

How much usable disk space is left? 
How much usable RAM is left? 
How fragmented are the disk files? 
Is the file management system intact? 

Files that are loaded into contiguous tracks and sectors of the disk 
are naturally more efficient. If they are spread over wide areas of the 
disk, access operations take longer. DOS always knows the location 
of all a file's fragments by using the pointer numbers in the file 
allocation table. These pointers are data that direct DOS to the next 
segment of the file. Sometimes, for various reasons, these pointers 
may be lost or corrupted and DOS is no longer able to locate some 
portion of a file. CHKDSK can alert you to this condition and even 
reclaim this unused file space for use by another file. 

First, try the most basic of the program's commands and examine 
the results. Make sure that the program CHKDSK.COM is available 
and then type the following at the DOS prompt: 

CHKDSK 

Note that the drive light is activated for a time, and then a message 
similar to the following appears: 

Volume MBS created Dec 29, 1985 1:11p 

33280000 bytes total disk space 

2138112 bytes in 4 hidden files 

163840 bytes in 68 directories 


http:CHKDSK.COM
http:CHKDSK.COM
http:CHKDSK.COM
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27009024 bytes in 1991 user files 

81920 bytes in bad sectors 


3887104 bytes available on disk 


655360 bytes total memory 296096 bytes free 

The line reporting the volume label only occurs if the selected disk 
previously has been given a volume name. If there are any problems 
with the integrity of the DOS file system, you also see a message 
similar to the following: 

Errors found, F parameter not specified. Corrections will not be 
written to disk. 

Further messages indicate the actual problem. Usually these 
problems are either "lost clusters" or files that are "cross-linked." 
The messages reporting each of these problems look like the 
following: 

Xlost clusters found in Ychains. Convert lost chains to files 
(YIN)? 

AAAA. XYZ is cross linked on cluster XXX 

BBBB . XYZ is cross linked on cluster XXX 


A lost cluster is a unit of storage with a pointer that says the cluster 
is in use by a file, but no directory entry claims ownership of that 
cluster. Basically, you can think of a chain of these lost clusters as a 
file fragment with no name. These fragments usually are created by 
programs that are terminated before they can finish an operation. A 
program usually writes to clusters on the disk as it saves 
information and then finishes the operation by closing the file, which 
allows DOS to create the directory entry for the file. If the program is 
terminated before any open files are closed, the lost clusters are the 
likely result. 

If you answer yes to the Convert lost chains to files question, then 
CHKDSK gives the fragment a directory entry or name. The name it 
uses is FILEOOOO.CHK, and if there are any more fragments, they are 
given the name FILEOOO1.CHK, and so on. You may then examine 
these files to see whether they contain any necessary information. If 
not, simply delete the files. If you answer no, the lost cluster 
pointers are simply zeroed to indicate that these clusters are now 
available for other files to use. 

By the way, because you did not specify the IF parameter when you 
ran CHKDSK, the program is actually prevented from making any 



602 Upgrading and Repairing PCs 

corrections to the disk. Instead, all repairs are conducted in a mock 
fashion. This is a safety feature, because sometimes you do not 
want CHKDSK to take action before you first examine and think 
about the problem at hand. After deciding on the correct course of 
action, the CHKDSK command can be repeated with the IF 
parameter (which stands for "fix"). 

Cross-linked files are a more serious problem. This message 
indicates that two or more files claim ownership of the same cluster. 
BaSically, this error is in the file allocation table pointer structure, 
which has several file fragments pointing to the same individual 
cluster on the disk. Only one file can actually own the cluster. To 
recover from this problem, make a copy of each of the files listed as 
cross-linked and then delete the original cross-linked versions from 
the disk. The delete action cleans up the file allocation table entries 
for these files by zeroing them out, and the cross-linking problem is 
now corrected. Now, examine each of the files you just copied. At 
best, only one of all the files linked together is intact and correct. 
The others contain garbage at the point where the cross-linking had 
taken place and probably need to be restored from a backup or re­
created. 

CHKDSK also can check a file or group of files for fragmentation; it 
can report just how many fragments a file has been split into on the 
disk. If you want to check all the files in a single directory for 
fragmentation, you type the following at the DOS prompt: 

CHKDSK *.* 

If the file FOO.BAR was not saved as one complete block, you see 
the following message on-screen: 

\ FOO. BAR Contains XX non-contiguous blocks. 

This message tells you that when DOS originally saved this file to 
disk, it was not able to place the entire file in one area of the disk. 
Instead, the system was forced to break up the file and place it in 
more than one area of the disk and then set up pointers to help it 
find the entire file later. Fragmentation is not a problem unless you 
have many files in this condition, or the number of fragments is 
excessive (more than 50 or so). If this is the case, you may be wise 
to format a new disk; then use the COPY *.* command to copy your 
files to the newly formatted floppy. This method saves your files in 
contiguous locations on the new floppy, thus returning them to a 
more efficient format. This method works for floppy disks, but for 
hard disks, a complete backup, reformat, and restore operation is 
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required. To make this easier, many companies have released 
"defragmenting" programs that can work "in place" on the disk and 
do not require the reformat and restore that the DOS method 
requires. Notice that the backup is still required no matter how you 
do the defragmenting. Imagine what would happen if the power 
were to go out while the unfragment program was descrambling 
your disk. Make a backup for safety. 

The CHKDSK program has two parameters that may be used when 
the program is activated. These are the IF and N parameters. The 
IF (fix) parameter allows CHKDSK to recover lost allocation units on 
the disk. The N (verbose) parameter causes CHKDSK to display the 
name of each file name as it processes the DOS file structure. 

To run the program using the IF command you type the following at 
the DOS prompt: 

CHKDSK IF 

If any lost clusters were noted, you are now given the opportunity to 
recover these units. Assume that you see the following message: 

2 lost clusters found in 1 chains. Convert lost chains to files 

(YIN) ? 


You reply with yes. Then you see the same messages as noted in 
our first use of the program. Now, after looking more closely, you 
find a new line displayed: 

XXXXX bytes in 1 recovered file 

If you now check the directory, you find that a new file has been 
added. Because there was only one bad chain, you find 
FILEOOOO.CHK. If more chains were noted in the error message, you 
would have seen a correspondingly larger number of these new files, 
listed in sequence. Now that DOS has stored this data for you, you 
may check the file to see what data it contains. If you want to retain 
this data, rename the file as necessary and go on to other tasks. If 
not, erase this file, thus reclaiming the disk space for later use. 

Remember, problems reported by CHKDSK usually are problems with 
software and not hardware. Although it is certainly possible, I have 
never seen a case where "lost clusters" or "cross-linked" files were 
caused directly by a hardware fault. The cause is a defective 
program or a program that is stopped before it can close files. A 
hardware fault certainly can stop a program before it can close files, 
and many people believe that these error messages signify some 
fault with the disk hardware. However, this is almost never the case. 
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A good practice is to run CHKDSK at least once a day on any hard 
disk system. Finding out about file structure errors as soon as 
possible is important. Whenever a program terminates abnormally, or 
the system crashes for some reason, run CHKDSK to see whether 
any file system damage has occurred. 

The RECOVER Command 
The DOS RECOVER command is designed to mark clusters as "bad" 
in the file allocation table when these clusters cannot be read 
properly. When a file cannot be read due to a problem with a sector 
on the disk going bad, the RECOVER command can mark the file 
allocation table so that those particular clusters are not used by 
another file. Essentially, they are barricaded off so that another file 
will never occupy those clusters. When used improperly, this 
program is highly dangerous to your data. 

Users have a misunderstanding of how this program operates. Many 
believe that this program is used to recover the file or the data 
within the file in question. What really happens is that only the 
portion of the file before the defect is recovered or otherwise 
remains after the RECOVER command operates on it. The defective 
portion is marked off as bad in the file allocation table, and all data 
after the defect is returned to available status. You should always 
make a copy of the file to be recovered, because the COpy command 
will be able to get all of the information, including that after the 
location of the defect. The defective portion of the information, 
however, is gibberish. 

An example might help explain how to use this command. Suppose 
that you are using a word processing program and tell it to load a 
file called DOCUMENT.TXT. The hard disk has developed a defect in 
a sector that is used by this file, and in the middle of loading it, you 
see the following message appear on the screen: 

Sector not found error reading drive C 

Abort, Retry, Ignore, Fail? 


Normally, attempt to retry by typing r. You may be able to read the 
file on a retry, so attempt this several times. If you can load the file 
by retrying, then simply save the loaded version to a file with a 
different name, and you have preserved the data in the file. You still 
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need to repair the structure of the disk so that this space is not 
going to be u~ed again. If, after 10 retries or so, you still cannot read 
the file, the data will be more difficult to recover. 

This recovery operation has two phases. The first phase is to 
preserve as much of the data in the file as possible. The second 
phase is to mark the file allocation table so that these bad sectors or 
clusters of the disk are not used again. 

For the first phase, recovering the data in the file, use the DOS 
COPY command to make a copy of the file, giving it a different 
name. For example, type the following at the C prompt: 

copy document. txt document.new 

Of course, in the middle of the copy, you see the Sector not found 
error message as before. The key to this operation is to answer with 
the Ignore option so that the bad sectors are simply ignored and 
the copy operation can continue to the end of the file. This 
procedure produces an intact copy of the file with all the file up to 
the error location as well as after the error location. The bad sectors 
themselves appear as gibberish in the new copied file, but at least 
the entire copy is completely readable. You probably need to use 
your word processor to load this new copy and remove or retype the 
garbled sectors, because they are permanently lost. Of course, if this 
file was a binary file, such as part of a program, you probably have 
to consider the whole thing a total loss, because you really do not 
have the option of "retyping" the bytes that make up a program file. 
Your only hope in this case is to have a backup of the file, which 
you should have anyway. This completes the first phase, which has 
now recovered as much of the data as is possible. Now you go on to 
the second phase, which is to mark the disk so that these areas 
cannot be used again. 

Marking the disk is accomplished by the RECOVER command itself. 
After making the attempted recovery of the data (the first phase), 
you can mark the bad sectors in the file allocation table by using the 
RECOVER command and typing the following at the C prompt: 

recover document.txt 

You see the following message: 

Press any key to begin recovery of the 

file(s) on drive C: 


XXXXX of YYYYY bytes recovered 
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The file DOCUMENT.TXT still is on the disk after this operation, but 
it has been truncated at the location of the error. Any sectors that 
the RECOVER command could not read are marked as "bad sectors" 
in the file allocation table. These show up the next time that a 
CHKDSK command is run. You might want to run CHKDSK before 
and after running the RECOVER command to see the effect of the 
additional bad sectors. 

You then should delete the DOCUMENT.TXT file, because you have 
already created a copy of it with as much good data as is possible. 
This completes the second phase and, thus, the entire operation. 

You now have a new file with as much of the original file as is 
possible, and the disk file allocation table is marked so that the 
defective location will not be a bother to you again. 

As a final word, remember to be careful when using the RECOVER 
program, because when it is used improperly, it can do a great deal 
of damage to your files and the file allocation table. If you enter the 
RECOVER command without a file name for it to work on, the 
program assumes that you want every file on the disk recovered. 
The program then proceeds to operate on each and every file and 
subdirectory on the disk. All subdirectories are converted to actual 
files, and all file names are placed in the root directory and given 
the names FILEOOOO.REC, FILE0001.REC, and so on. This process 
essentially wipes out the file system on the entire disk. Warning: Do 
not use the RECOVER command without providing a file name for it 
to work on. This program is so dangerous to data when misused 
that you should immediately delete it from the hard disk, to prevent 
accidentally invoking this program. 

The DEBUG Command 
The DEBUG program included with DOS versions prior to 4.0 is a 
powerful debugging tool for technicians and programmers. For DOS 
4.0 and later, DEBUG is included with the DOS Technical Reference 
Manual. It is a crude tool and is not very "friendly." The greatest 
thing about DEBUG is that everybody already has it, and it was 
basically free. Some of the things you can do with the DEBUG 
command are the following: 

• Display data from any memory location 

• Move blocks of data between memory locations 
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• Enter data directly into any memory location 

• Read disk sectors into memory 

• Write disk sectors from memory 

• Write short assembly language programs 

• Display the assembly source code of programs 

• Trace the execution of a program 

• Display or alter the contents of the CPU registers 

• Input from a port 

• Output to a port 

• Perform hexadecimal addition and subtraction 

To use the DEBUG program, make sure that DEBUG.COM is in the 
current directory or in the current DOS PATH and type the following 
at the C prompt: 

DEBUG [filel 

When the DEBUG prompt is displayed H, you can enter a DEBUG 
command. 

DEBUG is limited in how it is normally used. With more powerful 
programs available in the marketplace for debugging and assembling 
code, the most common use for DEBUG these days is patching 
assembly language programs to correct problems or to change an 
existing program feature. 

DEBUG also can be used to read and write to a disk sector directly, 
but you must be careful with this feature. You must know precisely 
what you are doing when writing to a disk, or you can really mess it 
up. A backup of the hard disk or floppy disk you are using should be 
made before you try this area of the DEBUG program. You also may 
want to experiment on a floppy disk that has no important data on 
it, but be careful because DEBUG can read and write to or from any 
drive on the system. 
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Recognizing Memory-Resident 

Software Conflicts 

One area where many users get into trouble is with memory­
resident software. This software loads itself into memory and stays 
there, waiting for some activation key (usually a keystroke 
combination). The programs that can be activated by a key 
combination are sometimes called pop-up utilities or programs. 

The problem with resident programs is that they often can conflict 
with each other as well as with applications programs or even DOS 
itself. Many types of problems can be experienced; sometimes these 
problems appear consistently, but other times the problems are 
intermittent. Some computer users do not like to use this type of 
software as a general rule, unless absolutely necessary. 

If you are experiencing problems that you have traced to a memory­
resident program conflict, the common way to correct the problem is 
to eliminate one of the programs that are conflicting. Another fix is 
to change the load order of the programs. Sometimes certain 
programs like to be "first," and others need to be "last." This order 
preference often can be discovered only by pure trial and error. 

Finally, remember that device drivers also are a form of memory­
resident software, and loading these drivers in CONFIG.SYS can be 
the cause of.many problems. Again, eliminating .the driver programs 
that cause the problem, as well as changing the load order, may 
solve the problems. 

Unfortunately, these resident program conflicts and problems are 
likely to be around as long as DOS is used. But the light at the end 
of the tunnel is OS/2. The problem with DOS is that no real rules are 
established as to how resident programs should interact with each 
other as well as with the rest of the system. OS/2 is built on the 
concept of many programs resident in memory at once, all 
multitasking as well. This operating system will put an end to the 
problem ofresident programs conflicting with each other. 
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Distinguishing between 
Hardware and Software 
Problems 
One of the most aggravating situations in computer repair is 
opening up a system and troubleshooting all the hardware only to 
find later that the cause of the problem was a program, not the 
hardware itself. Many people have spent large sums of money on 
replacement hardware such as motherboards, disk drives, adapter 
boards, cables, and so on, all on the premise that the hardware was 
the cause of the problem when software actually was the culprit. To 
eliminate these aggravating, sometimes embarrassing, and often 
expensive situations, you must be able to distinguish a hardware 
problem from a software problem. 

Fortunately, making this distinction is fairly simple. Often, software 
problems are caused by the custom configurations that many 
systems carry (the extensive CONFIG.SYS and AUTOEXEC.BAT files 
that load all kinds of resident programs and specify different 
configuration parameters). One of the first things to do when you 
suspect a software problem is to boot off of a "virgin" DOS disk that 
has no CONFIG.SYS or AUTOEXEC.BAT configuration files on board. 
Test for the problem that had been occurring, and if it has 
disappeared, the cause was likely something in these two files. At 
this point, begin restoring the files, one command line at a time, and 
retest each time to see where the actual problem lies. As indicated 
in the preceding section, you may have to change the order of 
command lines in these files or eliminate entirely the offending 
program or configuration item. 

DOS can cause other problems, such as bugs or incompatibilities 
with certain hardware items. DOS 3.2 does not support the 1.44M 
floppy drive format, for example, so using this DOS version in a 
system equipped with one of those drives may lead you to believe 
(incorrectly) that the drive is bad. Be sure that you are using the 
correct version of DOS and that support is provided for the hardware 
you have. Find out whether your version of DOS has any official 
patches available; sometimes a problem you are experiencing may 
be one that many others have had, and IBM or Microsoft has 
released a fix disk that takes care of the problem. A perfect example 
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of this is the floppy formatting problem that many PS/2 users have 
had under DOS 3.3. They would get a track 0 bad message after 
answering yes to the Format another message. This problem was 
solved bya special driver file found on the DOS 3.3 patch disk. 

If you are having a problem related to a piece of applications 
software, you always should contact the company that produces the 
software and explain the problem to them. They may have a patched 
or fixed version if there really is a bug, or maybe you are operating 
the software in some strange or incorrect way. 

aEhapter Summary 
In this chapter you examined the software side of your system. 
Often, a problem can exist in the software and not be hardware 
related. The chapter examined DOS and showed how DOS organizes 
information on a disk. You learned about the CHKDSK, RECOVER, 
and DEBUG commands to see how DOS can help you with data and 
disk recovery. Finally, the chapter examined resident software and 
the problems it can cause and gave you an idea of how to 
distinguish a software problem from a hardware problem. 



A Final Word 


content of this book covers most of the components of an 
or IBM-compatible personal computer system. In this book, 

you discovered how all the components operate and interact and 
how these components should be set up and installed. You looked at 
ways components fail and learned the symptoms of these failures. 
And, finally, you reviewed the steps in diagnosing and 
troubleshooting all the major components in the system so that you 
can locate and replace the failing component. 

The information that I have collected and presented in this book 
represents years of practical experience with IBM and compatible 
systems. A great deal of research and investigation also have gone 
into each section. This information has saved companies many 
thousands of dollars. 

Bringing microcomputer service and support in-house is one of the 
best ways to save a great deal of money today. The elimination of 
service contracts for most systems and the reduction of downtime 
are just two of the benefits to be realized through the application of 
the information presented here. As I have also indicated, you can 
save a great deal of money on component purchases by eliminating 
the middleman and purchasing the components directly from 
distributors or manufacturers. Most people cannot take advantage of 
direct purchasing, however, because it requires a whole new level of 
understanding of the component. This deeper level of knowledge 
and understanding is what I hope I have been able to give you in 
this book. 

You can go many places today to gather information such as that 
presented in this book. I have personally taught several thousands of 
individuals this information through a seminar series presented for 
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the American Institute. In presenting this information, I am often 
asked where more of this type of information can be obtained and 
whether I have any "secrets" for acquiring this knowledge. Well, 
there are no secrets, but I do know of several key sources of 
information that can make you a verifiable expert in PC upgrade and 
repair. 

I have four key sources for the type of information that helps me 
(and can help you) solve upgrading, repairing, and general 
troubleshooting problems. These sources are the four M's: 

Manuals 

Machines 

Modems 

Magazines 


Manuals-let me say it again-manuals are the single most 
important source of information you have. Unfortunately, manuals 
happen to be one of the most frequently overlooked sources of 
information. lowe much of my knowledge to pouring over the 
various technical reference manuals and other Original Equipment 
Manufacturers (OEM) manuals. I will not even consider purchasing a 
system that does not have a detailed technical reference manual 
available. 

Let me use a simple analogy to explain the importance of manuals 
and documentation, as well as other issues concerning repair and 
maintenance of a system. Compare your business use of computers 
to a taxicab company. The company needs to purchase automobiles 
to use as cabs. The owners purchase not one car, but an entire fleet 
of cars. Do you think that they would purchase a fleet of automobiles 
based solely on performance or gas mileage statistics? Would they 
neglect to consider ongoing maintenance and service of these 
automobiles? Would they purchase a fleet of cars that could be 
serviced only by the original manufacturer and for which parts could 
not be purchased at all? Do you think that they would buy a car that 
did not have available a detailed service and repair manual? Would 
they buy some foreign-produced automobile for which parts were 
scarce and long waits for parts were inevitable? The answer (of 
course) to all these questions is No, No, No! 

Doesn't your business (especially a larger one) use what amounts to 
a "fleet" of computers? If so, then why don't you think of this fleet 
as cars of the cab company, which would go out of business rapidly 
if these cars could not be kept running smoothly and inexpensively. 
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Now you know why the Checker Marathon automobil~ was so 
popular with cab companies. That car hardly changed at all over the 
span of its availability. In many ways, the standard PC and AT 
systems are like the venerable Checker Marathon. You can get 
technical information by the shelfful for these systems. You can get 
parts from so many sources that anything you need is immediately 
available-and at a discounted price. 

But I still find people specifying for their companies computers that 
have no technical documentation, have no spare parts program or 
sell parts only to dealers, use nonstandard shaped and designed 
components available only from the company that made them, and 
so on. The upgrade, repair, and maintenance of the company's 
computer systems always seem to take a back seat to performance 
and style. 

In addition to manuals, many good reference and tutorial books are 
available on the market today. Que specializes in computer books of 
this type, and my shelf is full of books from Que and the other major 
publishers. 

The second item on the list, machines, refers to the systems 
themselves. The actual systems are one of my best sources of 
information. Suppose that I need to answer the question "Will this 
board work with that board?" The answer is as simple as plugging 
in both boards and pressing the switch. Experiments and 
observations of running systems are two of the best learning tools at 
your disposal. I recommend trying everything; rarely does anything 
you do really harm the equipment. Data is another thing, however, 
so keep regular backups as insurance! I know that people are much 
more reluctant to experiment with a system that cost them a great 
deal of money, but much can be learned through these systems 
directly. 

The third item, modems, refers to the use of public information 
utilities, which are a modem and a phone call away. You can tie into 
electronic bulletin boards and information exchanges all over the 
country. These resources include computer enthusiasts and technical 
support people from various organizations, as well as experts in 
virtually all areas of these systems. This method can be a great way 
to have questions answered and to collect useful utility and help 
programs that can make your job much easier. The world of public­
domain and user-supported software awaits, as well as more 
technical information and related experiences than you could ever 
imagine. 
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One of my favorite sources of information is the public access utility 
CompuServe. This source is a cluster of mainframe systems, based in 
Ohio, which you can log into from virtually anywhere in the country 
through a local telephone call. Among CompuServe's resources are 
special interest groups (SIGs), sponsored by most of the major 
software and hardware companies. Some interesting discussions 
take place in the SIGs. CompuServe, combined with a local electronic 
bulleti;n board or two, can greatly supplement the information you 
gather from other sources. 

The last source oLinformation, magazines, is one of the best sources 
of up-to-date reviews and technical data. Also featured are "bug 
fixes," problem alerts, and general industry news. Keeping a printed 
book up-to-date with the latest events in this industry is difficult. 
Things move so fast that the magazines themselves can hardly keep 
pace. I subscribe to most of the major magazines available and am 
hard pressed to pick any as the best. They are all important to me, 
and each one gives me different information - or the same 
information with a different angle or twist. 

In the Appendix of this book, you will find a list of the vendors 
whose products have been named in this book and another list of 
the part numbers and prices for all of IBM's technical documentation 
and manuals. 

I hope that this book has been beneficial to you and your business, 
and I hope that you have enjoyed reading it as much as I have 
enjoyed writing it! 



Appendix 


In this Appendix, you will find a great deal of useful information. 
This is mainly reference information, not designed to be "read" but 
instead to be "looked up." This information can be useful in your 
troubleshooting or upgrading sessions and is usually spread out 
among too many sources. 

You will find information in the form of many reference charts and 
tables. In particular, you will find information as to the default 
interrupt, DMA channel, I/O port, and memory usage of the primary 
system and most standard options. This information is invaluable for 
those of you who are installing new boards or upgrading your 
system in any way. This information can prove important when 
you're troubleshooting a 'conflict between any two devices. 

Some charts indicate the physical to logical organization of memory 
on the standard IBM types of motherboards. This information is 
useful for memory troubleshooting sessions, when you must take a 
logical address value and determine which physical chips or 
components are involved. 

I have included charts indicating the hard disk drive tables found in 
the two versions of the IBM XT hard disk controller, as well as all 
versions of IBM AT system ROM BIOS to date. This information is 
necessary when you're adding a hard disk to any systems using 
these components. Note that most AT types of compatibles have a 
table whose values differ from IBM's, especially for any entries over 
15. Users of these systems must resort to their system's technical 
reference manual. 
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One of the most useful tables in the Appendix is a concise listing of 
the IBM diagnostics error codes. These are the codes that can be 
generated by the POST (power-on self test) as well as the disk­
based diagnostics programs. The codes are not documented by IBM 
in tabular form anywhere, and this compilation comes from the 
various hardware maintenance service, technical reference, and 
other manuals produced by IBM. I found some of the codes from 
directly reading the commented ROM listings in the technical 
reference manuals. You will find this information useful in 
deciphering the codes that are produced, without having to look 
through a stack of books. 

Also included is a listing of all the available IBM technical manuals 
and a description of all the documentation available. The listing 
includes part numbers and pricing information as well as information 
useful in ordering this documentation. 

The next section of the Appendix is a vendor list. Here, you will find 
a list of the various product vendors whose products - both . 
hardware and software-have been mentioned throughout the book. 
This information is provided so that you can inquire further about 
the products mentioned, as well as locate a place to purchase the 
products. Of particular interest are the listings for the IBM service 
parts locations, which are the depots for parts distribution and 
purchase within IBM. 

Although all this information has come from a wide variety of 
sources, most of it comes from the technical reference manuals and 
hardware maintenance service manuals available for various systems 
from IBM and other manufacturers. These documents are invaluable 
for those of you who really want to pursue this topic more 
extensively. 

Charts 
This section lists a variety of charts and tables describing the usage 
and allocation of various system resources. This information covers 
interrupts, DMA channels, 1/0 ports, memory usage, hard disk 
tables, and more. You also will find a listing of the meanings of the 
IBM error code numbers, which should be very useful for most 
people. 
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ASCII Character Code Chart 
The preceding chart lists all the standard 7-bit ASCII codes and their 
decimal value, hexadecimal value, the actual character, and for the 
control codes (the first 32 codes), the mnemonic and full-length 
names for the code. 

Interrupt Channels 
Interrupt Request Channels (IRQ) are used by various hardware 
devices to signal the motherboard that a request must be fulfilled. 
These channels are represented by wires on the motherboard and in 
the slot connectors. Each interrupt is usually designated for a single 
hardware device, and most of the time cannot be "shared." 

A device can be designed to share interrupts, and a few devices will 
allow this, but most cannot because of the way that interrupts are 
signaled. The PS/2 systems have revamped this signaling scheme, 
and now several boards easily can share an interrupt in these 
systems. Because they cannot usually be shared in the earlier 
systems, you often will run out of interrupts when adding boards to 
a system. If two boards use the same interrupt level to signal the 
system, a conflict will cause neither board to operate properly. These 
charts will allow you to see what interrupt channels that any 
standard devices use and what may be free in your system. Note 
that the AT systems have twice the number of interrupts and 
usually can be expanded much more easily. 

PC and XT System Interrupts 

The PC and XT have eight standard prioritized levels of interrupt, 
with the lower priority six (numbered 2 through 7) being bussed to 
the system expansion slots. Also, a special Non-Maskable Interrupt 
(NMI) exists, which has the highest priority of all. They are used as 
follows in order of priority: 
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IRQ Use 

NMI Parity check, 8087 
o Channel 0 of the timer/counter for time of day clock 
1 Keyboard 

2 Most network adapters 
3 Secondary asynchronous communications (COM2:) 
4 Primary asynchronous communications (COM1: or 

AUX:) 

5 Fixed disk controller 

6 Floppy disk controller 

7 Parallel printer port (PRN: or LPT1:) 


AT System Interrupts 

The AT supports 16 standard levels of interrupt, with 11 channels 
bussed to the expansion slots. Also, a special Non-Maskable 
Interrupt (NMI) exists, which has the highest priority. Two Intel 
8259A controllers are used, with 8 channels per chip. The interrupts 

,from the second chip are cascaded through IRQ 2 on the first chip. 
Interrupts 0, 1, 2, 8, and 13 are not on the bus connectors and are 
not accessible to expansion adapters. Note that the interrupts 8, 10, 
11, 12, 13, 14, and 15 are from the second interrupt controller and 
are accessible only by boards that use the 16-bit extension 
connector. Also note that any board set to IRQ 2 will automatically 
be redirected as IRQ 9 even if it is an 8-bit board. 

The interrupts are used as follows: 

IRQ Use 

NMI Parity check 

o Timer 

1 Keyboard 

2 Cascaded interrupts from second 8259 (IRQ 8-15) 


8 Real time clock 
9 Redirected from IRQ 2 (appears as IRQ 2) 
10 Reserved 
11 Reserved 
12 Reserved 
13 80287 coprocessor 
14 Fixed disk controller 
15 Reserved 
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IRQ Use 

3 Serial port 2 (COM2:) 
4 Serial port 1 (COM1:) 
5 Parallel port 2 (LPT2:) 
6 Diskette controller 
7 Parallel port 1 (LPT1:) 

Direct Memory Access (DMA) Channels 
DMA channels are used by any high-speed communications devices 
that must send and receive information at high speed with the 
motherboard. A hard disk controller will use DMA, for example, but 
a floppy controller will not. A serial or parallel port will not use a 
DMA channel, but a network adapter often will. DMA channels 
sometimes can be shared if the devices are not of the type that 
would need them simultaneously. I could have a network adapter 
and a tape backup adapter both sharing DMA channell, for 
example, but I could not back up while the network was running. To 
back up during network operation, I would have to ensure that each 
adapter used a unique DMA channel. Note that twice as many DMA 
channels are available in an AT type of system. 

PC and XT DMA Channels 

Four Direct Memory Access (DMA) channels support high-speed data 
transfers between 1/0 devices and memory. Three of the channels 
are bussed to the expansion slots. These PC and XT DMA channels 
are used as follows: 

o Refresh system dynamic RAM 
1 Reserved 
2 Reserved ~\..oppy :DISK ".:ON-rR.O\-\...E;R 

3 Hard disk controller 

AT DMA Channels 

The AT system supports seven Direct Memory Access (DMA) 
channels, with six bussed to the expansion slots. 
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DMA channel 4 is used to cascade channels 0 through 3 to the 
microprocessor. Channels 0 through 3 are for 8-bit transfers, and 
channels 5 through 7 are for 16-bit transfers. The AT DMA channels 
are used as follows: 

o Reserved 
1 Reserved 
2 .Disk 
3 Reserved 
4 Cascade for DMA 0-3 
5 Reserved 
6 Reserved 
7 Reserved 

Port Usage 
Input/output ports are addresses used by the processor to 
communicate with devices directly. These addresses are like memory 
addresses but are not for storage. There are 1,024 I/O ports available 
in theIDM system design for both XT and AT types of systems. 
These I/O ports must be uniquely assigned to only a single board or 
device, so the potential for conflicts does exist. Generally, more than 
enough are available to go around, but many boards do not allow 
the default port addresses to be changed. The charts that follow list 
the default port usage in PC and AT types of systems. 

PC and Xl 

This chart lists all the default port addresses for any PC type of 
system. Note that the I/O addresses hex 000 to OFF are reserved for 
the system board. Ports hex 100 to 3FF are available on the I/O 
channel. 
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Hex Range 

200-20F 

201 

20C-20D 

210-217 

21F 

278-27F 

2BO-2DF 

2E1 

2E2 and 2E3 

2F8-2FF 

300-31F 

320-32F 

348-357 

360-367 

368-36F 

378-37F 

380-38F 

390-393 

3AO-3AF 

3BO-3BF 

3CO-3CF 

3DO-3DF 

3FO-3F7 

3F8-3FF 

6E2 and 6E3 

790-793 

AE2 and AE3 

B90-B93 

EE2 and EE3 

1390-1393 

22E1 

2390-2393 

42E1 

62E1 

82E1 

A2E1 

C2E1 

E2E1 


PC and XT Type 

110 Port Address Map 


Device 

Game control 

Game 110 

Reserved 

Expansion unit 

Reserved 

Parallel printer port 2 

Alternate enhanced graphics adapter 

GPIB (Adapter 0) 

Data acquisition (Adapter 0) 

Serial port 2 

Prototype card 

Fixed disk 

DCA 3278 

PC network (low address) 

PC network (high address) 

Parallel printer port 1 

SDLC, bisynchronous 2 

Cluster 

Bisynchronous 1 

Monochrome display and printer adapter 

Enhanced graphics adapter 

Color/graphics monitor adapter 

Disk controller 

Serial port 1 

Data acquisition (Adapter 1) 

Cluster (Adapter 1) 

Data acquisition (Adapter 2) 

Cluster (Adapter 2) 

Data acquisition (Adapter 3) 

Cluster (Adapter 3) 

GPIB (Adapter 1) 

Cluster (Adapter 4) 

GPIB (Adapter 2) 

GPIB (Adapter 3) 

GPIB (Adapter 4) 

GPIB (Adapter 5) 

GPIB (Adapter 6) 

GPIB (Adapter 7) 
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AT 
This chart lists all the default port addresses for any AT type of 
system. Note that the I/O addresses hex 000 to OFF are reserved for 
the system board. Ports hex 100 to 3FF are available on the I/O 
channel. 

Hex Range 

000-91F 
020-03F 
040-05F 
060 
061 
064 
070-07F 

080-09F 
OAO-OBF 
OFO 
OFl 
OF8-0FF 
lFO-1F8 
20C-20D 
21F 
278-27F 
2BO-2DF 
2El 
2E2 and 2E3 
2F8-2FF 
300-31F 
360-363 
364-367 
368-36B 
36C-36F 
378-37F 
380-38F 
3AO-3AF 
3BO-3BF 
3CO-3CF 
3DO-3DF 

AT Type 

I/O Port Address Map 


Device 

DMA controller 1, 8237A-5 
Interrupt controller 1, 8259A, master 
Timer, 8254-2 
8042 (keyboard) 
System board I/O port 
8042 (keyboard) 
Real time clock, NMI (Non-Maskable 

Interrupt) Mask 
DMA page register, 74LS612 
Interrupt controller 2, 8237A-5 
Clear math coprocessor busy 
Reset math coprocessor 
Math coprocessor 
Fixed disk 
Reserved 
Voice communications adapter 
Parallel printer port 2 
Alternate enhanced graphics adapter 
GPIB (Adapter 0) 
Data acquisition (Adapter 0) 
Serial port 2 
Prototype adapter 
PC network (low address) 
Reserved 
PC network (high address) 
Reserved 
Parallel printer port 1 
SDLC, bisynchronous 2 
Bisynchronous 1 
Monochrome display and printer adapter 
:Enhanced graphics adapter 
Color/graphics monitor adapter 
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AT Type 
1/0 Port Address Map-continued 

Hex Range Device 

3FO-3F7 Disk controller 

3F8-3FF Serial port 1 

6E2 and 6E3 Data acquisition (Adapter 1) 

AE2 and AE3 Data acquisition (Adapter 2) 

EE2 and EE3 Data acquisition (Adapter 3) 

22E1 GPIB (Adapter 1) 

42E1 GPIB (Adapter 2) 

62E1 GPIB (Adapter 3) 

82E1 GPIB (Adapter 4) 

A2E1 GPIB (Adapter 5) 

C2E1 GPIB (Adapter 6) 

E2E1 GPIB (Adapter 7) 


System Memory Maps 
The following maps show where memory is located logically within 
a system. Two basic maps are provided: one showing the processor­
addressable memory in real mode and the other showing processor­
addressable memory in protected mode. A third map also is 
provided; it shows how expanded memory fits into the reserved 
space between 640K and 1M, and how it is actually not addressable 
by the processor directly. Expanded memory can only be addressed 
a small piece (page) at a time through a small window of memory. 
These maps can be useful for mapping out the logical locations of 
any of the adapters in your system. All memory locations must be 
uniquely supplied by a single device, and the potential for conflicts 
does exist if two devices are mapped into the same logical locations. 
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1 Megabyte (Real Mode) 

The following map shows the logical address locations for an Intel 
processor running in real mode. Under this mode, the processor can 
see only 1 megabyte of memory, which is mapped in the following 
way: 

Program-Accessible Memory 
v Video RAM 
a Adapter Board ROM and RAM 
r Motherboard ROM BIOS 
b IBM Cassette BASIC 

IBM 1 M Memory Map with 64K1L1ne 

0---1---2---3---4---5---6---7---8---9---A---8---C---D---E---F--­
00000: 
10000: 
20000: 
30000: 
40000: 
50000: 
60000: 
70000: 
80000: 
90000: 
AOOOO: vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv 
80000: vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv 
COOOO: aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
DOOOO: aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
EOOOO: rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 
FOOOO: rrrrrrrrrrrrrrrrrrrrrrrrbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbrrrrrrrr 



626 Upgrading and Repairing PCs 

16 Megabyte (Protected Mode) 
The following map shows the logical address locations for an Intel 
processor running in protected mode. Under this mode, the processor 
can see a full 16 megabytes of memory, mapped in the following 
way: 

Program-Accessible Memory 
v Video RAM 
a Adapter Board ROM and RAM 
r Motherboard ROM BIOS 
b IBM Cassette BASIC 

IBM 16M Memory Map with 64K1L1ne 

0---1---2---3---4---5---6---7---8---9---A---8---C---0---E---F--­
000000: 
010000: 
020000: 
030000: 
040000: 
050000: 
060000: 
070000: 
080000: 
090000: 
OAOOOO: vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv 
080000: vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv 
OCOOOO: aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
000000: aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
OEOOOO: rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 
OFOOOO: rrrrrrrrrrrrrrrrrrrrrrrrbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbrrrrrrrr 
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Intel real-mode memory ends here. Memory beyond this point is 
accessible only in protected mode. Only the Intel 80286 and 80386 
currently have a protected mode. The 8086 and 8088 do not have a 
protected mode and therefore cannot access memory beyond the 1M 
barrier. 

0---1---2---3---4---5---6---7---8---9---A---B---C---O---E---F--­
100000: 
110000: 
120000: 
130000: 
140000: 
150000: 
160000: 
170000: 
180000: 
190000: 
lAOOOO: 
lBOOOO: 
lCOOOO: 
100000: 
lEOOOO: 
lFOOOO: 

0---1---2---3---4---5---6---7---8---9---A---B---C---0---E---F--­
200000: 
210000: 
220000: 
230000: 
240000: 
250000: 
260000: 
270000: 
280000: 
290000: 
2AOOOO: 
2BOOOO: 
2COOOO: 
200000: 
2EOOOO: 
2FOOOO: 
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0---1---2---3---4---5---6---7---8---9---A---8---C---0---E---F~--
300000: 
310000: 
320000: 
330000: 
340000: 
350000: 
360000: 
370000: 
380000: 
390000: 
3AOOOO: 
380000: 
3COOOO: 
300000: 
3EOOOO: 
3FOOOO: 

0---1---2---3---4---5---6---7---8---9---A---8---C---O---E---F--­
400000: 
410000: 
420000: 
430000: 
440000: 
450000: 
460000: 
470000: 
480000: 
490000: 
4AOOOO: 
480000: 
4COOOO: 
400000: 
4EOOOO: 
4FOOOO: 

0---1---2---3---4---5---6---7---8---9---A---8---C---0---E---F--­
500000: 
510000: 
520000: 
530000: 
540000: 
550000: 
560000: 
570000: 
580000: 
590000: 
5AOOOO: 
580000: 
5COOOO: 
500000: 
5EOOOO: 
5FOOOO: 
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0---1---2---3---4---5---6---7---8---9---A---8---C---0---E---F--­
600000: 
610000: 
620000: 
630000: 
640000: 
650000: 
660000: 
670000: 
680000: 
690000: 
6AOOOO: 
680000: 
6COOOO: 
600000: 
6EOOOO: 
6FOOOO: 

0---1---2---3---4---5---6---7---8---9---A---8---C---0---E---F--­
700000: 
710000: 
720000: 
730000: 
740000: 
750000: 
760000: 
770000: 
780000: 
790000: 
7AOOOO: 
780000: 
7COOOO: 
700000: 
7EOOOO: 
7FOOOO: 

0---1---2---3---4---5---6---7---8---9---A---8---C---O---E---F--­
800000: 
810000: 
820000: 
830000: 
840000: 
850000: 
860000: 
870000: 
880000: 
890000: 
8AOOOO: 
880000: 
8COOOO: 
800000: 
8EOOOO: 
8FOOOO: 
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0---1---2---3---4---5---6---7---8---9---A---8---C---0---E---F--­
900000: 
910000: 
920000: 
930000: 
940000: 
950000: 
960000: 
970000: 
980000: 
990000: 
9AOOOO: 
980000: 
9COOOO: 
900000: 
9EOOOO: 
9FOOOO: 

0---1---2---3---4---5---6---7---8---9---A---8---C---0---E---F--­
AOOOOO: 
Al0000: 
A20000: 
A30000: 
A40000: 
A50000: 
A60000: 
A70000: 
A80000: 
A90000: 
AAOOOO: 
A80000: 
ACOOOO: 
AOOOOO: 
AEOOOO: 
AFOOOO: 

0---1---2---3---4---5---6---7---8---9---A---8---C---0---E---F--­
800000: 
810000: 
820000: 
830000: 
840000: 
850000: 
860000: 
870000: 
880000: 
890000: 
8AOOOO: 
880000: 
8COOOO: 
800000: 
8EOOOO: 
8FOOOO: 
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0---1---2---3---4---5---6---7---8---9---A---8---C---0---E---F--­
COOOOO: 
Cl0000: 
C20000: 
C30000: 
C40000: 
C50000: 
C60000: 
C70000: 
C80000: 
C90000: 
CAOOOO: 
C80000: 
CCOOOO: 
COOOOO: 
CEOOOO: 
CFOOOO: 

0---1---2---3---4---5---6---7---8---9---A---8---C---0---E---F--­
000000: 
010000: 
020000: 
030000: 
040000: 
050000: 
060000: 
070000: 
080000: 
090000: 
OAOOOO: 
080000: 
OCOOOO: 
000000: 
OEOOOO: 
OFOOOO: 

0---1---2---3---4---5---6---7---8---9---A---8---C---0---E---F--­
EOOOOO: 
El0000: 
E20000: 
E30000: 
E40000: 
E50000: 
E60000: 
E70000: 
E80000: 
E90000: 
EAOOOO: 
E80000: 
ECOOOO: 
EOOOOO: 
EEOOOO: 
EFOOOO: 
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0---1---2---3---4---5---6---7---8---9---A---8---C---O---E---F--­
FOOOOO: 
F10000: 
F20000: 
F30000: 
F40000: 
F50000: 
F60000: 
F70000: 
F80000: 
F90000: 
FAOOOO: 
F80000: 
FCOOOO: 
FOOOOO: 
FEOOOO: rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 
FFOOOO: rrrrrrrrrrrrrrrrrrrrrrrrbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbrrrrrrrr 

Note that the motherboard ROM BIOS has a duplicated address 
space that causes it to "appear" both at the end of the 1M real­
mode space and at the end of the 16M protected-mode space. 

The addresses from OEOOOO to OFFFFF are equal to FEOOaa to 
FFFFFF, which is necessary because of differences in the memory 
addressing during the shift between real and protected modes. 

Expanded Memory 

Figure A1 shows a map of expanded memory, where expanded 
memory fits with conventional and extended memory. 

Motherboard Memory 
The following error-code and memory-location information covers the 
original IBM PC. This system has a ROM BIOS that offers less 
information than the later XT systems concerning memory errors. 
Most compatible vendors have duplicated the XT error messages for 
their PC types of systems. 

When a memory failure is detected during the POST, a 201 error 
message preceded by a four-character error code may be displayed. 
This error message lasts about one second before being replaced by 
a PARITY CHECK message. If a PARITY CHECK occurs during either POST 
or normal operation, single digit location code may follow the parity 
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Fig. A.l.
Processor­

Map of expandedAddressable 
memory,Memory 


Expanded Memory 

32:;;M_______---, 

Extended memory 

1,024K 

Expanded memory 


Molherboard ROM BIOS 


896K 

EMS window 

832K bank switched memory 

Adapler ROM 

768K 

Video memory 

Divided into logical pages 640K 

Conventional memory 

5l2K 

256K 

° 

check message. These messages appear in the form shown in 
figure A.2. ' 

XXXX 201 

Fig. A.2. 

Deciphering IBM 
PC memory error 
codes, 

First 2 digits = Failing Bank (byte address) 

Second 2 digits = Failing Chip (bit address) 

and/or 


PARITY CHECK X 


L Location of Failure; 1 = Motherboard 
2 = I/O Slot 
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The failing bank of memory is indicated by the first two digits of the 
error code, which are really the two most significant digits in the 
address of the failing byte. The failing chip is indicated by the last 
two digits of the error code, which is really the address of the failing 
bit. 

The codes can be interpreted as follows: 

16/64K Motherboard (Type 1) 

Bit Address 

Byte Address Bank # 00 01 02 04 08 10 20 40 80 


OOxxx to 03xxx = Bank 0 [] [] [ ] [ ] [] [] [] [] [] 

04xxx to 07xxx = Bank 1 [] [] [ ] [ ] [] [] [ ] [] [] 

08xxx to OBxxx = Bank 2 [ ] [] [ ] [ ] [ ] [] [] [] [] 

OCxxx to OFxxx = Bank 3 [ ] [ ] [ ] [] [ ] [] [] [ ] [ ] 


Chip locations 

64/256K Motherboard (Type 2) 

Bit Address 

Byte Address Bank # 00 01 02 04 08 10 20 40 80 


OOxxx to OFxxx = Bank 0 [] [] [ ] [ ] [ ] [] [ ] [ ] [ ] 

10xxx to 1Fxxx = Bank 1 [ ] [ ] [ ] [] [ ] [] [] [ ] [ ] 

20xxx to 2Fxxx = Bank 2 [] [] [ ] [ ] [] [] [ ] [] [ ] 

30xxx to 3Fxxx = Bank 3 [] [] [ ] [ ] [ ] [] [ ] [] [] 


Chip locations 

All other reported byte addresses are not on the motherboard but, 
instead, must be on a memory expansion adapter plugged into a 
slot. 

The following error-code and memory-location information covers the 
IBM XT and most compatible PC types of systems. 

When a memory failure is detected during the POST or advanced 
diagnostics, a 201 error message preceded by a seven-character 
error code may be displayed. If a parity error occurs during normal 
operation, single digit location code may follow the PARITY CHECK 
message and a five-digit error code below the PARITY CHECK message. 
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These messages appear in the form shown in figure A.3. 
XXXXX XX 201 

Fig. A.3. 

Deciphering IBM 
XT- and PC­
compatible 

First 5 digits = Failing Bank (byte address) memory error 
L--____ Last 2 digits = Failing Chip (bit address) codes. 

or 

I~~~CHEC~L 

: 
Location of Failure; 1 = Motherboard 

2 = I/O Slot 

5 digits = Failing Bank (byte address) 

The failing bank of memory is indicated by the five-digit error code, 
which is really the address of the failing byte. The failing chip is 
indicated by the last two digits of the error code, which is really the 
address of the failing bit. 

The address codes can be interpreted as follows: 

64/256K Motherboard (Type 1J 

Bit Address 

Byte Address Bank # 00 01 02 04 08 10 20 40 80 


00000 to OFFFF = Bank 0 [ ] [] [] [ ] [ ] [ ] [ ] [ ] [ ] 

10000 to 1FFFF = Bank 1 [ ] [ ] [ ] [] [] [ ] [ ] [] [] 

20000 to 2FFFF = Bank 2 [ ] [ ] [] [] [] [ ] [ ] [ ] [] 

30000 to 3FFFF = Bank 3 [ ] [ ] [ ] [] [] [ ] [ ] [] [] 


Chip locations 
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256/640k Motherboard (Type 2) 

Bit Address 

Byte Address Bank # 00 01 02 04 08 10 20 40 80 


00000 to 3FFFF = Bank 0 [ ] [ ] [] [] [] [] [] [] [] 

40000 to 7FFFF = Bank 1 [] [] [] [] [] [] [] [] [ ] 

80000 to 8FFFF = Bank 2 [] [] [] [] [] [] [] [] [ ] 

90000 to 9FFFF = Bank 3 [] [] [] [] [ ] [] [] [] [ ] 


Chip locations 

The following error-code and memory-location information covers the 
IBM AT and most compatible AT types of systems. 

When a memory failure is detected during the POST, a 201 error 
message preceded by a 10-character error code may be displayed. If 
a parity error occurs during normal operation, single digit location 
code may follow the PARITY CHECK message and a 5-digit error code 
below the PARITY CHECK message. 

These messages appear in the form shown in figure A.4. 

XXXXXX ~ 201 
Fig. A.4. 

Deciphering IBM 
AT and AT­
compatible 

L...-____+-_ First 6 digits = Failing Bank (byte address) 	 memory elTor 
codes.

L...-_~ Last 4 digits = Failing Chip (bit address) 

or 

PARITY CHECK X 

XXXXX 
Location of Failure; 1 = Motherboard

[ L 
• 

2 = liD Slot 

5 digits = Failing Bank (byte address) 

The failing bank of memory is indicated by the six-digit error code 
(or five-digit error code in the case of a PARITY CHECK message), 
which is really the address of the failing byte. The failing chip is 
indicated by the last four digits of the error code, which is really the 
address of the failing bit. 
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The address codes can be interpreted as follows: 

Type 1 AT Motherboard 

Byte Address Bank # Bit Address 

040000 to 07FFFF = Bank 1 [ 8] [ 9] [10] [11] [12] [13] [14] [15] [P] 
[ 0] [ 1] [ 2] [ 3] [ 4] [ 5] [ 6] [ 7] [P] 

000000 to 03FFFF = Bank 0 [ 8] [ 9] [10] [11] [12J [13] [14] [15] [P] 
[ 0] [ 1] [ 2] [ 3] [ 4J [ 5] [ 6] [ 7] [P] 

The four-digit number corresponds to the bit address: 

0000 = P (replace both parity modules in the bank) 
0001 = 0 
0002 = 1 0400 = 10 
0004 = 2 0800 = 11 
0008 = 3 1000 = 12 
0010 = 4 2000 = 13 
0020 = 5 4000 = 14 
0040 = 6 8000 = 15 
0080 = 7 
0100 = 8 
0200 = 9 

Type 2 AT Motherboard 

Only one bank vertically aligned (Bank 0) 

[ 7] [15] 
[ 6] [14] 
[ 5J [13] 
[ 4] [12] 
[ 3] [11] 
[ 2] [10] 
[ 1] [9] 
[ 0] [8] 
[ P] [ P] 

Byte Address Bank # 

000000 to 07FFFF = Bank 0 

All other memory is on a memory adapter card in one or more of the 
slots. 
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Fixed Disk Parameter Tables 
When you're adding a hard disk to any system, the physical 
installation is the easiest part of the job. In fact, installing a hard 
disk is much easier than installing a floppy disk drive. But in order 
for the physical installation to work for you, you need to ensure that 
the system "knows" what type of drive you have installed. The 
several ways of knowing are discussed in Chapter 9. Here, you can 
examine lists of the preexisting hard disk drive tables found in all 
IBM systems to date. These tables are found in the controller card 
for the XT and in the motherboard ROM BIOS for any other system. 
The following charts list the XT controller tables and the 
motherboard ROM BIOS tables for IBM systems. If your system is a 
compatible of some type, this information mayor may not match 
that given here. You will need to look up this type of information in 
your system's technical reference manual to be sure. 

PC and XT 

During the years that IBM sold the XT system, the company used 
two different ROM programs in the controllers. The two controllers 
are considered different due to the different ROM, even though 
physically they are the same thing. The controller IBM used was a 
Xebec Corporation Model 1210 hard disk controller, which IBM called 
the 10M Fixed Disk controller, or the 20M Fixed Disk controller, 
depending on the ROM used. Although different in other ways, the 
two ROMs are functionally identical except for the built-in drive 
parameter tables. These tables are four entries long, which limits the 
number of different types of drives that you can install on these 
controllers without resorting to modifying the ROM to change the 
tables. 

IBM supplied the first version (labeled 10M Fixed Disk controller) 
with any XT systems that used the XT Type 1 (64/256K) 
motherboard, including IBM XT Models 5160 -068, -078, -086, and 
-087. The second version (labeled 20M Fixed Disk controller) was 
supplied with XT systems that used the XT Type 2 (256/640K) 
motherboard, including IBM XT Models 5160 -267, -268, -277, -278, 
-088, and -089. The tables found in these controllers follow: 
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IBM 10M Fixed Disk Controller (Xebec 1210) 

Table Disk Write Landing Capacity 
Entry Type Cyl Heads Precomp Zone Megabytes 

0 306 2 0 5 
1 375 8 0 26 
2 306 6 256 15 
3 306 4 0 10 

IBM 20M Fixed Disk Controller (Xebec 1210) 

Table Disk Write Landing Capacity 
Entry Type Cyl Heads Precomp Zone Megabytes 

0 1 306 4 0 305 10 
1 16 612 4 0 663 21 
2 2 615 4 300 615 21 
3 13 306 8 128 319 21 

AT 

The IBM AT type of fixed disk parameter table is found in the ROM 
BIOS chips on the motherboard. These tables were only 15 entries 
long in the first AT version IBM released but were extended in later 
versions. IBM extended the possible number of entries to 47 (15 + 
32) in the later model AT and any AT types of systems introduced 
so far. Provisions are built-in for extending the table to 255 entries, 
but IBM has not yet used up 47. I note this because some 
compatible vendors may take advantage of this "extra room." 

As IBM has introduced more systems, the newer systems often have 
added to the existing table entries but never have changed the 
values of any previous ones. Thus, a Type 9 drive has the same 
meaning in the original AT as it does in the Model 80. The legend 
indicates what each column of data represents. In the table that 
follows, the information to the left of the vertical line is that which is 
actually stored in the table, and I have calculated the size 
information to the right of the line. Also note that this table includes 
all systems with ROM BIOS dates up to 04/18/88 (PS/2 Model 502). 
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Explanations of the column headings for this table follow: 

Type: The drive type by number for table selection 


Cyl: Total number of cylinders (or vertically aligned tracks) 


Hd: Total number of heads (or tracks per cylinder) 


WPC: Write precompensation starting cylinder 


Ctrl: Control byte. Has values according to this table: 


Bit 0 Not used 
Bit 1 Not used 
Bit 2 Not used 
Bit 3 More than 8 heads 
Bit 4 Not used 
Bit 5 OEM defect map present at max. cyl. + 1 
Bit 6 Disable retries 
Bit 7 Disable retries 

LZ: Landing zone cylinder for head parking 

SIT: Number of sectors per track 

Meg: Capacity in megabytes 

Mb: Actual drive capacity in millions of bytes 

IBM PC AT Fixed Disk Parameter Table 

Type Cyl Hd WPC Ctrl 1Z SIT Meg Mb Notes 

1 306 4 128 OOh 305 17 10.16 10.65 
2 615 4 300 OOh 615 17 20.42 21.41 
3 615 6 300 OOh 615 17 30.63 32.12 
4 940 8 512 OOh 940 17 62.42 65.45 
5 940 6 512 OOh 940 17 46.82 49.09 
6 615 4 65535 OOh 615 17 20.42 21.41 
7 462 8 256 OOh 511 17 30.68 32.17 
8 733 5 65535 OOh 733 17 30.42 31.90 
9 900 15 65535 08h 901 17 112.06 117.50 More than 8 heads 
10 820 3 65535 OOh 820 17 20.42 21.41 
11 855 5 65535 OOh 855 17 35.49 37.21 
12 855 7 65535 OOh 855 17 49.68 52.09 
13 306 8 128 OOh 319 17 20.32 21.31 
14 733 7 65535 OOh 733 17 42.59 44.66 
15 0 0 0 OOh 0 0 0 0 Reserved (Do Not Use) 

End Table 01/10/84 AT 
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IBM PC AT Fixed Disk Parameter Table-continued 

Type Cyl Hd WPC Ctrl LZ SIT [ Meg Mb Notes 

16 612 4 0 OOh 663 17 20.32 21.31 
17 977 5 300 OOh 977 17 40.55 42.52 
18 977 7 65535 OOh 977 17 56.77 59.53 
19 1024 7 512 OOh 1023 17 59.50 62.39 
20 733 5 300 OOh 732 17 30.42 31.90 
21 733 7 300 OOh 732 17 42.59 44.66 
22 733 5 300 OOh 733 17 30.42 31.90 

End Table 06/10/85 AT 
23 306 4 0 OOh 336 17 10.16 10.65 

End Table 11115185 AT 
24 612 4 305 OOh 663 17 20.32 21.31 

End Table 04/21/86 XT 286 
25 306 4 65535 OOh 340 17 10.16 10.65 
26 612 4 65535 OOh 670 17 20.32 21.31 

End Table 12/12/86 PS/2 30 
27 698 7 300 20h 732 17 40.56 42.53 Defect map (Cyl + 1) 
28 976 5 488 20h 977 17 40.51 42.48 Defect map (Cyl + 1) 
29 306 4 0 OOh 340 17 10.16 10.65 
30 611 4 306 20h 663 17 20.29 21.27 Defect map (Cyl + 1) 
31 732 7 300 20h 732 17 42.53 44.60 Defect map (Cyl + 1) 
32 1023 5 65535 20h 1023 17 42.46 44.52, Defect map (Cyl + 1) 

End Table 10/07/87 PS/2 80 
33 614 4 65535 20h 663 25 29.98 31.44 Defect map (Cyl + 1) 

End Table 04/18/88 PS/2 50Z 
34 0 0 0 OOh 0 0 0 0 Unused (Reserved) 
35 0 0 0 OOh 0 0 0 0 Unused (Reserved) 
36 0 0 0 OOh 0 0 0 0 Unused (Reserved) 
37 0 0 0 OOh 0 0 0 0 Unused (Reserved) 
38 0 0 0 OOh 0 0 0 0 Unused (Reserved) 
39 0 0 0 OOh 0 0 0 0 Unused (Reserved) 
40 0 0 0 OOh 0 0 0 0 Unused (Reserved) 
41 0 0 0 OOh 0 0 0 0 Unused (Reserved) 
42 0 0 0 OOh 0 0 0 0 Unused (Reserved) 
43 0 0 0 OOh 0 0 0 0 Unused (Reserved) 
44 0 0 0 OOh 0 0 0 0 Unused (Reserved) 
45 0 0 0 OOh 0 0 0 0 Unused (Reserved) 
46 0 0 0 OOh 0 0 0 0 Unused (Reserved) 
47 0 0 0 OOh 0 0 0 0 Unused (Reserved) 

POST and Diagnostics Error Codes 
The personal computer error codes for the POST, general 
diagnostics, and advanced diagnostics are represented with the 
device number followed by two digits other than 00. The device 
number plus 00 indicates successful completion of the test. This 
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listing is a compilation from various sources including IBM technical 
reference manuals and IBM hardware maintenance service manuals. 
The messages are listed verbatim, according to the way they will be 
displayed. 

Code Description 

01x Undetermined problem errors. 

02x Power supply errors. 

lxx System Board Errors. 
101 System Board Error; Interrupt failure. 
102 System Board Error; Timer failure. 
103 System Board Error; Timer interrupt failure. 
104 System Board Error; Protected mode failure. 
105 System Board Error; Last 8042 command not accepted. 
106 System Board Error; Converting logic test. 
107 System Board Error; Hot Non Maskable Interrupt test. 
108 System Board Error; Timer bus test. 
109 System Board Error; Memory select error. 
110 PS/2 System Board Error; Parity check error. 
111 PS/2 Memory adapter error. 
112 PS/2 MicroChannel arbitration error. 
113 PS/2 MicroChannel arbitration error. 
121 Unexpected hardware interrupts occurred. 
131 PC system board cassette port wrap test failure. 
161 System Options Not Set-(Run SETUP); Dead battery. 
162 System Options Not Set-(Run SETUP); CMOS checksum/ 

configuration error. 
163 Time & Date Not Set-(Run SETUP); Clock not updating. 
164 Memory Size Error-(Run SETUP); CMOS setting does not 

match memory. 
165 PS/2 System options not set. 
166 PS/2 Micro Channel adapter time-out error. 
199 User indicated INSTALLED DEVICES list is not correct. 

2xx Memory (RAM) errors. 
201 Memory test failure, error location will be displayed in 

hexadecimal. 
202 Memory address error, address lines 00-15. 
203 Memory address error, address lines 16-23. 
215 PS/2 Motherboard memory failure. 
216 PS/2 Motherboard memory failure. 

3xx Keyboard errors. 
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Code Description 

301 Keyboard did not respond to software reset or a stuck key 
failure was detected. If a stuck key was detected, the 
scan code for the key is displayed in hexadecimal. 

302 System Unit Keylock is Locked. 

303 Keyboard Or System Unit Error. 

304 Keyboard Or System Unit Error; Keyboard clock high. 

305 PS/2 Keyboard fuse (on system board) error. 


4xx Monochrome Display Adapter (MDA) errors. 

4xx PS/2 System board parallel port errors. 

401 Monochrome memory test, horizontal sync frequency test, 


or video test failure. 
401 PS/2 System board parallel port failure. 
408 User indicated display attributes failure. 
416 User indicated character set failure. 
424 User indicated 80x25 mode failure. 
432 Parallel port test failure; monochrome display adapter. 

5xx Color Graphics Adapter (CGA) errors. 
501 CGA memory test, horizontal sync frequency test, or video 

test failure. 
508 User indicated display attribute failure. 
516 User indicated character set failure. 
524 User indicated 80x25 mode failure. 
532 User indicated 40x25 mode failure. 
540 User indicated 320x200 graphics mode failure. 
548 User indicated 640x200 graphics mode failure. 

6xx Floppy drive/adapter errors. 

601 Floppy drive/adapter Power On Self Test failure. 

602 Drive test failure; disk boot record is not valid. 

606 Disk changeline function failure; drive error. 

607 Disk is write protected; drive error. 

608 Bad command; drive error. 

610 Disk initialization failure; track 0 bad. 

611 Time-out; drive error. 

612 Bad Controller chip. 

613 Bad Direct Memory Access; drive error. 

614 Bad Direct Memory Access; boundary overrun. 

615 Bad index timing; drive error. 

616 Drive speed error. 

621 Bad seek; drive error. 
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Code Description 

622 Bad Cyclic Redundancy Check; drive error. 

623 Record not found; drive error. 

624 Bad address mark; drive error. 

625 Bad Controller chip; seek error. 

626 Disk data compare error. 


7xx 8087, 80287, or 80387 math coprocessor errors. 


9xx Parallel printer adapter errors. 

901 Parallel printer adapter test failure. 


10xx Alternate parallel printer adapter errors. 

1001 Alternate parallel printer adapter test failure. 


llxx Asynchronous communications adapter errors. 

llxx PS/2 System board async port errors. 

1101 Asynchronous communications adapter test failure. 

1102 PS/2 System board async port or serial device error. 

1106 PS/2 System board async port or serial device error. 

1107 PS/2 System board async port or serial cable error. 

1108 PS/2 System board async port or serial device error. 

1109 PS/2 System board async port or serial device error. 

1112 PS/2 System board async port error. 

1118 PS/2 System board async port error. 

1119 PS/2 System board async port error. 


12xx Alternate asynchronous communications adapter errors. 

12xx PS/2 Dual async adapter error. 

1201 Alternate asynchronous communications adapter test 


failure. 
1202 PS/2 Dual async adapter or serial device error. 
1206 PS/2 Dual async adapter or serial device error. 
1207 PS/2 Dual async adapter or serial cable error. 
1208 PS/2 Dual async adapter or serial device error. 
1209 PS/2 Dual async adapter or serial device error. 
1212 PS/2 Dual async adapter or system board error. 
1218 PS/2 Dual async adapter or system board error. 
1219 PS/2 Dual async adapter or system board error. 
1227 PS/2 Dual async adapter or system board error. 
1233 PS/2 Dual async adapter or system board error. 
1234 PS/2 Dual async adapter or system board error. 
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Code 

13xx 
1301 
1302 

14xx 

15xx 

1510 
1511 
1512 
1513 
1514 
1515 
1516 
1517 
1518 
1519 
1520 
1521 
1522 
1523 
1524 
1525 
1526 
1527 
1528 
1529 
1530 
1531 
1532 
1533 
1534 
1536 
1537 
1538 
1539 
1540 
1541 
1542 
1547 

Description 

Game control adapter errors. 
Game control adapter test failure. 
Joy-stick test failure. 

Matrix Printer errors. 

Synchronous data link control (SDLC) communications 
adapter errors. 

8255 port B failure. 
8255 port A failure. 
8255 port C failure. 
8253 timer 1 did not reach terminal count. 
8253 timer 1 stuck on. 
8253 timer 0 did not reach terminal count. 
8253 timer 0 stuck on. 
8253 timer 2 did not reach terminal count. 
8253 timer 2 stuck on. 
8273 port B error. 
8273 port A error. 
8273 command/read time-out. 
Interrupt level 4 failure. 
Ring Indicate stuck on. 
Receive clock stuck on. 
Transmit clock stuck on. 
Test indicate stuck on. 
Ring indicate not on. 
Receive clock not on. 
Transmit clock not on. 
Test indicate not on. 
Data set ready not on. 
Carrier detect not on. 
Clear to send not on. 
Data set ready stuck on. 
Clear to send stuck on. 
Level 3 interrupt failure. 
Receive interrupt results error. 
Wrap data compare error. 

Direct Memory Access channell error. 

Direct Memory Access channel 1 error. 

Error in 8273 error checking or status reporting. 

Stray interrupt level 4. 
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Code 

1548 
1549 

16xx 

17xx 
1701 
1702 
1703 
1704 
1780 
1781 
1782 
1790 
1791 

18xx 
1801 
1810 
1811 
1812 
1813 
1814 
1815 
1816 
1817 
1818 
1819 
1820 
1821 

19xx 

20xx 
2010 
2011 
2012 
2013 
2014 
2015 

2017 
2018 

Description 

Stray interrupt level 3. 

Interrupt presentation sequence time-out. 


Display emulation errors (327x, 5520, 525x). 


Fixed disk errors. 

Fixed disk POST error. 

Fixed disk adapter error. 

Fixed disk drive error. 

Fixed disk adapter or drive error. 

Fixed disk 0 failure. 

Fixed disk 1 failure. 

Fixed disk controller failure. 

Fixed disk 0 error. 

Fixed disk 1 error. 


110 expansion unit errors. 

110 expansion unit POST error. 

EnablelDisable failure. 

Extender card wrap test failure; disabled. 

High order address lines failure; disabled. 

Wait state failure; disabled. 

Enable/Disable could not be set on. 

Wait state failure; disabled. 

Extender card wrap test failure; enabled. 

High order address lines failure; enabled. 

Disable not functioning. 

Wait request switch not set correctly. 

Receiver card wrap test failure. 

Receiver high order address lines failure. 


3270 PC attachment card errors. 


Binary synchronous communications (BSC) adapter errors. 

8255 port A failure. 

8255 port B failure. 

8255 port C failure. 

8253 timer 1 did not reach terminal count. 

8253 timer 1 stuck on. 

8253 timer 2 did not reach terminal count or timer 2 


stuck on. 
8251 Data set ready failed to come on. 
8251 Clear to send not sensed. 
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Code Description 

2019 8251 Data set ready stuck on. 
2020 8251 Clear to send stuck on. 
2021 8251 hardware reset failure. 
2022 8251 software reset failure. 
2023 8251 software "error reset" failure. 
2024 8251 transmit ready did not come on. 
2025 8251 receive ready did not come on. 
2026 8251 could not force "overrun" error status. 
2027 Interrupt failure; no timer interrupt. 
2028 Interrupt failure; transmit, replace card or planar. 
2029 Interrupt failure; transmit, replace card. 
2030 Interrupt failure; receive, replace card or planar. 
2031 Interrupt failure; receive, replace card. 
2033 Ring indicate stuck on. 
2034 Receive clock stuck on. 
2035 Transmit clock stuck on. 
2036 Test indicate stuck on. 
2037 Ring indicate stuck on. 
2038 Receive clock not on. 
2039 Transmit clock not on. 
2040 Test indicate not on. 
2041 Data set ready not on. 
2042 Carrier detect not on. 
2043 Clear to send not on. 
2044 Data set ready stuck on. 
2045 Carrier detect stuck on. 
2046 Clear to send stuck on. 
2047 Unexpected transmit interrupt. 
2048 Unexpected receive interrupt. 
2049 Transmit data did not equal receive data. 
2050 8251 detected overrun error. 
2051 Lost data set ready during data wrap. 
2052 Receive time-out during data wrap. 

21xx Alternate binary synchronous communications adapter 
errors. 

2110 8255 port A failure. 
2111 8255 port B failure. 
2112 8255 port C failure. 
2113 8253 timer 1 did not reach terminal count. 
2114 8253 timer 1 stuck on. 
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Code 

2115 

2117 
2118 
2119 
2120 
2121 
2122 
2123 
2124 
2125 
2126 
2127 
2128 
2129 
2130 
2131 
2133 
2134 
2135 
2136 
2137 
2138 
2139 
2140 
2141 
2142 
2143 
2144 
2145 
2146 
2147 
2148 
2149 
2150 
2151 
2152 

22xx 

24xx 

Description 

8253 timer 2 did not reach terminal count or timer 2 
stuck on. 

8251 Data set ready failed to come on. 
8251 Clear to send not sensed. 

8251 Data set ready stuck on. 

8251 Clear to send stuck on. 

8251 hardware reset failure. 

8251 software reset failure. 

8251 software "error reset" failure. 

8251 transmit ready did not come on. 

8251 receive ready did not come on. 

8251 could not force "overrun" error status. 

Interrupt failure; no timer interrupt. 

Interrupt failure; transmit, replace card or planar. 

Interrupt failure; transmit, replace card. 

Interrupt failure; receive, replace card or planar. 

Interrupt failure; receive, replace card. 

Ring indicate stuck on. 

Receive clock stuck on. 

Transmit clock stuck on. 

Test indicate stuck on. 

Ring indicate stuck on. 

Receive clock not on. 

Transmit clock not on. 

Test indicate not on. 

Data set ready not on. 

Carrier detect not on. 

Clear to send not on. 

Data set ready stuck on. 

Carrier detect stuck on. 

Clear to send stuck on. 

Unexpected transmit interrupt. 

Unexpected receive interrupt. 

Transmit Data did not equal receive data. 

8251 detected overrun error. 

Lost data set ready during data wrap. 

Receive time-out during data wrap. 


Cluster adapter errors. 


Enhanced Graphics Adapter (EGA) errors. 
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Code Description 

24xx PS/2 System board Video Graphics Array (VGA) errors. 

26xx XT/370 errors. 

27xx AT/370 errors. 

28xx 3278/79 emulation adapter errors. 

29xx Color/graphics printer errors. 

30xx Primary PC Network adapter errors. 
3001 Processor test failure. 
3002 ROM checksum test failure. 
3003 Unit ID PROM test failure. 
3004 RAM test failure. 
3005 Host Interface Controller test failure. 
3006 + / - 12v test failure. 
3007 Digital loopback test failure. 
3008 Host detected Host Interface Controller failure. 
3009 Sync failure and no Go bit. 
3010 Host Interface Controller test OK and no Go bit. 
3011 Go bit and no Command 41. 
3012 Card not present. 
3013 Digital failure; fall through. 
3015 Analog failure. 
3041 Hot carrier; not this card. 
3042 Hot carrier; this card! 

31xx Secondary PC Network adapter errors. 
3101 Processor test failure. 
3102 ROM checksum test failure. 
3103 Unit ID PROM test failure. 
3104 RAM test failure. 
3105 Host Interface Controller test failure. 
3106 + / - 12v test failure. 
3107 Digitalloopback test failure. 
3108 Host detected Host Interface Controller failure. 
3109 Sync failure and no Go bit. 
3110 Host Interface Controller test OK and no Go bit. 
3111 Go bit and no Command 41. 
3112 Card not present. 
3113 Digital failure; fall through. 
3115 Analog failure. 
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Code Description 

3141 Hot carrier; not this card. 

3142 Hot carrier; this card! 


33xx Compact printer errors. 


36xx General Purpose Interface Bus (GPIB) adapter errors. 


38xx Data acquisition adapter errors. 


39xx Professional graphics controller errors. 


71xx Voice communications adapter errors. 


73xx 3.5" external diskette drive errors. 

7306 Disk changeline function failure; drive error. 

7307 Disk is write protected; drive error. 

7308 Bad command; drive error. 

7310 Disk initialization failure; track 0 bad. 

7311 Time-out; drive error. 

7312 Bad Controller chip. 

7313 Bad Direct Memory Access; drive error. 

7314 Bad Direct Memory Access; boundary overrun. 

7315 Bad index timing; drive error. 

7316 Drive speed error. 

7321 Bad seek; drive error. 

7322 Bad Cyclic Redundancy Check; drive error. 

7323 Record not found; drive error. 

7324 Bad address mark; drive error. 

7325 Bad Controller chip; seek error. 


74xx IBM PS/2 Display adapter (VGA card) errors. 


85xx IBM Expanded Memory Adapter (XMA) errors. 


86xx PS/2 Pointing device errors. 

8601 PS/2 Pointing device error. 

8602 PS/2 Pointing device error. 

8603 PS/2 Pointing device error or System board failure. 


89xx Music feature card errors. 


100xx PS/2 Multiprotocol adapter errors. 

10002 PS/2 Multiprotocol adapter or serial device error. 

10006 PS/2 Multiprotocol adapter or serial device error. 

10007 PS/2 Multiprotocol adapter or communications cable error. 

10008 PS/2 Multiprotocol adapter or serial device error. 
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Code Description 

10009 PS/2 Multiprotocol adapter or serial device error. 
10012 PS/2 Multiprotocol adapter or system board error. 
10018 PS/2 Multiprotocol adapter or system board error. 
10019 PS/2 Multiprotocol adapter or system board error. 
10042 PS/2 Multiprotocol adapter or system board error. 
10056 PS/2 Multiprotocol adapter or system board error. 

104xx PS/2 ESDI Fixed disk errors. 
10480 PS/2 ESDI Fixed disk 0 failure. 
10481 PS/2 ESDI Fixed disk 1 failure. 
10482 PS/2 ESDI Fixed disk controller failure. 
10483 PS/2 ESDI Fixed disk controller failure. 
10490 PS/2 ESDI Fixed disk 0 error. 
10491 PS/2 ESDI Fixed disk 1 error. 

IBM Technical Manuals 
and Updates 
IBM provides extensive documentation to help troubleshooters and 
people responsible for upgrading and repairing any system. These 
manuals are grouped mainly in two categories: technical reference 
manuals and hardware maintenance service manuals. You purchase 
these manuals in a basic form and then update them to reflect 
changes in the newer systems as they are introduced. 

All the manuals together with the updates present a bewildering 
array of documentation-not to mention expensive. If you are 
interested in obtaining any of this documentation, this section will 
be extremely useful. All the available manuals and updates are 
listed, with part numbers and prices included. Each manual type is 
also explained, and the information you need to order this 
documentation is given. 

Software Reference Manuals 
The following chart provides information on IBM software reference 
manuals: 
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Part 
Description Number Price 

BASIC Reference Version 3.30 6280189 45.00 
DOS Technical Reference Version 3.30 6280059 85.00 
IBM OSI2 Technical Reference Version 1.0 6280201 200.00 

The BASIC Reference Version 3.30 manual explains how to use the 
BASIC Interpreter for the IBM PC and contains the syntax and 
semantics of every command, statement, and function in the three 
versions of BASIC: Cassette, Disk, and Advanced. 

In addition to the reference material, chapters are included on BASIC 
programming concepts and the BASIC program editor. Other 
chapters describe data representation, file names, and input and 
output features. Updated with each version of DOS, this manual also 
contains a chapter that describes the most recent enhancements. 

The DOS Technical Reference Version 3.30 manual is the reference 
for the IBM PC Disk Operating System (DOS) and is intended for 
experienced DOS users, system programmers, and application 
developers. Included is information about the structure, facilities, 
and program interfaces of DOS. 

Chapter information includes control blocks, memory management, 
disk allocation, interrupts and function calls, and file structure and 
loading. This package contains DOS utilities on a 3 112-inch and a 
5 1I4-inch disk and a quick-reference card. 

The IBM OS/2 Technical Reference Version 1.0 manual is the 
reference for the IBM OS/2 and is intended for· experienced users, 
system programmers, and application developers. This manual 
describes the OS/2 interfaces and the architecture, control structures, 
data structures, and I/O formats necessary to understand and use 
them. 

Guide to Operations and Ouick­
Reference Manuals 
The following chart provides information on the guide to operations 
and quick-reference manuals: 
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Description Part Number Form Number Price 

Personal System/2 

Model 25 75X1051 S75X-1051 24.00 
Model 30 68X2230 S68X-2230 45.00 
Model 50 68X2247 S68X-2247 45.00 
Model 60 68X2213 S68X-2213 45.00 
Model 80 68X2284 S68X-2284 45.00 

Personal Computer 

AT 6280066 49.50 
AT Model 339 6280102 80.00 
PC 6322510 50.00 
PC Convertible 6280629 65.00 
PCjr 1502292 21.25 
Portable PC 6936571 66.75 
XT 6322511 50.00 
XT Models 089, 268, 6280085 80.00 

278 
XT Model 286 6280147 65.00 

The guide to operations and quick-reference manuals contain 
instructions for system operation, testing, relocation, and option 
installation. A diagnostic disk is included. 

The PS/2 Hardware Maintenance Library 
(Excluding the Models 25 and 30) 
The following chart provides information on the hardware 
maintenance manuals: 
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Description 

PS/2 Hardware Maintenance Service 

Models 50 and 60 

Supplements to 68X2222: 

Display Adapter 8514/A 
Model 80 
Model 80-111, -311 
30011200 Internal ModemlA 
5.25-Inch External Diskette Drive 
80286 Expanded Memory 

Adapter/A 

PS/2 Hardware Maintenance Reference 

Models 50 and 60 

Supplements to 68X2221: 

Color Display 8514 
Display Adapter 8514/A 
Model 80 
Model 80-111, -311 
300/1200 Internal ModemlA 
5.25-Inch External Diskette 

Drive 

80286 Expanded Memory 


Adapter/A 


Part Number 

68X2222 

68X2250 
68X2255 
68X2286 
68X2274 
68X2273 

75Xll07 

68X2221 

68X2218 
68X2249 
68X2254 
68X2287 

Form Number 

S68X-2222 

S68X-2250 
S68X-2255 
S68X-2286 
S68X-2274 
S68X-2273 

SA23-1032 

S68X-2221 

S68X-2218 
S68X-2249 
S68X-2254 
S68X-2287 

(Included in 68X2274) 

(Included in 68X2273) 

(Included in 75Xll07) 

The PS/2 (except Models 25 and 30) hardware maintenance library 
consists of a two-pan set of manuals. The library is intended for 
trained service representatives. 

The PS/2 Hardware Maintenance Service contains all the information 
necessary for you to diagnose a failure. Maintenance Analysis 
Procedures (MAPs), the pans catalog, and reference disks containing 
the advanced diagnostics tests are in this manual. 

The PS/2 Hardware Maintenance Reference contains product 
descriptions, Field Replaceable Unit (FRU) locations and removal 
procedures, and information about the diagnostic programs. 

Price 

175.00 

6.00 
75.00 
75.00 
12.00 
10.00 

22.75 

125.00 

6.00 
6.00 

50.00 
50.00 
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To maintain an accurate library, you should add all available 
supplements. (The PS/2 Model 25 and Model 30 supplements update 
the PC maintenance library.) 

The Personal Computer Hardware 
Maintenance Library ('ncluding the PS/2 
Models 25 and 30) 
The following chart provides information on the personal computer 
(including the PS/2 Models 25 and 30): 

Description 

PC Hardware Maintenance Service 

PC, XT, AT, and Portable 

Supplements to 6280087: 

AT Model 339 
Display Adapter 
PC Music Feature 
Personal Systeml2 Model 25 
Personal Systeml2 Model 30 
XT Model 286 
XT Models 089, 268, 278 
2M Expanded Memory Adapter 
3.5-Inch External Diskette Drive 
3.5-Inch Internal Diskette Drive 
S.2S-Inch External Diskette Drive 

Part Number 

6280087 

6280139 
68X2216 
75XI049 
75XI054 
68X2202 
68X2211 
6280109 
74X9923 
6280111 
6280159 
68X2273 

Form Number Price 

S229-9603 195.00 

SS34-0001 9.95 
S68X-2216 30.00 
SA23-1029 41.50 
SA23-1201 33.00 
S68X-2202 30.00 
SS34-0021 9.95 
SN32-8202 9.95 
SA23-1031 53.75 
SS34-0005 10.00 
SS34-003 5.95 
S68X-2273 10.00 
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Description 

PC Hardware Maintenance Reference 

PC, XT, AT, and Portable 

Supplements to 6280088: 

AT Model 339 
Color Display 8514 
Display Adapter 
Personal Systeml2 Model 25 
Personal Systeml2 Model 30 
XT Model 286 
XT Models 089, 268, 278 
3.5-Inch External Diskette Drive 
3.5-Inch Internal Diskette Drive 
5.25-Inch External Diskette Drive 

Part Number 

6280088 

6280138 
68X2218 
68X2238 
75Xl059 
68X2203 
68X2212 
6280108 

Form Number 

S229-9604 


SS34-0002 

S68X-2218 

S68X-2238 

SA23-1200 

S68X-2203 

SS34-0022 

SN32-8203 


(Included in 68X2203) 
6280160 SS34-0004 

(Included in 68X2273) 

This hardware maintenance library consists of a two-part set of 
manuals. It is intended for trained service representatives. 

The PC Hardware Maintenance Service contains all the information 
necessary for you to diagnose a failing system. Maintenance 
Analysis Procedures (MAPs), jumper positions switch settings, a 
parts catalog, and diskettes containing the advanced diagnostics are 
in this manual. 

The PC Hardware Maintenance Reference contains general 
information about the systems. This manual also describes the 
diagnostic procedures and Field Replaceable Unit (FRU) location, 
adjustment, and removal. 

To maintain an accurate library, you should add all available 
supplements. 

Hardware Maintenance Service Manuals 
The following chart provides information on the hardware 
maintenance service manuals: 

Price 

150.00 

5.95 
6.00 
6.00 
9.00 

10.00 
9.95 
5.95 

5.95 
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Description Part Number Form Number Price 

Color Printer 68X2237 S68X-2237 23.24 

Graphics and Compact Printer 6280079 S229-9600 23.25 

PC Convertible 6280641 SA23-1046 150.00 

Supplement to 6280641: 

Speech Adapter 59X9964 SN20-9817 23.00 

PCjr 1502294 ZR28-0498 88.00 

These single-volume manuals provide the information needed for you 
to isolate and replace any Field Replaceable Unit (FRU). The Color 
Printer manual and the Graphics and Compact Printer manual are 
designed to be used with the system maintenance manuals. 

You can use the following empty binders to store the hardware 
maintenance supplements. 

Description Part Number Form Number Price 

Empty HMS (Service) Binder 1502561 S229-9605 7.25 
Empty HMR (Reference) Binder 01F0200 SOlF-0200 17.00 

Hardware Technical Reference Library 
The several listings that follow provide system-specific hardware 
and software interface information for the IBM PC and PS/2 
products. These manuals are intended for developers who provide 
hardware and software products to operate with these systems. The 
library is divided into system. options and adapters. and BIOS 
interface publications. 

System Technical Reference Manuals 

The following chart provides information on the system technical 
reference manuals: 
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Description 

PC Convertible 

Supplements to 6280648: 

Speech Adapter 

256K Memory and Enhanced 


Modem 


PCjr 

Personal Computer 

Personal Computer AT 

Supplements to 6280070: 

Personal Computer AT Model 339 
Personal Computer XT 

and Portable 
Personal Computer XT Model 286 
Personal Systeml2 Model 25 
Personal Systeml2 Model 30 
Personal Systeml2 Models 

50 and 60 

Personal Systeml2 Model 80 


Supplements to 68X2256: 

Model 80-111, -311 

Part Number 

6280648 

59X9965 

75Xl035 

1502293 

6322507 

6280070 

6280099 

6280089 
68X2210 
75Xl055 
68X2210 

68X2224 
68X2256 

68X2285 

Form Number 

SA23-1047 

S229-9609 

S229-9610 

S229-9611 

S229-9608 

S229-9607 
S229-9615 
SA23-1202 
S68X-2201 

S68X-2224 
S68X-2256 

S68X-2285 

These publications provide interface and design information for the 
system units. Information is included for the system board, math 
coprocessor, power supply, video subsystem, keyboard, instruction 
sets, and other features of the system. 

Options and Adapters Technical Reference 
Manuals 

The following charts provide information on the options and 
adapters technical reference manuals: 

Price 

75.00 

23.00 

5.20 

35.00 

30.00 

105.00 

49.75 

49.75 
50.00 
28.75 
75.00 

125.00 
125.00 

6.00 
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Description Part Number Form Number Price 

Options and Adapters 6322509 S229-9612 125.00 
Technical Reference 

Includes 

Asynchronous Communications 

Adapter 


Bisynchronous Communications 

Adapter 


Cluster Adapter 

Color Display 

Color/Graphics Monitor Adapter 

Color Printer 

Expansion Unit 

Fixed Disk Drive Adapter 

Game Control Adapter 

Graphics Printer 

Monochrome Display 

Monochrome/Printer Adapter 

Printer Adapter 

SDLC Adapter 

Slimline Diskette Drive 

10M Fixed Disk Drive 

5.25-Inch Diskette Drive 

5.25-Inch Diskette Drive Adapter 

64/256K Memory Option 


Description Part Number Form Number Price 

Engineering/Scientific 6280133 SS34-009 27.95 

Includes 

Data Acquisition and Control 
(DAC) Adapter 


DAC Distribution Panel 

General Purpose Interface 


Bus Adapter 

Professional Graphics Controller 

Professional Graphics Display 
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Description 

Personal Computer AT 

Includes 

Double-Sided Diskette Drive 
Fixed Disk and Diskette 

Drive Adapter 
High-Capacity Diskette Drive 
Serial/Parallel Adapter 
128K Memory Expansion Option 
20M Fixed Disk Drive 
512K Memory Expansion Option 

Description 

Communications 

Dual Async Adapter/A 

(Second Edition) 


Multiprotocol Adapter/A 

(Second Edition) 


300/1200 Internal Modem/ A 

Description 

Diskette and Fixed Disk 

Double-Sided Diskette Drive 
(Half-Height) 

Fixed Disk Drive Adapter/A 

Fixed Disk Drive Adapter/A, ESDI 

Fixed Disk and Diskette Drive 
(XT 286) 

20M Fixed Disk 
(XT Models 089, 268, 278, 286) 

Fixed Disk Adapter 
(XT Models 089, 268, 278) 

3.5-Inch External Diskette Drive 

3.5-Inch External Diskette 
Drive Adapter 

Part Number 

6280134 

Part Number 

68X2315 

68X2316 

68X2275 

Part Number 

6280093 

68X2226 

68X2234 

68X2215 

68X2208 

6280092 

59X9945 

59X9946 

Form Number Price 

SS34-0010 9.95 

Form Number Price 

S68X-2315 6.00 

S68X-2316 12.00 

S68X-2275 6.00 

Form Number Price 

SS34-0016 5.95 

S68X-2226 12.00 

S68X-2234 12.00 

SS34-031 6.00 

SS34-0019 7.00 

SS34-0015 5.95 

5.95 

5.95 
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Description Part Number Form Number Price 

Diskette and Fixed Disk-continued 
3.5-Inch 20M Fixed Disk Drive 

(Model 30) 
68X2205 S68X-2205 6.00 

3.5-Inch 20M Fixed Disk Drive 
(Model 50) 

68X2219 S68X-2219 10.00 

3.5-Inch 720Kl1.44M Diskette 
Drives 

68X2225 S68X-2225 6.00 

30M Fixed Disk Drive 68X2310 S68X-2310 5.95 

44M Fixed Disk Drive 
(Second Edition) 

68X2317 S68X-2317 6.00 

5.25-Inch External Diskette 
Drive 

68X2272 S68X-2272 10.00 

701115/314M Fixed Disk Drives 68X2236 S68X-2236 6.00 

Description Part Number Form Number Price 

Displays 

Personal System/2 
Color Display 8514 

68X2214 S68X-2214 6.00 

Personal Systeml2 
Display Adapter 

68X2251 S68X-2251 10.00 

Personal System/2 
Display Adapter 85141A 

68X2248 S68X-2248 10.00 

Personal System/2 Displays 68X2206 S68X-2206 6.00 

Includes 

Color 8512 
Color 8513 
Monochrome 8503 

Enhanced Graphics Adapter 6280131 SS34-0007 9.95 

Includes 

Enhanced Color Display 
Graphics Memory Expansion Card 
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Description 

Memory 

128/640K Memory Adapter 

2M Expanded Memory Adapter 

265K Memory Expansion 

512K12M Memory Adapter 

80286 Expanded Memory Adapter/ A 

80286 Memory Expansion Option 

80386 Memory Expansion Option 

Description 

Other 

Binder, Options, and Adapter 

(empty) 


Mouse 


PC Music Feature 


Personal System/2 

Speech Adapter 


Voice Communications Adapter 

Part Number 

1502554 

75Xl086 

6280132 

6183075 

75Xll09 

68X2227 

68X2257 

Part Number 

6280115 

68X2229 

75Xl048 

68X2207 

55X8864 

Form Number 

SS34-0017 

SA23-1033 

SS34-0008 

SS34-0018 

SA23-1043 

S68X-2227 

S68X-2257 

Form Number 

S2229-960 

S68X-2229 

SA23-1035 

S68X-2207 

SS34-0011 

These publications provide interface and design information for the 
options and adapters available for the various systems. This 
information includes a hardware description, programming 
considerations, interface specifications, and BIOS information (where 
applicable). 

810S Interface 

The following chart provides information on the BIOS interface 
publications: 

Price 

5.95 

8.75 

9.95 

5.95 

5.75 

6.00 

10.00 

Price 

7.25 

6.00 

17.75 

13.00 

5.95 
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Part Form 
Description Number Number Price 

PS/2 and PC BIOS Interface 68X22680 S68X-2260 75.00 

Supplement to 68X2260: 

Advanced BIOS Interface 68X2288 S68X-2288 50.00 

This publication provides Basic Input/Output System (BIOS) interface 
information. It is intended for developers of hardware or software 
products that operate with the IBM PC and PS/2 products. 

Hardware Application 
Developer's Guide 
The following chart provides information on the hardware 
application developer's guide: 

Part Form 
Description Number Number Price 

8514/A Adapter Application 68X2279 S68X-2279 25.00 
Developer's Guide 

Ordering Information 
To obtain publications listed in the Technical Directory, you can 
contact an IBM authorized dealer or an IBM sales representative. 
When placing an order through an IBM sales representative, use 
form numbers only. 

You can order publications by calling toll-free 1-800-IBM-PCTB 
(1-800-426-7282), Monday through Friday, from 8 a.m. to 8 p.m. 
Eastern time. When ordering by telephone, you can use VISA, 
MasterCard, American Express, or IBM credit cards. Please have the 
part numbers, quantities, and credit card information available when 
you call. 

Purchase orders will be accepted when you place orders through an 
IBM sales representative or an IBM branch office. 
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In Canada, call toll-free 1-800-465-1234, Monday through Friday, from 
8:30 a.m. to 4:30 p.m. Eastern time. In British Columbia, call toll-free 
112-800-465-1234. In Alaska, call 1-414-633-8108. 

You also may call to request additional copies of the Technical 
Directory or to inquire about the availability of IBM PC or IBM PS/2 
technical information on newly announced products that may not be 
listed in this directory. 

When ordering by mail, list the product names, part numbers, 
quantities, and total price for the manuals you want. Enclose your 
check, money order, or credit card information with the order. VISA, 
MasterCard, American Express, and IBM credit cards are accepted. 
Make your check or money order payable to IBM Corporation. Cash, 
CODs, or purchase orders are not accepted. Please add your 
applicable state and local sales/use tax, plus $5 for postage and 
handling. Be sure to include shipping information. 

In the United States, Puerto Rico, and the U.S. Virgin Islands, mail to 
the following address: 

IBM Technical Directory 
P.O. Box 2009 

Racine, WI 53404-3336 


IBM reserves the right to substitute the most recent version of any 
manual listed in this directory, which may affect the price of the 
manual. 

Please allow one to two weeks for delivery of telephone orders; 
allow two to four weeks for delivery of mail orders. 

All prices are subject to change without notice. Orders received with 
incorrect payments or other errors will be returned. The products 
and prices quoted are for the United States, Puerto Rico, and the U.S. 
Virgin Islands only. Orders must include applicable state and local 
sales/use tax, plus $5 for postage and handling. 

Vendors and Suppliers 
This section lists the vendors and suppliers whose names are used 
in this book. Following each vendor's address is a brief explanation 
of the products the vendor offers. 
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3M Magnetic Media Division 
Building 223, 5N-Ol 3M Center 
St. Paul, MN 55144 
(612)733-0623 

The 3M Magnetic Media Division manufactures magnetic disk and 
tape media. This company's DC-600 and DC-2000 media are 
standards for tape backup data cartridges. 

A.Q.A., Inc. 
12891 Western Avenue, Suite A 
Garden Grove, CA 92641 
(714)897-3655 

AQ.A, Inc., is a service organization that handles component-level 
board repair and service. 

AST Research 
2121 Alton Avenue 
Irvine, CA 92714 
(714)863-1333 

AST Research manufactures an extensive line of adapter boards and 
components for IBM and compatible computers. AST Research also 
manufactures a line of AT-compatible systems. 

AT&T 
55 Corporate Drive 
Bridgewater, NJ 08807 
(404)446-4734 

AT&T manufactures a line of IBM-compatible computer systems. 

Alps America 
3553 N. First Avenue, Suite A 
San Jose, CA 95134 
( 408)432-6000 

Alps America is a supplier of 5 1I4-inch and 3 112-inch floppy drives 
to IBM for use in the original XT and AT and now the PS/2 systems. 
Alps America also manufactures a line of printers. 
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Ariel Corporation 
P.O. Box 866 
Flemington, NJ 08822 
(201)788-9002 

Ariel Corporation manufactures a line of AT speedup components 
and is also a vendor of high-speed mil-spec crystals, processors, and 
memory chips. 

Award Software, Inc. 
130 Knowles Drive 
Los Gatos, CA 95030 
(408)370-7979 

Award Software, Inc., manufactures a line of IBM-compatible ROM 
BIOS software. 

Boston Computer Excbange 
P.O. Box 1177 
Boston, MA 02103 
(617)542-4414 

Boston Computer Exchange is a broker for used mM and compatible 
computers. 

Byte Magazine 
One Phoenix Mill Lane 
Peterborough, NH 03458 
(603)924-9281 

Byte Magazine is a monthly magazine covering all lines of 
microcomputers. 

C. Itob Electronics 
19300 S. Hamilton Avenue 
Torrence, CA 90508 
(231)327-9100 

C. Itoh Electronics is a supplier of 5 1/4-inch floppy drives to mM for 
use in the XT and AT systems. The company also manufactures a 
line of printers. 
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California Software Products, Inc. 
525 North Cabrillo Park Drive 
Santa Ana, CA 92701 
(714)973-0440 

California Software Products, Inc., manufactures the California 10 
pak and other utility programs for IBM and compatible systems. 

Central Point Software, Inc. 
15220 NW Greenbrier Parkway, #200 
Beaverton, OR 97006 
(503)690-8090 

Central Point Software manufactures the PC Tools and Copy II PC 
utility programs. 

Cherry Corporation 
3600 Sunset Avenue 
Waukegan, IL 60087 
(312)662-9200 

Cherry Corporation manufactures a line of keyboards for IBM­
compatible systems. 

Chicago Case Company 
4446 S. Ashland Avenue 
Chicago, 1L 60609 
(312)927-1600 

Chicago Case Company manufactures equipment shipping and travel 
cases. 

Chips and Technologies, Inc. 
521 Cottonwood Drive 
Milpitas, CA 95035 
(408 )436-0600 

Chips and Technologies, Inc., manufactures specialized chip sets for 
compatible motherboard manufacturers. 
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Cipher Data Products Inc. 
10101 Old Grove Road 
San Diego, CA 92138 
(800 )4-CIPHER 

Cipher Data Products Inc. manufactures a line of tape backup 
products. The company is also a supplier of DC-600 media-based 
tape backup systems to IBM. 

COMPAQ Computer Corporation 
20555 FM 149 
Houston, TX 77070 
(713)370-0670 

COMPAQ Computer Corporation manufactures IBM-compatible 
computer systems. 

Computer Repair Corporation 
21751 Melrose 
Southfield, MI 48075 
(313)350-1520 

Computer Repair Corporation is a service company that handles 
component-level circuit-board repair and hard disk remanufacturing. 

Computer Shopper Magazine 
5211 S. Washington Avenue 
Titusville, FL 32780 
(305)269-3211 

Computer Shopper Magazine is a monthly magazine for 
experimenters and bargain hunters. It features a large number of 
advertisements. 

Conner Peripherals Inc. 
2221 Old Oakland Road 
San Jose, CA 95131 
(408)433-3340 

Conner Peripherals Inc. manufactures 3 1/2-inch hard disk drives. 
The company is partly owned by COMPAQ and supplies most of 
COMPAQ's smaller hard drives. 
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Curtis Manufacturing 
305 Union Street 
Peterborough, NH 03458 
(800)548-4900 

Curtis Manufacturing makes a line of computer accessories, cables, 
and toolkits. 

Data Spec 
20120 Plummer Street 
Chatsworth, CA 91311 
(818)993-1202 

Data Spec manufactures a complete line of switch boxes for parallel, 
serial, video, and other connections. 

Dell Computer Corporation 
9505 Arboretum Blvd. 
Austin, TX 78759 
(800)426-5150 

Dell Computer Corporation manufactures a line of low-cost, high­
performance IBM-compatible computer systems. 

Design Software Inc. 
1275 W. Roosevelt Rd. Suite 104 
West Chicago, IL 60185 
(312)231-4540 

Design Software Inc. manufactures a line of help, backup, and other 
utility software. 

Disk Drive Repair Inc. 
8220 SW Nimbus 
Beaverton, OR 97005 
(503)626-7104 

Disk Drive Repair Inc. is a service company specializing in hard disk 
and floppy drive component-level repair and alignment. 
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Dynatech Computer Power Inc. 
5800 Butler Lane 
Scotts Valley, CA 95066 
(408)438-5760 

Dynatech Computer Power Inc. manufactures a line of computer 
power-protection devices. 

Emerson Computer Power 
P.O. Box 1679 
Santa Ana, CA 92702 
(714)545-5581 

Emerson Computer Power manufactures a line of computer power­
protection devices. 

Fifth Generation Systems 
11200 Industriplex Blvd. 
Baton Rouge, LA 70809 
(504)291-7221 

Fifth Generation Systems manufactures the Fastback floppy disk 
backup program. 

Fujitsu America 
3055 Orchard Drive 
San Jose, CA 95134 
(408)432-1300 

Fujitsu America manufactures a line of hard disk drives. 

Geneva Enterprises 
0804 Waterloo Geneva Road 
Waterloo, NY 13165 
(315)539-5083 

Geneva Enterprises manufactures the Second Nature AT ROM BIOS 
kit that extends the hard disk drive tables in an AT type of system. 
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Golden Bow 
2870 Fifth Avenue, Suite 201 
San Diego, CA 92103 
(619 )298-9349 

Golden Bow manufactures the VOPT program for defragmenting 
hard disks, the DUB-14 AT ROM BIOS kit for extending the hard disk 
tables, and other utility software. 

mM Corporation, National Distribution Dept. 
101 Paragon Drive 
Montvale, NJ 07645 
(201)930-3000 

The IDM Corporation National Distribution Department manufactures 
a line of IDM-compatible computer systems. 

mM Parts Order Center, Department E54 
P.O. Box 9022 
Boulder, CO 80301 
(303)924-4100 

This department is IDM's nationwide service parts ordering center. 

mM Service Parts Distribution Center, California 
2946 West Seventh Street 
Los Angeles, CA 90005 
(213)385-4618 

mM Service Parts Distribution Center, California 
411 Borel Avenue 
San Mateo, CA 94402 
(415)573-3110 

mM Service Parts Distribution Center, Colorado 
4700 South Syracuse Parkway 
Denver, CO 80237 
(303)773-5931 

mM Service Parts Distribution Center, Connecticut 
One Commercial Plaza 
Hartford, CT 06103 
(203)727-6133 
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IBM Service Parts Distribution Center, DC 
1801 K Street NW, 4th Floor 
Washington, DC 20006 
(202)778-5636 

IBM Service Parts Distribution Center, Georgia 
1440 Spring Street NW 
Atlanta, GA 30309 
( 404)888-4300 

IBM Service Parts Distribution Center, Illinois 
525 West Monroe Street 
Chicago, IL 60606 
(312)559-4502 

IBM Service Parts Distribution Center, Massachusetts 
One Gateway Center 
Newton, MA 02158 
(617)243-9588 

IBM Service Parts Distribution Center, Michigan 
27800 Northwestern Highway 
Southfield, MI 48086 
(313)262-3017 

IBM Service Parts Distribution Center, Minnesota 
7900 Xerxec Avenue, Suite 100 
Bloomington, MN 55431 
(612)893-2490 

IBM Service Parts Distribution Center, Missouri 
2345 Grand Avenue 
Kansas City, MO 64108 
(816)556-6950 

IBM Service Parts Distribution Center, Missouri 
One Centerre Plaza 
St. Louis, MO 63101 
( 314)554-9564 

IBM Service Parts Distribution Center, New Jersey 
NO.5 Executive Campus 
Cherry Hill, NJ 08002 
(609)488-7751 
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mM Service Parts Distribution Center, New Jersey 
317 Route 17 
Paramus, NJ 07653 
(201)967-9430 

mM Service Parts Distribution Center, New York 
200 South State Street, 2nd Floor 
Syracuse, NY 13202 
(315)424-2444 

mM Service Parts Distribution Center, North Carolina 
706 Green Valley Road 
Greensboro, NC 27408 
(919)333-7150 

mM Service Parts Distribution Center, Ohio 
250 East Fifth Street 
Cincinnati, OH 45202 
(513)762-2992 

IBM Service Parts Distribution Center, Ohio 
1300 East Ninth Street, Lobby Level 
Cleveland, OH 44114 
(216)664-7668 

IBM Service Parts Distribution Center, Texas 
1607 LBJ Freeway 
Dallas, TX 75234 
(214)888-4715 

mM Service Parts Distribution Center, Texas 
Two Riverway Plaza 
Houston, TX 77056 
(713) 940-137 

mM Service Parts Distribution Center, Washington 
4800 South 188th Street 
Seattle, WA 98188 
(206)433-8384 

The preceding listings are regional mM parts distribution centers. 
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Imprimis/Control Data Corporation 
P.O. Box 0 (HQN08H) 
Minneapolis, MN 55440 
(800)828-8001 

The Imprimis division of CDC manufactures the highest quality, 
largest capacity 5 1/4-inch and 3 1/2-inch hard disk drives in the 
industry today. 

Intel Corporation 
5200 NE Elam Young Parkway C03 
Hillsboro, OR 97124 
(800)538-3373 

Intel Corporation manufactures the microprocessors used in IBM and 
compatible systems. Intel also makes a line of memory and 
accelerator boards. 

Iomega Corp. 
1821 West 4000 South 
Roy, UT 84067 
(801)778-1000 

Iomega Corporation manufactures the Bernoulli Box high-capacity 
cartridge floppy disk drive. 

Irwin Magnetics Systems Inc. 
2101 Commonwealth Blvd. 
Ann Arbor, MI 48105 
(313)996-3300 

Irwin Magnetics Systems Inc. manufactures a line of tape backup 
products based on the DC-2000 media. The company is also a 
supplier of IBM tape backup systems using DC-2000 media. 

Jameco Eletronics 
1355 Shoreway Road 
Belmont, CA 94002 
(415) 592-8097 

Jameco Electronics stocks and distributes over 5,000 items ranging 
from computer peripherals and enhancements to integrated circuits 
and passive components. 

JB Technologies, Inc. 
21011 Itasca Street #F 
Chatsworth, CA 67893 
(818)709-6400 
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JB Technologies, Inc., is a service company that performs hard disk 
and tape backup component-level repair and remanufacturing. 

JDR Microdevices 
110 Knowles Drive 
Los Gatos, CA 95030 
(403 )866-6200 

JDR Microdevices is a vendor for chips, disk drives, and various 
computer and electronic parts and components. 

Kaypro Corporation 
533 Stevens Avenue 
Solana Beach, CA 92075 
(619)481-4300 

Kaypro Corporation manufactures a line of IBM-compatible computer 
systems. 

Manzana Microsystems, Inc. 
P.O. Box 2117 
Goleta, CA 93118 
(805)968-1387 

Manzana Microsystems, Inc., manufactures 3 1/2-inch floppy drive 
subsystems for IBM and compatible systems. 

Maxtor Corporation 
211 River Oaks Parkway 
San Jose, CA 95134 
(408)432-1700 

Maxtor Corporation manufactures a line of large-capacity, high­
quality hard disk drives. Maxtor also has introduced a revolutionary 
line of high-capacity, high-speed, Optical drives with full read and 
write capabilities. 

Media Software & Systems 
600 N. Commons Drive 
Aurora, IL 60504 
(312)898-2228 

Media Software & Systems is a distributor for the Dysan Interrogator 
and Dysan digital diagnostics test disks. 
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Megahertz Corporation 
2681 Parleys Way 
Salt Lake City, UT 84109 
(801)485-8857 

Megahertz Corporation manufactures a line of AT speedup products. 

Mentor Electronics, Inc. 
7560 Tylor Blvd. #E 
Mentor, OH 44060 
(216)951-1884 

Mentor Electronics, Inc., is a supplier of surplus IBM PC (10/27/82) 
ROM BIOS update chips. 

Micro Solutions, Inc. 
132 W. Lincoln Highway 
DeKalb, IL 60115 
(312)756-7411 

Micro Solutions, Inc., manufactures a complete line of internal and 
external 3 112-inch floppy drive systems. The company also 
manufactures the Compaticard high-density floppy controller for IBM 
and compatible systems. 

MicroWay Inc. 
P.O. Box 79 
Kingston, MA 02364 
(617)746-7341 

MicroWay Inc. manufactures a line of accelerator products for IBM 
and compatible systems. The company also specializes in math 
coprocessor chips, math chip accelerators, and language products. 

Micropolis Corp. 
2123 Nordhoff Street 
Chatsworth, CA 91311 
(818)709-3300 

Micropolis manufactures a line of 5 1/4-inch and 3 112-inch hard disk 
drives. 
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Microsoft 
16011 NE 36th Way 
Redmond, WA 90852 
(206)882-8080 

Microsoft manufactures many software and some hardware products. 
Under a joint agreement with IBM, Microsoft produces OS/2 
and DOS. 

Miniscribe Corp. 
1861 Lefthand Circle 
Longmont, CO 80501 
(303)651-6000 

Miniscribe manufactures a line of 5 l/4-inch and 3 112-inch hard disk 
drives. Miniscribe also was a supplier to IBM for XT hard disks. 

Mountain Computer Inc. 
360 El Pueblo Road 
Scott Valley, CA 95066 
(408)438-6650 

Mountain Computer Inc. manufactures a complete line of tape 
backup products. 

Mueller Business Systems 
227 South Hale Street 
Palatine, IL 60067 
(312)358-5524 

Mueller Business Systems is a service company specializing in 
computer training and consulting. 

Newbury Data 
6 New England Executive Plaza 
Burlington, MA 01803 
(617)723-9513 

Newbury Data manufactures a line of hard disk drives under a 
license from Maxtor. 

Ontrack Computer Systems 
6266 Bury Drive 
Eden Prairie, MN 55344 
(612)937-1107 
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Ontrack Computer Systems manufactures the Diskmanager utility 
program that circumvented the limitations of the DOS 3.2 and earlier 
FDISK program. This type of program is not required for DOS 3.3 or 
later. 

Orchid Technology 
45365 Northport Loop West 
Fremont, CA 94538 
( 415)683-0300 

Orchid Technology manufactures a line of accelerator products for 
IBM and compatible systems. 

PC Cooling Systems 
P.O. Box 518 
Bonsall, CA 92003 
(619)723-9513 

PC COOling Systems manufactures a line of high-quality, high-output 
power supplies for IBM and compatible systems. 

PTI Industries 
269 Mount Hermon Road 
Scott Valley, CA 95066 
( 408)438-3900 

PTI Industries manufactures a line of computer power-protection 
devices. 

Paul Mace Inc. 
123 N. 1st Street 
Ashland, OR 97520 
(503)488-0224 

Paul Mace Inc. manufactures the Htest/Hformat hard disk low-level 
format and repair utility package. The company also manufactures 
the Mace Utilities program. 

Peter Norton Computing 
2210 Wilshire Blvd. 
Santa Monica, CA 90403 
(213)453-2361 

Peter Norton Computing manufactures the Norton Utilities program 
and many other useful utilities. 
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Priam Corp. 
20 W. Montague Expressway 
San Jose, CA 95134 
(408)434-9300 

Priam manufactures a line of 5 l/4-inch and 3 112-inch hard disk 
drives. 

Proto PC, Inc. 
2424 Territorial Road 
St. Paul, MN 55114 
(612)644-4660 

Proto PC, Inc., manufactures the HD-Test hard disk diagnostic 
program. The company also manufactures a floppy disk testing 
machine and is a vendor for various computer parts and accessories. 

Quadram Corporation 
265 Mitchell Road 
Norcross, GA 30071 
( 404)923-6666 

Quadram Corporation manufactures a line of memory and other 
types of adapter boards for IBM and compatible systems. 

Quaid Software Limited 
45 Charles Street East, 3rd Floor 
Toronto, ON, M4Y1S2 
(416)961-8243 

Quaid Software Limited manufactures the CopyWrite disk 
duplication utility, as well as the Disk Explorer utility. 

Que Corporation 
11711 N. College Avenue 
Carmel, IN 46032 
(317)573-2500 

Que is a publisher of high-quality computer software and hardware 
books. 

Rodime Inc. 
901 Broken Sound Parkway NW 
Boca Raton, FL 33431 
(305)994-6200 
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Rodime Inc. manufactures a line of 5 1I4-inch and 3 112-inch hard 
disk drives. 

Rotating Memory Service 
473 Sapena Court, Suite 26 
Santa Clara, CA 95954 
(408)988-2334 

Rotating Memory Service is a service company that specializes in 
hard disk drive component-level repair and data recovery. 

Scientific Micro Systems 
339 N. Bernardo Ave. 
Mountain View, CA 94043 
(515)964-5700 

Scientific Micro Systems manufactures the OMTI line of hard disk 
controllers for IBM and compatible systems. 

Seagate Technologies 
920 Disc Drive 
Scotts Valley, CA 95066 
(408)439-2277 

Seagate Technologies is the largest hard disk manufacturer in the 
industry. Seagate manufactures some of the lowest cost drives 
available. 

Sola Electric 
1717 Busse Road 
Elk Grove, IL 60007 
(312)439-2800 

Sola Electric manufactures a line of computer power-protection 
devices. 

Sony Corporation of America 
Sony Drive 
Park Ridge, NJ 07656 
(201)930-1000 

Sony Corporation of America manufactures all types of high-quality 
electronic and computer equipment. 



Appendix 681 

Storage Dimensions Inc. 
981 University Avenue 
Los Gatos, CA 95030 
( 408)395-2688 

Storage Dimensions Inc. is a division of Maxtor. The company 
manufactures the Speedstor partitioning software that was used 
with DOS 3.2 or earlier to overcome the limitations of FDISK. This is 
not required for DOS 3.3 or later. Storage Dimensions is a vendor of 
Maxtor drives. 

SuperSoft 
P.O. Box 1628 
Champaign, lL 61820 
(217)359-2112 

SuperSoft manufactures a complete line of high-quality advanced 
hardware diagnostics programs for IBM and compatible systems. 

Sytron Corp. 
117 Flanders Road 
Westboro, MA 01581 
(508)898-0100 

Sytron manufactures the SyTOS tape backup utility software. The 
company is a supplier of this software to IBM and other companies. 

Tandon Corporation 
405 Science Drive 
Moorpark, CA 93021 
(805)523-0340 

Tandon Corporation manufactures IBM-compatible computer systems 
and disk drives. Tandon supplied IBM with most of the full-height 
floppy drives used in the PC and XT systems. 

Tandy Corporation 
1800 One Tandy Center 
Fort Worth, TX 76102 
(817)360-3011 

Tandy Corporation manufactures a line of IBM-compatible systems. 
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Teac Corporation of America 
7733 Telegraph Road 
Montebello, CA 90640 
(213)726-0303 

Teac Corporation of America manufactures a complete line of 5 1/4­
inch and 3 112-inch floppy disk drives. 

Tecmar Inc. 
6225 Cochran Road 
Solon, OH 44139 
(216)349-0600 

Tecmar Inc. manufactures a wide variety of adapter boards for IBM 
and compatible systems. 

Toshiba America Inc. 
9740 Irvine Blvd 
Irvine, VA 92718 
(714)583-3000 

Toshiba America Inc. manufactures a complete line of 5 1/4-inch and 
3 1/2-inch floppy and hard disk drives. The company also 
manufactures a line of portable IBM-compatible systems. 

Tripp Lite 
500 North Orleans 
Chicago, IL 60610 
(312)329-1777 

Tripp Lite manufactures a line of computer power-protection devices. 

Verbatim/Cybernetics 
323 Soquel Way 
Sunnyvale, CA 94086 
(408)245-4400 

Verbatim/Cybernetics manufactures the Datalife DDA floppy drive 
diagnostics program. 

Wave Mate Inc. 
2341 205th Street, Suite 110 
Torrance, CA 90501 
(213)533-8190 
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Wave Mate Inc. manufactures a line of high-speed replacement 
motherboards for IBM and compatible systems. 

Western Digital Corporation 
2445 McCabe Way 
Irvine, CA 92714 
(714)863-0102 

Western Digital Corporation manufactures a complete line of disk 
drive controller boards for IBM and compatible systems. Western 
Digital also manufactures the Paradise line of high-resolution EGAI 
VGA video adapters. 

Windsor Technologies 
66 Bovet Road, Suite 380 
San Mateo, CA 94402 
(415)345-5700 

Windsor Technologies manufactures a line of advanced hardware 
diagnostics programs. The company also offers a ROM-based 
diagnostics product. 

Xidex/Dysan CE Division 
1244 Ramwood Avenue 
Sunnyvale, CA 94089 
(408)988-3472 

Xidex/Dysan CE Division manufactures the Interrogator floppy disk 
drive diagnostics program and digital diagnostics disks. 

Zenith Data Systems 
1000 Milwaukee Avenue 
Glenview, IL 60025 
(312)699-4800 

Zenith Data Systems manufactures a line of IBM-compatible systems. 

Manufacturers' Logos 
This section provides you with a listing of various manufacturers' 
logos, supplied by JAMECO Electronics. 



M
A

N
U

F
A

C
T

U
R

E
R

'S
 L

O
G

O
 D

IR
E

C
T

O
R

Y
 

c-.
 

CO
LO

G
O

 
M

A
N

U
F

A
C

lU
R

E
R

IA
D

D
R

E
S

S
 

L
O

G
O

 
M

A
N

U
F

A
C

lU
R

E
R

IA
D

D
R

E
S

S
 

L
O

G
O

 
M

A
N

U
F

A
C

lU
R

E
R

IA
D

D
R

E
S

S
 

A
d¥

an
ce

d 
A

n
a

lo
g

 
H

yu
n

d
a

i E
Ie

x.
 A

m
er

ic
a 

sA
tlV

o 
S

a
n

yo
 S

e
m

ic
o

n
d

u
ct

o
r 

C
o

rp
. 

...
A

D
V

A
N

C
ED

 A
N

A
L

O
G

 
2

2
7

0
 M

a
rt

in
 A

ve
nu

e 
H

Y
U

N
D

A
IE

L
E

X
S

 
1

6
6

 B
ay

po
in

te
 P

ar
kw

ay
 

7 
Pe

ar
1 

C
o

u
rt

 

A

_
o

Il
n

te
c
h

 
S

a
n

ta
 C

la
ra

, C
A

 9
5

0
5

0
 

S
a

n
 J

os
e,

 C
A

 9
5

1
3

4
 

A
lle

nd
al

e,
 N

J 
07

40
1 



A

M
E

R
IC

A
(4

08
) 

9
8

8
-4

9
3

0
 

(4
08

) 
2

8
6

-9
8

0
0

 
(2

01
) 

8
2

5
-8

0
8

0
 

A
d

va
n

ce
d

 M
ic

ro
 D

ev
ic

es
 

IN
M

O
S

C
o

rp
. 

S
E

E
Q

 T
e
c
h
~

In
c.

 
P.

O
. 

B
ox

 3
4

5
3

 
11

1
0 

B
ay

fie
ld

 R
oa

d 
1

8
4

9
 F

or
tu

ne
 D

riv
e 

~
A
M
 

S
un

ny
va

le
, 

C
A

 9
4

0
8

8
 

.a:
C

o
lo

ra
d

o
 S

p
ri

n
g

s,
 C

O
 8

0
9

0
6

 
S

an
 J

os
e,

 C
A

 9
51

31
 

.rm
rno

s· 
~
e
e
Q
 

<a
(4

08
) 

7
3

2
-2

4
0

0
 

(3
03

) 
6

3
0

-4
0

0
0

 
(4

08
) 

4
3

2
-7

4
0

0
 

A
E

G
-T

-"
n

k
e

n
 C

o
rp

, 
. 

In
te

l 
5

G
S

 S
e

m
ic

o
n

d
u

ct
o

r 
P>

P.
O

. 
B

ox
 3

8
0

0
 

3
0

6
5

 B
o

w
e

rs
 A

ve
nu

e 
1

0
0

0
 E

. 
B

el
l 

R
oa

d 
0

.
+T

FK
 

S
om

er
vi

lle
, 

N
J 

0
8

8
7

6
 

S
an

ta
 C

la
ra

, 
C

A
 9

50
51

 
P

ho
en

ix
, 

p;
z 

8
5

0
2

2
(2

01
) 

7
2

2
-9

8
0

0
 

inf
el 

I 
~
 

S·
(4

08
) 

9
8

7
-8

0
8

0
 

(6
02

) 
8

6
7

-6
1

0
0

 
A

n
a

lo
g

 D
e

vi
ce

s 
(Q

In
te

rs
il

 
S

ie
m

e
n

s 
C

o
m

p
o

n
e

n
ts

 
~
A
N
A
l
O
G
 

O
n

e
 T

e
ch

n
o

lo
g

y 
W

a
y 

2
4

5
0

 w
a

ls
h

 A
ve

nu
e 

S
IE

M
E

N
S

 1
9

0
0

 H
om

es
te

ad
 R

oa
d 

N
O

nM
)o

d,
 M

A
0

2
0

6
2

-9
1

0
6

D
E

V
IC

E
S 

.
D
~
U
I
l
.
 S

an
ta

 C
la

ra
, 

C
A

 9
50

51
 

C
up

er
tin

o,
 C

A
 9

5
0

1
4

(6
17

) 
3

2
9

-4
7

0
0

 
~ 

(4
08

) 
9

9
6

-5
0

0
0

 
(4

08
) 

72
5-

35
31

 
0

.
A

n
a

lo
g

ic
 C

o
rp

o
ra

ti
o

n
 

m
 S

e
m

ic
o

n
d

u
ct

o
rs

 
S

ig
n

e
lic

s 
~
.
 

4
7

0
 B

ro
a

d
w

a
y 

81
1 

E
. 

A
rq

u
e

s 
A

ve
nu

e 
::0

8 
C

e
n

te
n

n
ia

l 
D

ri
ve

 
P

ea
bo

dy
, 

M
A

 0
19

61
 

~
IT

T
 

La
w

re
nc

e.
 M

A
 0

18
41

 
Si

!ln
llb

C
S 

S
un

ny
va

le
, 

C
A

 9
4

0
8

8
-3

4
0

9
 

CD
(6

17
) 

2
4

6
-0

3
0

0
 

s
e

m
ic

o
n

d
u

c
to

rs
 

(6
17

) 
6

8
8

-1
8

8
1

 
(4

08
) 

9
9

1
·2

0
0

0
 

'0
B

e
ck

m
a

n
 I

n
st

ru
m

e
n

ts
 


2
5

0
0

 H
a

rb
o

r 
B

o
u

le
va

rd
 

.l
A

M
E

C
O

 E
L

E
C

T
R

O
N

IC
S

 
S

ili
co

n
 G

en
er

at
 

~.



•
•

C
K

M
A

N
 

F
ul

le
rt

on
, 

C
A

 9
2

6
3

4
 

1
3

5
5

 S
H

O
R

E
W

A
Y

 R
O

A
D

 
11

86
1 

\N
es

te
rn

 A
ve

nu
e 

>-
c 

(7
14

) 
7

7
3

-8
6

0
3

 
B

E
LM

O
N

T
, C

A
U

F
O

R
N

IA
 9

4
0

0
2

 
BIB

 SiLI
CO

n 
G8

n8
PO

L 
G

ar
de

n 
G

ro
w

, 
C

A
 9

26
41

 
S·

J
I
-

•
(4

15
) 

5
9

2
-8

0
9

7
 F

A
X

 4
15

-5
92

·2
50

3 
(7

14
) 

89
8-

81
21

 
B

u
rr

-B
ro

w
n

 
(Q

 
P.

O
. 

B
ox

 1
1

4
0

0
 

L
a

m
b

d
a

 S
e

m
ic

o
n

d
u

ct
o

r 
S

ili
co

n
 S

ys
te

m
.

r
~
~
j
"
 

T
uc

so
n,

 p
;z

 8
5

7
3

4
 

12
1 

In
te

rn
a

ti
o

n
a

l 
D

ri
ve

 
14

35
1 

M
yl

o
rd

 R
oa

d 
"d

 
(6

02
) 

74
6-

11
11

 
C

o
rp

u
s 

C
hr

is
ti,

 1
)(

 7
8

4
1

0
 

T
us

tin
, 

C
A

 9
2

6
8

0
 

(
)

&
 

C
a

lif
o

rn
ia

 M
ic

ro
 D

e
vi

ce
s 

(5
12

) 
2

8
9

-0
4

0
3

 
(7

14
) 

7
3

1
-7

1
1

0
 

U
l 

2
0

0
0

 W
. 

14
th

 S
tr

ee
t 

U
n

e
a

r 
T

e
ch

n
o

lo
g

y 
S

ili
c
o

n
i.

M
IC

R
O

 D
E

V
IC

E
S

 
T

em
pe

, 
p;

z 
85

28
1 

1
6

3
0

 M
cC

a
rt

h
y 

B
ou

le
va

rd
 

22
01

 L
a

u
re

lw
o

o
d

 R
oa

d 

C
A

U
F

O
R

N
IA

 

M
IC

R
O

C
IR

C
U

IT
S

 D
IV

IS
IO

N
 

(6
02

) 
9

6
8

-4
4

3
1

 
L
7
~
!
n
~
 

M
ilp

ita
s,

 C
A

 9
5

0
3

5
-7

4
8

7
 

H
 

S
an

ta
 C

la
ra

, 
C

A
 9

5
0

5
4

 
C

h
e

rr
y 

S
e

m
ic

o
n

d
u

ct
o

r 
C

o
rp

. 
(4

08
) 

4
3

2
·1

9
0

0
 

(4
08

) 
9

8
8

-8
0

0
0




CI
III:

ILK
r'IP

 
3

M
/E

le
ct

ro
n

ic
 P

ro
d

u
ct

s 
D

iv
is

io
n



2

0
0

0
 S

o
u

th
 C

o
u

n
ty

 T
ra

il 
s-

M
O

S
 


_
B

li
Q

ll
W

ii
ii
1

l&
 

E
as

t G
re

en
w

ic
h,

 R
I 

0
2

8
1

8
-0

0
3

1
 

P.
O

. B
o

x 
2

9
6

3
 

S~
:·
j.
.~
 
!:!

l 
2

4
6

0
 N

o
rt

h
 F

irs
t S

tr
e

e
t 



(4

01
) 

8
8

5
-3

6
0

0
 

A
us

tin
, 

1
)(

 7
8

7
6

9
-2

9
6

3
 

S
an

 J
os

e,
 C

A
 9

51
31

3N
I 

S
Y

S
T

E
M

S
C

o
m

m
o

d
o

re
 S

em
ic

on
du

ct
or

 G
ro

u
p

 
(5

12
) 

8
3

4
·1

8
0

0
 

(4
08

) 
9

2
2

-0
2

0
0

 
9

5
0

 R
itt

en
ho

us
e 

R
oa

d 
M

ic
ro

n
 T

e
ch

n
o

lo
g

y 
In

c.
 

S
o

II
tr

o
n

 D
e

vi
ce

s.
 l

ne
. 

N
or

ri
st

ow
n,

 P
A

 1
9

4
0

3
 

M
IC

R
O

N
 

2
8

0
5

 E
. 

C
o

lu
m

b
ia

 R
oa

d 
1

1
7

7
 B

lu
e

 H
e

ro
n

 B
o

u
le

va
rd

 
(2

15
) 

6
6

6
-7

9
5

0
 

R
iv

ie
ra

 B
ea

ch
, 

FL
 3

3
4

0
4

T
E

C
H

N
O

LO
G

Y
, I

N
C

. 
B

oi
se

. 
10

 8
3

7
0

6
 

C
y

b
er

n
et

ic
 M

ic
ro

 S
ys

te
m

. 
(2

08
) 

3
8

3
·4

0
0

0
 

(4
07

) 
8

4
8

·4
3

1
1

 
P.

O
, B

o
x 

3
0

0
0

 
M

ic
ro

N
e

lw
o

rk
s 

S
p

ra
g

u
e 

E
*

m
c

S
an

 G
re

go
ri

o,
 C

A
 9

4
0

7
4

 
1

1
5

 N
.E

. 
C

u
to

ff
3

2
4

 C
la

rk
 S

tr
ee

t 
(4

15
) 

7
2

6
-3

0
0

0
~
 

®
S

P
R

R
G

U
E

 
W

or
ce

st
er

, 
M

A
 0

1
6

1
3

-2
0

3
6

 
W

or
ce

st
er

, 
M

A
 0

1
6

0
6

 

~
"
 

~
S

e
m

ic
o

n
d

u
ct

o
r 

(6
17

) 
8

5
2

-5
4

0
0

 

IB

:7
I 

(6
17

) 
8

5
3

-5
0

0
0

 
3 

1 
N

. 
F

irs
t S

tr
e

e
t 

M
ic

ro
 _

 
S

y&
te

m
a 



C

Y
PR

ES
S 

S
an

 J
os

e,
 C

A
 9

5
1

3
4

 

~
S
o
I
i
d
_
 



~

S
E

M
IC

O
N

D
lx

::T
Q

R
 

31
51

 J
ay

 S
t
r
e
e
~
 B

ox
 5

4
9

6
5

 

.-,S

PIm
JE 

3 
\N

el
sh

 R
oa

d 
(4

08
) 

9
4

3
-2

6
0

0
 

W
ill

ow
 G

ro
..

,.
 P

A
 1

9
0

9
0

.'. (K
 

[S1
 

S
an

ta
 C

la
ra

. C
A

 9
5

0
5

4
-0

9
6

5
 

D
o

a
_

C
o

r
p

. 
SO

LID
 S

Ti
llE

 
(2

15
) 

6
5

7
·8

4
0

0
(4

08
) 

7
2

7
-5

3
5

0
4

4
0

0
 C

o
m

p
u

te
r 
on

..,
 

S
ta

nd
ar

d 
M
i
a
O
S
~
1

Y
tIe

sI
bo

ro
ug

h.
 M

A
 0

1
5

8
0

 
-
e
o

.-
-
.

.. 
• 

3
5

 M
a

rc
u

s 
B

ou
le

va
rd

(6
17

) 
3

6
6

-8
9

1
1

 
3

5
0

 L
ag

ge
t 
on

....
 P

.O
. B

o
x 

1
3

0
8

9
 

H
a

u
p

p
a

u
g

e
. 

N
Y

 1
1

7
8

8
 

@
) 

O
n

ta
ri

o
. 

C
a

n
a

d
a

 K
2

K
 1

 X
3 

~
 

(5
16

) 
2

7
3

-3
1

0
0

(6
13

) 
5

9
2

-5
6

3
0

 



~
~
I
L
 

e.
n'
lo
EG
~G
 R

E
T

IC
O

N
 

r 
F

E
R

R
A

N
T

I 

F
 

F
U

J
IT

S
U

 

G
EN

ER
A

L 
EL

EC
TR

IC
 

SO
LI

D
 S

TA
TE

 

MI
CR

OE
l~

'J
t 

~
~
~
~
~
~
~
~
 

D
at

e!
 

11
 C

a
b

o
t B

o
u

le
va

rd
 

M
an

sf
ie

ld
, 

M
A

 0
2

0
4

8
 

(6
17

) 
3

3
9

-3
0

0
0

 

E

G
&

G
 R

e
tic

o
n

 C
or

p,
 


34
5 

P
ot

re
ro

 A
ve

nu
e 



S

un
ny

va
le

, 
C

A
 9

4
0

8
6

 

(4

08
) 

7
3

8
-4

2
6

6
 


E
X

A
R

 I
n

te
g

ra
te

d
 S

y
st

em
. 



2

2
2

2
 Q

u
m

e
 D

ri
ve

 

S

an
 J

o
se

, 
C

A
 9

5
1

6
1

 

(4

08
) 

7
3

2
-7

9
7

0
 


F
e

rr
a

n
ti 



8

7
 M

o
d

u
la

r 
A

ve
nu

e 



C
o

m
m

a
ck

, 
N

Y
 1

1
7

2
5

 

(5

16
) 

5
4

3
-0

2
0

0
 


F
u

jit
su

 M
i
~
i
c
s
,

In
c.

 

3

5
4

5
 N

o
rt

h
 R

rs
t 

S
tr

e
e

t 



S
an

 J
o

se
, 

C
A

 9
5

1
3

4
 


(4
08

) 
9

2
2

-9
0

0
0

 


G
e

n
e

ra
l E

le
ct

ri
c 

S
o

lid
 S

to
te

 

72

4 
R

ou
te

 2
02

, 
P.

O
. 

B
o

x 
59

1 



S
om

er
vi

lle
, 

N
J 

0
8

8
7

6
-0

5
9

1
 


(2
01

) 
6

8
5

-6
0

0
0

 


G
en

er
al

ln
et

ru
m

en
t 

6
0

0
 W

. J
o

h
n

 S
tr

e
e

t 



H
ic

ks
vi

lle
, 

N
Y

 1
1

8
0

2
 


(5
16

) 
9

3
3

-9
0

0
0

 

G

o
Id

a
ta

r 
S

o
m

ic
o

n
d

u
c\

o
r 

L
td

. 



1
1

3
0

 E
. 

A
rq

u
e

z 
A

ve
nu

e 



S
un

ny
va

le
, 

C
A

 9
4

0
8

6
 


40
8 

7
3

7
-8

5
7

6
 


_}
IG

O
U

LD
 ~

38
Jd

B~
s~

==
r 

P
oc

at
el

lo
, 

ID
 8

3
2

0
1

 

E

le
ct

ro
ni

cs
 

;m
 
 e 



H
O

N
E

Y
W

E
L

L
 

QU
iIll

il 

Y.

 


(2
08

) 
2

3
3

-4
6

9
0

 


H
ar

ris
 S

e
m

ic
o

n
d

u
ct

o
r 



P.

O
. 

B
o

x 
8

8
3

 

M

e
lb

o
u

rn
e

, 
FL

 3
29

01
 


(3
05

) 
7

2
4

-7
0

0
0

 

H

It
oc

hI
 A

m
e

ri
ca

, 
L

td
. 



2

2
1

0
 O

'T
oo

le
 A

ve
nu

e 



S
an

 J
o

se
, 

C
A

 9
51

31
 


(4
08

) 
4

3
5

-8
3

0
0

 

H

o
n

e
yw

e
ll 



11

50
 E

. 
C

he
ye

nn
e 

M
o

u
n

ta
in

 B
lv

d.
 


C
ol

or
ad

o 
S

pr
in

gs
, C

O
 8

0
9

0
6

-4
5

9
9

 

(3

03
) 

5
7

6
-3

3
0

0
 


~o
8~
~r
!~
~~
~n
ue
. P

.O
. 
B

ox
 H

 
N

ew
po

rt
 B

e
a

ch
, C

A
 9

2
6

5
8

-8
9

0
3

 

(7

14
) 

7
5

9
-2

3
4

9
 


H
yb

ri
d

 S
,.

."
s
 

2
2

 L
in

n
e

ll 
C

ir
cl

e
 

~~
~)
i~
~7
~:
7~
82
1 

J..
. 


D
lI

M
M

I 

®
 


llI
'lI

1
S

 

~
 

N
E

e 
O

K
I 

JA
P

A
N

 ~
 

At
. 

M
A

T
S

U
S

H
IT

A
 


P
L

E
S

S
E

Y
 


®
IF

M
I) 



R

ay
ll

ae
on

 

R
oc

kw
el

' • 



=8
~~
~N
G 

M
llB

u
b

io
h

i E
le

ct
ro

n
ic

s 
A

m
e

ri
ca

 

1

0
5

0
 E

. A
rq

u
e

s 
A

ve
nu

e 



S
un

ny
va

le
, C

A
 9

4
0

8
6

 

(4

08
) 

7
3

0
-5

9
0

0
 


M
o

n
o

lit
h

ic
 M

em
or

ie
s 



P.

O
. 

B
o

x 
3

4
5

3
 


S
un

ny
va

le
, C

A
 9

4
0

8
8

 

(4

08
) 

9
7

0
-9

7
0

0
 


M
o

to
ro

la
 


5
0

0
5

 E
. 

M
cD

o
w

e
ll 

R
o

a
d

 

P

ho
en

ix
, 

A
Z

 8
5

0
0

8
 


(6
02

) 
2

4
4

-7
1

0
0

 


N
a

ti
o

n
a

l S
e

m
ic

o
n

d
u

ct
o

r 



2
9

0
0

 S
e

m
ic

o
n

d
u

ct
o

r 
D

ri
ve

 

S

a
n

ta
 C

la
ra

, 
C

A
 9

50
51

 

(4

08
) 

7
2

1
-5

0
0

0
 


N
C

R
 


81
81

 B
ye

rs
 R

oa
d 



M

ia
m

is
b

u
rg

, O
H

 4
5

3
4

2
 


(5
13

) 
8

6
6

-7
2

1
7

 

N

E
C

 E
I-

..
n

lc
s
, 

In
c.

 

40

1 
E

lli
s 

S
tr

e
e

t 



M
o

u
n

ta
in

 V
ie

O
( 

C
A

 9
4

0
3

9
-7

2
4

1
 


(4
15

) 
9

6
0

-6
0

0
0

 


O
K

! 
S

e
m

ic
o

n
d

u
ct

o
r,

 I
n

c.
 


6
5

0
 N

. 
M

a
ry

 A
ve

nu
e 



S

un
ny

va
le

, 
C

A
 9

4
0

8
6

 

(4

08
) 

7
2

0
-1

9
0

0
 


P
a

n
a

so
n

ic
 (
_

"
"
it

a
)
 


1 
P

a
n

a
so

n
ic

 w
ay

 

S

e
ca

u
cu

s,
 N

J 
0

7
0

9
4

 

(2

01
) 

3
4

8
-7

0
0

0
 


P
le

ss
ey

 S
e

m
ic

o
n

d
u

ct
o

r 



1
5

0
0

 G
re

e
n

 H
ill

s 
R

oa
d 



S

co
tt

s 
va

lle
y,

 C
A

 9
5

0
6

6
 


(4
08

) 
4

3
8

-2
9

0
0

 

_ 

M
o

n
o

lit
h

ic
a

, 
In

c.
 


1
5

0
0

 S
p

a
ce

 P
ar

k 
D

ri
ve

 

S

an
ta

 C
la

ra
, 

C
A

 9
5

0
5

2
-8

0
2

0
 


(4
08

) 
7

2
7

-9
2

2
2

 

R

a
yt

h
e

o
n

 S
e

m
ic

o
n

d
u

ct
o

r 



3
5

0
 E

lli
s 

S
tr

e
e

t 



M
o

u
n

ta
in

 V
ie

"(
 C

A
 9

4
0

3
9

-7
0

1
6

 

(4

15
) 

9
6

8
-9

2
1

1
 


R
o
c
~
l
l
n
t
a
m
a
t
i
o
n
I
I
l
 

43
11

 J
a

m
b

o
re

e
 R

oa
d,

 P
.O

. 
B

o
x 

C
 


N
e

w
p

o
rt

 B
e

a
ch

, C
A

 9
2

6
5

8
-8

9
0

2
 


(7
14

) 
8

3
3

-4
7

0
0

 


S
am

.u
ng

 S
e

m
ic

o
n

d
U

ct
o

r,
 I

n
c.

 

3

7
2

5
 N

o
rt

h
 R

rs
t 

S
tr

e
e

t 



S
a

n
 J

o
se

, C
A

 9
5

1
3

4



I(4
08

) 
4

3
4

-5
4

0
0

 


ST
ST

H
O

M
SO

N
 

M
IC

R
O

 E
LE

C
TR

O
N

IC
S 

~
 




~

 ,.'l.
i' 

~ CD
 ::s p.
. 

!><
i' c­ eo

©
19

88
 J

A
M

E
C

O
 E

le
ct

ro
n

ic
s 

-
P

rin
te

d 
in

 U
.S

A
 

V
I 



686 Upgrading and Repairing pes 



G' ossary =§.-~_ 

8086. An Intel microprocessor with 16-bit registers, a 16-bit data 
bus, and a 20-bit address bus. It can operate only in real mode. 

8088. An Intel microprocessor with 16-bit registers, an 8-bit data 
bus, and a 20-bit address bus. It can operate only in real mode. 
This processor was designed as a low-cost version of the 8086. 

80286. An Intel microprocessor with 16-bit registers, a 16-bit data 
bus, and a 24-bit address bus. It can operate in real and 
protected modes. 

80386. An Intel microprocessor with 32-bit registers, a 32-bit data 
bus, and a 32-bit address bus. It can operate in real, protected, 
and virtual real modes. 

80386SX. An Intel microprocessor with 32-bit registers, a 16-bit data 
bus, and a 24-bit address bus. It can operate in real, protected, 
and virtual real modes. This processor was designed as a low­
cost version of the 80386. 

AC. Alternating Current. The frequency is measured in cycles per 
seconds (cps) or Hertz (Hz). The standard value coming through 
the wall outlet is 120 volts at 60 Hz, through a fuse or circuit 
breaker that can usually handle about 20 amps. 

Accelerator board. An add-in board that replaces the computer's 
CPU with Circuitry that enables the system to run faster. 

Access time. The time taken from the instant information is called 
for to the point delivery is completed. Usually described in 
nanoseconds for memory chips. The IBM PC requires memory 
chips with an access time of 200 nanoseconds, and the AT 
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requires 150 nanosecond chips. For hard disk drives, access 
time is described in milliseconds. Most manufacturers rate 
average access time on a hard disk as the time required for a 
seek across one-third of the total number of cylinders plus one­
half of the time for a single revolution of the disk platters 
(latency). 

Accumulator. A register in which the result of an operation is 
formed. 

Active high. Designates a digital signal that has to go to a high 
value (binary 1) to produce an effect. Synonymous with positive 
true. 

Active low. Designates a digital signal that has to go to a low value 
(binary 0) to produce an effect. Synonymous with negative true. 

Actuator. The device that moves a disk drive's read/write heads 
across the platter surfaces. 

Adapter. This term is used by IBM to be synonymous with circuit 
board, circuit card, or card. It is the device that serves as 
an interface between the system unit and the devices attached 
to it. 

Address. Where a particular piece of data or other information is 
found in the computer. Can also refer to the location of a set of 
instructions. 

Address bus. One or more electrical conductors used to carry the 
binary-coded address from the microprocessor throughout the 
rest of the system. 

Alphanumeric. A character set that contains both letters (A-Z) and 
digits (0-9). Other characters, such as punctuation marks, also 
may be allowed. 

Ampere. One ampere (amp) is the basic unit for measuring electrical 
current. 

Analog. Pertaining to data in the form of continuously variable 
physical quantities. This is in contrast with digital. 

AND. A logic operator having the property that if P is a statement, Q 
is a statement, R is a statement, ... , then the AND of 
P,Q,R, ... is true if all statements are true, false if any 
statement is false. 
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AND gate. A logic gate in which the output is 1 only if all inputs 
are 1. 

ANSI. American National Standards Institute. One of several 
organizations that develop standards for the electronics and 
computer industries. 

APA. All Points Addressable. A mode in which all points of a 
displayable image can be controlled by the user or a program. 

Archive bit. The bit in a file's attribute byte that sets the archive 
attribute. This tells whether the file has been changed since it 
was last backed up. 

Archive medium. A storage medium (floppy disk, tape cartridge, 
removable cartridge) that holds files which need not be 
instantly accessible. 

ASCD. American Standard Code for Information Interchange. One of 
the few genuine standards in the microcomputer world. This 
code assigns binary (on/off) values to the 7-bit capability of 
the computer (plus the extra 8th bit to signal the end of the 
character or to be used as a parity bit to check for errors). IBM 
Extended ASCII is a similar code set that uses the 8th bit for an 
additional 128 characters rather than as a parity bit. ASCII is 
used in sending data and other binary information, such as 
through a telephone modem. 

ASCD character. A 1-byte character from the ASCII character set, 
including alphabetic and numeric characters, punctuation 
symbols, and various graphic characters. 

Assemble. To translate a program expressed in an assembler 
language into a computer machine language. 

Assembly language. A computer-oriented language whose 
instructions are usually in one-to-one correspondence with 
machine language instructions. 

Asynch. An abbreviation for "asynchronous," generally applied to 
communications and the way in which a character is 
transmitted and checked. Each character is segmented 
individually, such as with a stop bit. 

Asynchronous communication. Data transfer, the timing of which is 
dependent on the actual time for the transfer to take place, as 
opposed to synchronous communication, which is rigidly timed 
by an external clock signal. 
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Attribute byte. A byte of information, held in the directory entry of 
any file, that describes various attributes of the file, such as 
whether it is a read-only file or has been backed up since it 
was last changed. These attributes can be set by the DOS 
ATTRIB command. 

Audio. A signal that can be heard, such as through the speaker of 
the PC. Diagnostics use both visual codes (on the screen) and 
audio signals. 

Audio frequencies. Frequencies that can be heard by the human ear 
(approximately 20 Hz to 20,000 Hz). 

AUTOEXEC.BAT. A special batch file that DOS will execute upon 
starting. It contains any number of DOS commands, which are 
automatically executed. 

Automatic head parking. Disk drive head parking performed 
automatically whenever the drive is powered off. This feature is 
found in all hard disk drives with a voice coil actuator. 

Auxiliary storage. A storage device that is not main storage. 

Average latency. The average time required for any byte of data 
stored on a disk to rotate under the disk drive's read/write 
head. This is equal to one-half of the time for a single rotation 
of a platter. 

Average seek time. The average time required for a disk drive's 
read/write heads to move from one track to another. Usually 
expressed as the time for a seek across one-third of the total 
number of tracks. 

Backup. The process of duplicating a file or library onto a separate 
piece of media. Good insurance against loss of an original. 

Backup disk. Contains information copied from another disk. Used to 
make sure that original information is not destroyed or altered. 

Bad sector. A disk sector that cannot reliably hold data because of a 
media flaw or damaged format markings. 

Bad track table. A label affixed to the casing of a hard disk drive 
that tells which tracks are flawed and cannot hold data. The 
listing is entered into the low-level formatting program. 

Bank. The collection of memory chips that make up a block of 
memory that is readable by the processor in a single bus cycle. 
This block must therefore be as large as the data bus of the 
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particular microprocessor. In IBM systems, the processor data 
bus is usually 8, 16, or 32 bits, plus a parity bit for each 8 bits, 
resulting in a total of 9, 18, or 36 bits for each bank. 

BASIC. Beginner's All-Purpose Symbolic Instruction Code. One of the 
most common computer languages. The IBM PC has three 
versions: Cassette, Disk, and Advanced. Cassette BASIC resides 
in read-only memory (ROM) and is loaded automatically if no 
DOS is found when the system is started. Disk BASIC and 
Advanced BASIC (BASICA) are on the DOS diskette. 

Batch file. A file that contains a series of commands that DOS 
executes when the file is called. Batch files have a BAT 
extension. 

Baud. A measure of the rate of data transmission. The transmitting 
signal is split into a certain number of parts (usually frequency 
or signal changes) per second. A rate of 300 baud means that 
300 frequency or signal changes per second are being sent. 
This is usually roughly equivalent to an equal number of bits 
per second. 

Bay. An opening in a computer cabinet, that holds disk drives. 

Bezel. A cosmetic panel that covers the face of a drive or some other 
device. 

Bisynchronous. A method of communication between a mainframe 
computer and a minicomputer. 

Bidirectional. Refers to lines over which data can move in two 
directions, like a data bus or a telephone line. It also refers to 
the capability of a printer to print alternately from right to left 
and from left to right. 

Binary. Refers to the computer numbering system consisting of two 
numerals, 0 and 1. Also called Base-2. 

BIOS. Basic Input/Output System. The part of an operating system 
that handles the communications between the computer and its 
peripherals. These programs are often burned into read-only 
memory (ROM) chips. 

Bit. Binary digit. A bit is represented logically by 0 or 1 and 
electrically by 0 volts (low condition) and (typically) 5 volts 
(high condition). Other ways are available to physically 
represent binary digits (tones, different voltages, lights, etc.), 
but the logic is always the same. 
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Block. A string of records, a string of words, or a character string 
formed for technical or logic reasons, to be treated as an entity. 

Block diagram. The logical structure or layout of a system in graphic 
form. Does not necessarily match the actual physical layout and 
does not specify all the components and their interconnections. 

Boolean operation. Any operation in which each of the operands 
and the result take one of two values. 

Boot. To load a program into the computer. The term comes from 
"bootstrap," which in turn comes from "pulling a boot on by 
the bootstrap." In simple terms, it means the computer is 
loading and starting an operating system. 

Boot record. A one-sector record that tells the computer's built-in 
operating system (BIOS) the most fundamental facts about a 
disk and DOS. The information it supplies instructs the 
computer how to load the operating system files into memory, 
thus booting the machine. 

Boot strap. A technique or device designed to bring itself into a 
desired state by means of its own action. 

Buffer. A segment of memory used to store data temporarily while 
the data is being transferred from one device to another. A 
common example is a printer buffer. This device stores the 
incoming data at full computer speed and sends it to the printer 
at a speed the printer can handle. 

Bug. An error or defect in a program. 

Bus. An electrical pathway over which power, data, and other 
signals travel. 

Byte. A collection of bits that makes up a character or other 
designation. Generally a byte is 8 data bits. 

Capacitor. A device consisting of two plates separated by insulating 
material and designed to store an electrical charge. 

Card. A printed circuit board that contains electronic components 
that form the entire circuit. Also called an adapter. 

Carrier. The reference signal used for the transmission or reception 
of data. The most common use of this signal with computers 
involves modem communications over phone lines. The carrier 
is used as a signal on which the information is superimposed. 
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Cathode ray tube. A device that contains electrodes surrounded by 
a glass sphere/cylinder and that will display information by 
creating a beam of electrons that strike a phosphor coating 
inside the display unit. 

Channel. A path along which signals can be sent. 

Checksum. Short for summation check, a technique for determining 
whether a package of data is valid. The package, a string of 
binary digits, is added up and compared with the expected 
number. 

Chip. Another name for an IC, or integrated circuit. Derived from the 
"chip" of silicon contained within the IC. Chips are either 
housed in a plastic or ceramic carrier device with pins for 
making electrical connections. 

Circuit. A complete electronic path. 

Circuit board. The collection of circuits gathered together on a sheet 
of plastic, usually with all contacts made through a strip of 
pins. The circuit board is usually made by chemically etching 
metal-coated plastic. 

Clean room. A dust-free room in which certain electronic 
components must be manufactured to prevent contamination. 
Required for servicing these components (such as hard disk 
drives) as well. These rooms are rated by a "Class" number. A 
Class 100 clean room must have fewer than 100 particles larger 
than 0.5 microns per cubic foot of space. 

Clock. The source of a computer's timing signals. Every operation of 
the CPU is synchronized by the clock. 

Cluster. A group of one or more sectors, that is the basic unit in 
which DOS allocated disk space. The number of sectors in a 
cluster varies by disk type and DOS version. 

CMOS. Complementary Metal Oxide Semiconductor. A type of chip 
design that requires very little power to operate. In an AT type 
of system, a battery-powered CMOS memory and clock chip is 
used to store and maintain the clock setting and system 
configuration information. 

Coprocessor. Additional computer processing unit designed to 
handle specific tasks in conjunction with the main or central 
processing unit. 
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Coated media. Hard disk platters coated with a reddish iron-oxide 
medium on which data is recorded. 

Command. An instruction that tells the computer to start, stop, or 
continue an operation. 

COMMAND.COM. An operating system file, which is loaded last 
when the computer is booted. The command interpreter or user 
interface and program loader portion of DOS. 

Common. The ground or return path for an electrical signal. If this is 
a wire, it is usually colored black. 

Composite Video. Television picture information and sync pulses 
combined. The IBM Color Graphics Adapter (CGA) will output a 
composite video signal. 

Computer. Device capable of accepting data, applying prescribed 
processes to this data, and displaying the results or information 
produced. 

CONFIG.SYS. A file that may be created to tell DOS how to 
configure itself when the machine starts up. CONFIG.SYS can 
load device drivers, set the number of DOS buffers, and so on. 

Configuration file. A file kept by application software to record 
various aspects of the software's configuration, such as the 
printer it uses. CONFIG.SYS is the DOS configuration file. 

Console. The unit in your system from which you communicate to 
the computer, such as a terminal or a keyboard. 

Contiguous. Touching or joined together at the edge or boundary, in 
one piece. 

Continuity. In electronics, an unbroken pathway. Testing for 
continuity normally means testing to find out whether a wire or 
other conductor is complete and unbroken (by measuring 0 
ohms). A broken wire will show infinite resistance (or infinite 
ohms). 

Control cable. The wider of two cables that connects a hard disk 
drive to a controller card. 

Controller. The electronics that control a device, such as a hard disk 
drive, and intermediate the passage of data between the device 
and the computer. 

http:COMMAND.COM


Glossary 695 

Controller card. An adapter holding the control electronics for one or 
more devices such as hard disks. Ordinarily, this adapter takes 
up one of the computer's slots. 

Core. An "old-fashioned" term for your computer's memory. 

CP/M. Control Program for Microcomputers. One of the first and, 
until the advent of the IBM PC, most widely used 
microcomputer operating systems. It survives in the PC world 
primarily under the name CP/M-86 (for the 8088/8086 
microprocessors). 

CPS. 	Cycles Per Second. Usually expressed as "Hertz" (Hz). For 
printers, this also can mean Characters Per Second, which is 
used to benchmark the speed of a printer. 

CPU. Central Processing Unit. The computer's microprocessor chip, 
the brains of the outfit. Typically, this is an IC using VLSI (very 
large scale integration) technology to pack several different 
functions into a small area. The most common electronic device 
in the CPU is the transistor, of which there are usually 30,000 
to 1,000,000 or more. 

Crash. A malfunction that brings work to a halt. A system crash is 
usually caused by a software malfunction, and you ordinarily 
can restart the system by rebooting the machine. However, a 
head crash entails physical damage to a disk and probable data 
loss. 

CRC. Cyclic Redundancy Check. A technique for checking 
transmitted data for errors. It is commonly used to verify 
data written to disk. 

CRT. Cathode Ray Tube. A term used to describe a television or 
monitor screen tube. 

Current. The flow of electrons through a conductor of electricity. 
Electrical current energy is measured in amperes. 

Cursor. The small flashing mark that appears on the monitor screen 
to indicate the point at which any input from the keyboard will 
be placed. 

Cycle time. The period of time between the beginning and end of 
any type of cycle. 

Cylinder. A number of tracks on a disk that are on each side of all 
of the disk platters in a stack and that are the same distance 
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from the center of the disk. A cylinder is the total number of 
tracks that can be read without moving the heads. A floppy 
drive with two heads may be capable of reading 160 tracks, 
which are accessible as 80 cylinders (80 tracks by 2 sides). A 
typical 20-megabyte hard disk will have 2 platters with 4 heads 
and 615 cylinders, where each cylinder is 4 tracks. 

Daisy chain. Stringing up components in such a manner that the 
signals move in serial fashion from one to the other. Most 
microcomputer multiple disk drive systems are daisy chained. 
The SCSI bus system is a daisy-chain arrangement, wherein the 
signals move from computer to disk drives to tape units, etc. 

Data. Groups of facts that are processed into information. Data is a 
graphic or textual representation of facts, concepts, numbers, 
letters, symbols, or instructions used for communication or 
processing. 

Data cable. The narrower of two cables that connect a hard disk 
drive to a controller card. 

Data transfer rate. The maximum rate at which data can be 
transferred from one device to another. 

DC. Direct current, such as that provided by a power supply or 
batteries. 

DC-SOO. Data Cartridge 600, a media, invented by 3M in 1971, that 
uses 1I4-inch wide tape that is 600 feet in length. 

DCE. Data Communications Equipment. Hardware that does the 
actual communication. Data Terminal Equipment (DTE) is the 
source and destination of data. A computer or terminal is 
usually configured as DTE, and a modem is configured as DCE. 

Deallocated cluster. A cluster of disk space marked in the file 
allocation table as "available" after the file that used it has 
been erased. 

DEBUG. The name of a utility program included with DOS that is 
used for specialized purposes such as altering memory 
locations, tracing the execution of programs, patching programs 
and disk sectors, and other low-level tasks. Also a term used to 
find problems in hardware or software, with the intent of 
eliminating the problem. 
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Dedicated servo surface. In voice-coil-actuated hard disk drives, a 
dedicated servo surface is one side of one platter given over to 
servo data that is used to guide and position the read/write 
heads. 

Default. An assumption the computer makes when no other 
parameters are specified. When you type elir, for example, 
without specifying the drive to search, the computer 
automatically searches the default drive and assumes that this 
is what you want. The term is used in software to describe any 
action the computer or program takes on its own with 
embedded values. 

Density. The amount of data that can be packed into a given area 
on a floppy disk. 

Device driver. A memory-resident program, loaded by CONFIG.SYS, 
that controls an unusual device, such as an expanded memory 
board. 

Diagnostics. Programs used to check the operation of a computer 
system. These programs allow the operator to check the entire 
system for any problems and to indicate in what area the 
problem lies. 

DIP. Dual Inline Package. The plastic or ceramic carrier device that 
houses a chip or other electrical device. 

DIP switch. A tiny switch (or group of switches) found on a circuit 
board. Named for the form factor of the carrier device in which 
the switch is housed. 

Direct memory access. A process by which data moves directly 
between a disk drive (or other device) and system memory 
without direct control of the central processing unit, thus 
freeing it up for other tasks. 

Directory. An area of a disk that stores the titles given to the files 
saved on the disk. The directory serves as a "table of contents" 
for the files saved on the disk. The directory contains data that 
identifies the name of a file, the size, the attributes (system, 
hidden, read-only, etc.), the date and time of creation, and a 
pointer to the location of the file. 

Directory entry. The 32-byte record, held in a directory, that tells a 
file's name, size, time and data, starting cluster, and other 
pertinent information. 
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Disk Operating System. DOS. A collection of programs stored on the 
DOS disk. These programs contain routines that allow the 
system and user to manage information and the hardware 
resources of the computer. A DOS must be loaded into the 
computer before you start other programs. 

Diskette. A floppy disk. The disk is made of a flexible material that 
is coated with magnetic substance. The disk spins inside its 
protective jacket, and the read/write head comes in contact 
with the recording surface to read or write data. 

DMA. Direct Memory Access. This is a circuit by which a high-speed 
transfer of information may be facilitated between a device and 
the memory of a system. This transfer is managed by a 
specialized processor that relieves the burden of managing the 
transfer from the main CPU. DMA channels may work 
simultaneously. 

Downtime. Operating time lost due to a computer malfunction. 

Drive. A mechanical device that manipulates data storage media. 

DTE. Data Terminal Equipment. The source of data and the 
destination of data. Data Communication Equipment (DCE) is 
the hardware that does the actual communication. A computer 
or terminal is usually configured as DTE, and a modem is 
configured as DCE. 

Edit. The process of rearranging data or information. 

Electronic mail. A method of transferring messages from one 
computer to another. 

Embedded servo data. Magnetic markings embedded between or 
inside of tracks on disk drives that use voice coil actuators. 
These markings allow the actuator to fine tune the position of 
the read/write heads. 

Encoding. The protocol by which data is carried or stored by a 
medium. 

Encryption. The translation of data into unreadable codes to 
maintain security. 

EPROM. Erasable Programmable Read-Only Memory. A type of read­
only memory (ROM) where the data pattern may be erased to 
allow a new pattern. EPROMs are usually erased by ultraviolet 
light and recorded by a higher than normal voltage 
programming signal. 
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Error message. A word or combination of words to indicate to the 
user that an error occurred while the program was operating. 

Extended partition. Starting with DOS 3.3, a hard disk may have 
two partitions that serve DOS-an ordinary, bootable partition 
(called the primary partition) and an extended partition, which 
may contain any number of volumes of up to 32 megabytes 
each. 

File. A collection of information that is kept somewhere other than 
in the random-access memory. 

File allocation table. A table held near the outer edge of a disk that 
tells which sectors are allocated to each file and in what order. 

File attribute. Information held in the attribute byte of a file's 
directory entry. 

File defragmentation. The process of rearranging disk sectors so 
that files are compacted onto consecutive or contiguous sectors 
in adjacent tracks. 

File recovery. Techniques for repairing and reassembling files that 
have incurred one or more bad sectors. 

File name. The name given to the disk file. Must be one to eight 
characters long and may be followed by a file name extension, 
which can be one to three characters long. A file name can be 
made up of any combination of letters and numbers but should 
be descriptive of the information contained on the file. 

Fixed disk. Referred to also as a hard disk. A disk that cannot be 
removed from its controlling hardware or housing. Made of rigid 
material with a magnetic coating and used for the mass storage 
and retrieval of data. 

Floppy tape. A tape standard using drives that connect to an 
ordinary floppy disk controller. 

FM encoding. Frequency Modulation encoding. An outdated method 
of encoding data on the disk surface that uses up half the disk 
space with timing signals. 

Form factor. The physical dimensions of a device. Two devices with 
the same form factor are physically interchangeable. The mM 
PC, XT, and XT Model 286, for example, all use power supplies 
that are internally different but have exactly the same form 
factor. 
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FORMAT.COM. The DOS format program that performs both low­

and high-level formatting on floppy disks but only high-level 

formatting on hard disks. 


Formatted capacity. The total number of bytes of data that can fit 
onto a disk after it has been formatted. The unformatted 
capacity is higher because space is lost defining the boundaries 
between sectors after the disk has been formatted. 

Formatting. Preparing a disk so that the computer can read or write 
to it. Formatting checks the disk for defects and constructs an 
organizational system to manage information on the disk. 

Function Keys. Special-purpose keys that can be programmed to 

perform various operations. These keys serve many different 

functions depending on the program being used. 


Giga. A multiplier indicating one billion (1,000,000,000) of something. 
Abbreviated as "gil or "G." When used to indicate a number of 
bytes of memory storage, the multiplier definition changes to 
1,073,741,824. One gigabit, for example, equals 1,000,000,000 
bits, and one gigabyte equals 1,073,741,824 bytes. 

Gigabyte. A unit of information storage. One gigabyte equals 
, 1,073,741,824 bytes. 

Global backup. A backup of all information on a hard disk, including 
the directory tree structure. 

Hard error. An error in reading or writing data, caused by damaged 
hardware. 

Hardware. Physical components that make up a microcomputer, 

monitor, printer, etc. 


Head. A small electromagnetic device inside a drive, that reads, 

records, and erases data on the media. 


Head actuator. The device that moves read/write heads across a 
disk drive's platters. Most drives use a stepper motor actuator 
or a voice coil actuator. 

Head crasb. A rare occurrence in which a read/write bead strikes a 
platter surface, gouging the magnetic medium. 

Head parking. A procedure in which a disk drive read/write beads 
are moved to an unused track so that they will not damage 
data in the event of a bead crash or other failure. 
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Head seek. The movement of a drive's read/write heads to a 
particular track. 

Hexadecimal number. A number encoded in base-16, such that 
digits include the letters A through F as well as the numerals 0 
to 9 (for example, 8BF3, which equals 35,827 in base-10). 

Hidden file. A file that is not displayed in DOS directory listings 
because its attribute byte holds a special setting. 

High-level format~ing. Formatting performed by the DOS FORMAT 
program. Among other things, it creates the root directory and 
the file allocation tables. 

History file. A file created by utility software to keep track of earlier 
use of the software. Many backup programs, for example, keep 
history files describing earlier backup sessions. 

I/O. Input/Output. A circuit path that allows independent 
communications between the processor and external devices. 

mMBIO.COM. One of the DOS system files required to boot the 
system. This is the first file loaded from disk during boot, and 
it contains extensions to the ROM BIOS. . 

mMDOS.COM. One of the DOS system files required to boot the 
machine. This file contains the primary DOS routines. Loaded 
by IBMBIO.COM, it in turns loads COMMAND.COM. 

Incremental backup. A backup of all files that have changed since 
the last backup. 

Input. Data sent to the computer from the keyboard, the telephone, 
the video camera, another computer, paddles, joysticks, etc. 

Instruction. Program step that tells the computer what to do for a 
single operation. 

Interface. A communications device or protocol that allows one 
device to communicate with another. The interface matches the 
output of one device to the input of the other device. 

Interleave. The numbering of sectors on a track so that the "next" 
sector arrives at the read/write heads just as the computer is 
ready to access it. 

Interleave factor. The number of sectors that pass beneath the 
read/write heads before the "next" numbered sector arrives. 
When the interleave factor is 3 to 1, for example, a sector is 
read, two pass by, and then the next is read. 

http:COMMAND.COM
http:IBMBIO.COM
http:mMDOS.COM
http:mMBIO.COM
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Internal command. In DOS, an internal command is one contained in 
COMMAND.COM so that no other file must be loaded to 
perform the command. DIR and COpy are two examples of 
internal commands. 

Internal drive. A disk or tape drive mounted inside one of a 
computer's disk drive bays (or a hard disk card, which is 
installed in one of the computer's slots). 

Interrupt. A suspension of a process, such as the execution of a 
computer program, caused by an event external to that process 
and performed in such a way that the process can be resumed. 

Interrupt vector. A pointer in a table that gives the location of a set 
of instructions that the computer should execute when a 
particular interrupt occurs. 

Jumper. A tiny connector that slips over two pins that protrude from 
a circuit board. When in place, the jumper connects the pins 
electrically. By doing so, it connects the two terminals of a 
switch, turning it "on." 

Key disk. In software copy protection, a key disk is a distribution 
disk that must be present in a floppy disk drive for an 
application program to run. 

Keyboard macro. A series of keystrokes automatically input when a 
single key is pressed. 

Kilo. A multiplier indicating one thousand (1,000) of something. 
Abbreviated as uk" or "K." When used to indicate a number of 
bytes of memory storage, the multiplier definition changes to 
1,024. One kilobit, for example, equals 1,000 bits, and one 
kilobyte equals 1 ,024 bytes. 

Kilobyte. A unit of information storage. One kilobyte equals 1,024 
bytes. 

Landing zone. An unused track on a disk surface that the read/ 
write heads can land on when power is shut off. This is the 
place that a parking program or a drive with an autopark 
mechanism will park the heads. 

Logical drive. A drive as named by a DOS drive specifier, such as C: 
or D:. Under DOS 3.3 or later, a single physical drive may act as 
several logical drives, each with its own specifier. 
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Lost clusters. Clusters that have accidentally been marked as 
"unavailable" in the file allocation table even though they 
belong to no file listed in a directory. 

Low-level formatting. Formatting that divides tracks into sectors on 
the platter surfaces. This type of format will place sector 
identifying information before and after each sector and fill 
each sector with null data (usually hex F6). In this format, the 
sector interleave is specified and defective tracks are marked. A 
defective track is marked when invalid checksum figures are 
placed in each sector on a defective track. 

Magnetic domain. A tiny segment of a track just large enough to 
hold one of the magnetic flux reversals that encode data on a 
disk surface. 

Magneto-optical recording. An erasable optical disk recording 
technique that uses a laser beam to heat pits on the disk 
surface to the point that a magnet can make flux changes. 

Master boot record. On hard disks, a one-sector record that gives 
essential information about the disk and tells the starting 
locations of the various partitions. This is always the first 
physical sector of the disk. 

Mean time between failure. A statistically derived measure of the 
probable time a device will operate before a hardware failure 
occurs. Usually abbreviated as MTBF. 

Medium. The magnetic coating or plating that covers a disk or tape. 

Mega. A multiplier indicating one million (1,000,000) of something. 
Abbreviated as "m" or "M." When used to indicate a number of 
bytes of memory storage, the multiplier definition changes to 
1,048,576. One megabit, for example, equals 1,000,000 bits, and 
one megabyte equals 1,048,576 bytes. 

Megabyte. A unit of information storage. One megabyte equals 
1,048,576 bytes. 

•Memory. Any component in a computer system that stores 
information for future use. 

Memory caching. A service provided by extremely fast memory 
chips that keeps copies of the most recent memory accesses. 
When the CPU makes a subsequent access, the value is 
supplied by the fast memory rather than from relatively slow 
system memory. 
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Memory-resident program. A program that remains in memory once 
it has been loaded, consuming memory that might otherwise be 
used by application software. Once loaded in memory, the 
program may be activated at any time, even during another 
program. 

Menu software. Utility software that makes a computer easier to use 
by replacing DOS commands with a series of menu selections. 

MFM. Modified Frequency Modulation encoding. 

MHz. Megahertz. A measurement of millions of cycles per second. 

Micro. A prefix indicating one millionth (1/1,000,000 or 0.000001) of 
some unit. Abbreviated as J.L. 

Microprocessor. A solid state central processing unit that is much 
like a computer on a chip. It is an integrated circuit that 
accepts coded instructions for execution. 

Microsecond. A unit of time equal to one millionth (111,000,000 or 
0.000001) of a second. Abbreviated as J.Ls. 

Milli. A prefix indicating one thousandth (1/1,000 or 0.001) of some 
unit. Abbreviated as "m." 

Millisecond. A unit of time equal to one thousandth (111,000 or 
0.001) of a second. Abbreviated as "ms." 

Modem. Modulator/demodulator. A device that converts electrical 
signals from a computer into an audio form transmittable over 
telephone lines, or vice versa. 

Modified frequency modulation encoding. A method of encoding 
data on the surface of a disk. The coding of a bit of data varies 
by the coding of the preceding bit to preserve clocking 
information. 

Module. An assembly that contains a complete circuit or subcircuit. 

Motherboard. The main circuit board in the computer. Also called 
Planar, System Board, or Backplane. 

MTBF. Mean Time Between Failure. A statistical figure giving the 
average time before an electrical component or device should 
fail. 

Multitasking. The act of running several programs simultaneously. 

Multiuser system. A system in which several computer terminals 
share the same CPU. 
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Nano. A prefix indicating one billionth (1/1,000,000,000 or 
0.000000001) of some unit. Abbreviated as "n." 

Nanosecond. A unit of time equal to one billionth (1/1,000,000,000 or 
0.000000001) of a second. Abbreviated as "ns." 

Network. A system in which a number of independent computers 
are linked together to share data and peripherals, such as hard 
disks and printers. 

Nonvolatile RAM disk. A RAM disk powered by a battery supply so 
that it continues to hold its data during a power outage. 

Operating System. Collection of programs for operating the 
computer. Operating systems perform housekeeping tasks such 
as input/output between the computer and peripherals and 
accepting and interpreting information from the keyboard. 

Optical disk. A disk that encodes data as a series of reflective pits 
that are read (and sometimes written) by a laser beam. 

OS/2. IBM and Microsoft's new generation multitasking operating 
system for ATs and most PS/2 systems. 

Output. Information or the act of sending the information processed 
by the computer to a mass storage device such as a video 
display, a printer, or a modem. 

Overlay. Part of a program that is loaded into memory only at the 
times it is required. 

Overrun. A situation in which data moves from one device faster 
than a second device can accept it. 

Overwrite. To write data on top of existing data, erasing the original 
data. 

Parallel. A method of transferring data in which the bits travel 
down a number of wires simultaneously. 

Parity. Method of error checking in which an extra bit is sent to the 
receiving device to indicate whether an even or odd number of 
binary 1 bits were transmitted. The receiving unit compares the 
information received against this bit and can obtain a 
reasonable judgment about the validity of the character. 

Park program. A program that executes a seek to the highest 
cylinder, or just past the highest cylinder of a drive. This is so 
that the potential of data loss is minimized if the drive is 
moved. 
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allocation unit, 320-321 �
circuit boards, 308 �
cleaning, 346-347 �
cluster, 320-321 �
configuration devices, 309-314 �
configuring, 341-345 �
connectors, 309 �
cylinder, 320 �
data backup procedures 502 �
diagram, 304 ' �
different densities, 327-329 �
faceplate, 308 �
format table, 318-319 �
head actuator, 306 �
installing, 341-345 �
logic boards, 308 �
operation, 314-321 �
physical installation, 345 �
read/write heads, 305-306 �
repairing, 345-346 �
spindle motor, 307 �
troubleshooting, 576-578 �
types �

3 112-inch, 324-325 �
5 1/4-inch, 321-323 �
full-height, 325-327 �
half-height, 325-327 �

floppy disks �
3 112-inch, 331-332 �
5 1/4-inch, 331-332 �
care and feeding, 338-341 �
coercivity, 336-339 �
construction, 330-332 �
double-sided, 333-335 �
hard-sectored, 330-333 �
popular myths,.339-341 �
single-sided, 333-335 �
soft-sectored, 330-333 �
types and specifications, 333-339 �

flowcharts for troubleshooting 570 �
formatting hard disks ' �

defect mapping, 429 �
high-level format, 432 �
interleave selection, 429 �
low-level format, 428-429 �
software tools, 429-432 �

formatting problems, 316-317 �
full-height disk drives, 325-327 �
Future Domain SCSI, 406 �

G 

Geneva Enterprises, 428 �
Golden Bow, 428 �
guide to operations, 36 �
guidelines for troubleshooting, 568 �

H 

half-height �
disk drives, 325-327 �
drives, 377 �

hand tools, 172-173 �
hard disk controllers, 149-150 �
hard disk drives �

adding, 524 �
air filters, 360 �
background of, 352 �
bezel, 374-375 �
cables and connectors, 371-373 �
cleaning, 479 �
configuration items, 369-375 �
construction and operation, �

353-375 �
controllers, 400-406, 580 �
controllers and interfaces, 394-395 �
cost, 385 �
data transfer rates (table) 399 �
disk platters, 354-357 ' �

oxide media, 357 �
plated media, 357 �
sputtering, 357 �

drive components, 353-354 �
drive parameter table 385-392 �
drive-select jumpers, 370-371 �
error codes, 575-576 �
features, 379-392 �
form factor, 377-378 �
formatting, 428-432 �
head actuators, 360-367, 378 �

stepper motor actuators, �
360-364 �

voice coil actuators, 360-367 �
head parking, 379-382 �
installing, 416-432 �
interfaces, 376, 407-415 �
�~�t�e�r�l�e�a�v�e� specification, 395-400 �
mterleaving (table), 398 �
logic boards, 369 �
low-level format, 579 �
oxide media, 355-356 �
partitioning, 431-432 �
physical operation, 375-376 �
plated media, 356 �
PS/2 Model 25, 103-105 �
read/write heads, 358-359 �

composite ferrite heads, 359 �
thin film heads, 359 �

recommendations, 393-415 �
reformatting, 479, 480, 481 �
reliability, 382-383 �
repairing, 432-433 �
selecting, 385-392 �
shock mounting, 384 �
software installation, 428-432 �
speed, 383-384 �
spindle ground strap, 367-369 �

spindle motors, 367 �
sputtering, 356 �
terminating resistors, 371 �
troubleshooting, 575 �
types, 376-378 �
Winchester, 352 �

hard-sectored disks, 330-333 �
hardware �

adapters, 282-284 �
cleaning, 471-472 �
compared to software problems �

609 ' �
for data backup, 501 �

floppy drives, 502 �
tape backup systems, 503-508 �

hard disks, 351-433 �
keyboards, 293-301 �
line conditioners, 494 �
maintenance, 469-475 �
managing, 220-221 �
memory, 266-280 �
microprocessors, 230-265 �
motherboards, 217-219, 229 �
PC, 47-48 �
power supply, 284-293, 492 �
power-protection equipment, �

492-497 �
servicing video, 448 �
slots, 277-278, 281-282 �
speeding up, 525-539 �
surge protectors, 493-494 �
system components, 223-229 �
system teardown and inspection �

171-221 ' �
troubleshooting, 567-580 �
upgrading, 515-539 �

Hardware Interrupt Request (IRQ) �
channels, 148 �

hardware level, 163-166 �
compatibility, 148-150 �

hardware maintenance manuals, 37-38 �
Hauppauge, 245 �
head actuators, 305-306 �

performance table, 361 �
�s�t�~�p�p�e�r� �~�o�t�o�r� actuators, 360-365 �
vOice coil actuators, 360-367 �

Head Disk Assembly (HDAl. 354 �
head parking, 379-382 �
heating and cooling, 482-486 �
high-density disks, 316-317 �
high-level format, 432 �
history �

Apple II, 9 �
mM PC, 10 �
personal computers, 7-10 �

hybrid designs, 231 �
hysteresis, 481 �
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and DOS, 586 


IBM 

comparison of PC, XT, and AT, 


15-16 

compatibles, 164-166 


selecting, 150-152 

Guide to Operations (GTO) 


manual, 550-552 

Hardware Maintenance Service 


manual, 553-556 

System Diagnostics Disk, 550-552 


IBM analog monitors, 446-447 

IBM AT 


see AT 

IBM Display Adapter 8514/A, 444 

IBM Memory Expansion Card, 439-440 

IBM Monochrome Display, 437-438 

IBM PC 


see PC 

history of, 10 


IBM PC AT 

see AT 

system features, 14 


IBM PC DOS, 158 

IBM PC XT 


see XT 

IBM Personal Systernl2 


see PS/2, 
IBM Portable PC, 71 

IBM ROM versions (table), 269-270 

IBM XT 


see XT 

IBMBIO.COM, 586 

IBMDOS.COM, 586 

IC (integrated circuit), 8 

ICE (In Circuit Emulator) board, 


531-533 

for the AT, 538-539 


Industry Standard Architecture (ISA), 

13-14, 277 


inspecting system, 171-221 

installing 


floppy disk drives, 341-345 

hard disks 


autoconfigure controllers, 

422-425 


cable types, 417 

configuring, 416-428 

drive-select jumper setting, 417 

formatting and software, 


428-432 

physical installation, 418-428 

SETUP program, 425-428 

terminating resistors, 418 


memory chips, 517-520 

integrated circuit (IC), 8 

Intel, 8 


Intel Inboard 386/PC, 148 

interfaces 


ESDI, 412-414 

hard disk, 394-395 

ST-506/412, 407-411 


interfaces for hard disk drives, 376 

interference problems, 488-490 

interleave 


selection, 429 

speCification, 395-400 


internal tape units, 507 

IRQ (Hardware Interrupt Request) 


channels, 148 

ISA (Industry Standard Architecture), 


13-14, 277 


K 

keyboard, 223 

connector specifications (table), 


573-574 

error codes, 574 

troubleshooting, 573-574 

XT,58 


keyboards, 293 

adapter for 3270, 65 

AT, 295-297, 301 

cables, 300-301 

cleaning, 299 

Enhanced Keyboard, 296-298 

layout, 297 

PC, 295-297, 301 

PS/2, 297 

repairing, 300-301 

standard IBM PC keyboards, 296 

table of models, 295-297 

types, 294 

XT,297 


keycaps 

cleaning, 299 

removable, 298 

removal tools, 299 


L 

labeling disks, 338-339 

labor requirements of PS/2, 95 

LAN stations, 104 

laptop computer, 49-50 

last-ditch fixes, 581 

LCD (Liquid Crystal Display), 49 

LED (Light Emitting Diode), 374-375 

levels of compatibility 


see compatibility 

LIM EMS, 455-457 

line conditioners, 494 

linear density, 334-335 

linear voice coil actuators, 366 

Liquid Crystal Display (LCD), 49 
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logic boards, 308, 369 

longitudinal density, 334-335 

low-level format, 428-429, 579 

lower density disks, 333-335 


M 

machines, 612-614 

magazines as resources, 612-614 

maintenance, 469-472 


backup power, 495-497 

cleaning connectors, 477-479 

cleaning drives, 479 

cleaning the boards, 477 

data backup systems, 497-508 

developing a program for, 470-472 

dust and pollutants, 490-491 

examining the operating 


environment, 482-491 

getting tools, 473-475 

interference problems, 488-490 

line conditioners, 494 

power line problems, 487-488 

power-protection equipment, 


492-493 

reformatting hard disks, 479-481 

reseating socketed chips, 476 

static electricity problems, 486-487 

surge protectors, 494 

warranty and service contracts, 


508-514 

Maintenance Analysis Procedures 


(MAPs),38 

managing hardware, 220-221 

manuals, 612-614 


hardware, 154-155 

service, 154-155 

technical reference, 153-154 


MAPs (Maintenance Analysis 

Procedures), 38 


math coprocessor, 233-234, 238-239 

math coprocessors 


adding, 525-526 

MCA (Micro Channel Architecture), 


17-18, 97-99, 143, 277, 460 

slots, 280-281 


MCGA (Multi-Color Graphics Array), 

24-25,436 


advantages of, 445 

memory usage, 28-30 

table of display modes, 446 


MDA adapters, 436 

memory usage, 29-30 


media access hole, 331-332 

media density selector hole, 332 

media-sensor jumper, 314 

memory 


see also chips 

adapter board ROM and RAM, 267 

allocation (table), 267 
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chips, 457-460 

conventional, 449-454 

DOS program, 24 

expanded, 22-23, 122, 449-456 

expanding, 515-523 

extended, 21, 122, 449-450, 454 

maximum addressable for AT, 35 

maximum addressable for PC, 35 

maximum usable for AT, 35 

maximum usable for PC, 35 

microprocessors, 259-260 

motherboard ROM, 267 

motherboards, 260-267 

organization of, 266-267 

reserved, 266 

ROM motherboard, 31-34 

selecting and installing chips, 


517-520 

speed ratings, 274-276 

testing, 276-277 

upgrading motherboard memory, 


516-523 

video, 24-30, 267 


memory boards, 449-457 

cleaning, 477-479 

res eating chips, 476 


memory devices 

chips, 457-460 

SIMMs, 457-460 


Memory Management Unit (MMU), 247 

memory maps 


1 megabyte, 19-21 

16 megabyte, 22-23 

review, 34 


memory-resident software, 608 

Mentor Electronics (ROM chips), 272 

meters, 175-176 

MFM (Modified Frequency 


Modulation), 408-411 

Micro Channel Architecture (MCA), 


17-18, 97-99, 143, 277, 460 

microprocessors 


see also individual listings 

4004,8 

8008,8 

80186, 236-237 

80188, 236-237 

80286, 239-242 

80287, 243-245 

80386, 246-247, 257-259 

80386SX, 246-248 

80486, 249 

8080, 8 

8088, 255-257 

address bus, 230-232 

data bus, 230-231 

defects in, 255-259 

memory, 259-265 

replacing, 527-535 

speed ratings, 249-253 

speeding, 254 


testing, 254 

types, 234-238, 250 


microprocessors operating modes 

protected, 451-452 

real, 451-452 

virtual 8086, 452-453 


Microscience, 394 

Microsoft, 10 

Microsoft Disk Operating System 


(MS-DOS), 157 

MicroWay, 245 

Miniscribe, 394 

MlTS Altair computer kit, 8 

MMU (Memory Management Unit), 247 

Model 25 


an overview, 101 

components, 102 

costs, 106 

hard disk, 103-105 

networking, 104 

specifications and highlights, 


102-104 

Model 30 


costs, 110 

features, 107 

introduction of, 106 

specifications and highlights, 


107-110 

Model 30 286 


costs, 116 

introduction of, 111 

specifications and highlights, 


112-115 

standard features, 111-115 


Model 50 

an overview, 117 

components, 118 

costs, 123 

introduction of, 117 

models, 121-122 

specifications and highlights, 


118-121 

Model 60 


components, 124 

costs, 128 

ESDI, 127 

introduction of, 123-124 

models,127 

specifications and highlights, 


125-127 

Model 70 


an overview, 128-129 

components, 129 

costs, 134 

introduction of, 128 

models (table), 133 

specifications and highlights, 


130-133 

Model 80 


an overview, 135-136 

components, 136 


costs, 140-141 

introduction of, 135 

models, 140 

specifications and highlights, 


137-139 

modems, 612-614 


for PC Convertible, 53 

modes 


high-density, 323 

protected, 145, 240-242, 246, 


451-452 

real, 21, 145, 240, 246, 451-452 

virtual 8086, 145, 452-453 

virtual real, 246-247 


Modified Frequency Modulation 
(MFM),408-411 

Monochrome Display Adapter (MDA) 
see MDA adapters"_ 

motherboards, 217;"224-229, 254 

adding 640K to XT;5zf-523 

AT, 534-535, 538-539 

cleaning, 477 

comparison of PC and PS/2 (table), 


218-219 

connector measurements (table), 


570 

disassembling 


AT,191 

PC and XT, 184 

PS/2 Model 30, 199 

PS/2 Models 50 and 70, 206-207 

PS/2 Models 60 and 80,216-217 


in IBM systems (table), 226-229 

memory, 516-523, 260-267 

memory chips, 261-265 

memory timing (table), 517-518 

mothercards, 533-535 

parity checking, 265-266 

PC, 534-535 

ROM BIOS, 20-23 

ROM memory, 31-34, 267 

slots, 277-282 

troubleshooting, 573 


motherboard-resident BIOS, 18 

mothercards, 533-535 

MS-DOS, 146, 157-161 

MTBF (Mean Time Between Failures), 


382 

Multi-Color Graphics Array (MCGA) 


see MCGA adapters, 29 

myths about diskettes, 340-341 


N·O 

nanoseconds, 274 

NEC 

DOS, 158 

V-20,16 

V-30, 16 


Novell Advanced Netware, 19 
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object code compatibility, 240 

OEM (Original Equipment 


Manufacturer), 148 

OEM licensed DOS, 157-161 

OEM licensed OS/2, 160-161 

OEMs, 161 

operating environment 


examining, 482-491 

operating system 


basics, 584-587 

compatibility, 146 


operating system software, 156-157 

AST DOS, 158 

AT&T DOS, 158 

COMPAQ DOS, 158 

DOS, 583-608 

IBM PC DOS, 158 

MS-DOS, 158-161 

OS/2, 21, 160-161 

Toshiba DOS, 158 

upgrading DOS versions, 542-545 

Zenith DOS, 158 


Orchid Tiny Turbo 296, 148 

OS/2, 17-18, 21, 146-148, 160-161 


with the 80286, 241-242 

oxide media, 355-357 


p 

parallel ports, 460-464 

error codes, 578 

troubleshooting, 578 


parity checking, 265-266 

partition table, 594 

partitioning 


aftermarket utilities, 432 

DOS 32M limitation, 432 

DOS FDISK, 431 


patches 

in DOS 3.3, 597 

in DOS 4.0, 598 


Paul Mace Software, 561 

PC 


adapters, 282-284 

autoconfigure controllers, 422-425 

compared with PS/2, 93-94 

component list, 46 

costs, 48 

data transfer rate, 399 

disassembling, 177-184 

double-density floppy controllers, 


18 

hard disk controller, 401 

instaIling hard disk, 419-422 

introduction to family, 43-44 

keyboard, 295-297, 301 

memory allocation, 267 

models 


5150 Model 166, 47-48 

5150 Model 176, 47-48 


motherboard, 218, 226, 534-535 

motherboard memory timing 


(table), 517 

power supply, 285-288, 292-293 

slots, 278-281 

specifications and highlights, 46-47 

system features, 13-18 

system ROM, 269 

system unit, 44-48 


PC Convertible, 49, 324 

128K memory card, 52 

automobile power adapter, 54 

battery charger, 53 

color display, 54 

costs, 55 

CRT display adapter, 53 

internal modem, 53 

models, 52 

monochrome display, 54 

options, 50 

printer, 52 

printer cable, 53 

serial/parallel adapter, 52 

software, 54 

specifications and highlights, 51-52 

standard features, 50 


PC DOS, 146 

PC family 8-bit slot, 278 

PC toolkit, 172-173 

PC Convertible ROM, 270 

PCjr system ROM, 270 

peripherals 


communications ports, 460-464 

compatibility, 149-150 

memory boards, 449-457 

memory devices, 458-460 

video display hardware, 435-448 


personal computers 

DOS program memory, 24 

history of, 7-10 

maximum memory, 35 

memory map, 20-23 

system features, 13-19 

video memory, 24-30 


Personal Systeml2 

see PS/2, 93, 244 


PGA, 436, 440 

Phoenix Software, 162, 272 

physical installation of hard disk drive, 


418-428 

pin resistance (table), 573 

plated media, 356-357 

pollutants, 490-491 

Portable PC, 71 


components, 72-73 

costs, 73 

specifications and highlights, 72-73 


POS (Programmable Option Selection), 

98 


POST (Power-On Self Test), 31, 268, 

548-549 


power cycling, 483-486 

power line nOise, 487-488 

power supplies, 492-494 


standby, 495-497 

uninterruptible, 495-497 


power supply, 284 

AT, 285-288, 292-293 

calculating usage, 289-293 

COMPAQ,293 

disassembling 


AT,190 

PC and XT, 182-184 

PS/2 Model 30, 197-199 

PS/2 Models 50 and 70, 205-206 

PS/2 Models 60 and 80, 212 


high failure rate, 579 

PC, 285-288, 292-293 

problems With, 286-287 

PS/2, 288-289, 292 

ratings, 287-288 

replacing, 292-293 

specifications (table), 288-289 

troubleshooting, 570-572 

XT, 286-288, 292 


power supply output, 164-166 

Power-On Self Test (POST), 31, 268, 


548-549 

power-protection equipment, 492 


line conditioners, 494 

standby power, 495-497 

surge protectors, 493-494 


presentation space, 66 

preventive maintenance 


see maintenance 

problems diagnosing, 281 

Professional Color Display, 440 

Programmable Option Selection (POS), 


98 

programmed symbols (PS), 65 

protected mode, 21, 145, 240-242, 246, 


451-452 

PS/2 


adapters, 284 

battery assembly, 201, 209-212 

compared with PC, 93-94 

data transfer rate, 399 

design and construction, 95 

digital versus analog, 441-443 

disassembling, 192 


Models 30 and 30-286, 193-199 

Models 50 and 70, 200-207 

Models 60 and 80, 208-217 


display adapters, 27-28 

displays and adapters, 441-447 

fan assembly, 201 

keyboard, 297 

Micro Channel Architecture (MCA), 


14, 97-99 

models 


see also individual models 

Model 25, 101-106 
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Model 30, 107-110 

Model 30 286, 111-116 

Model 50, 117-122 

Model 60, 123-128 

Model 70, 128-134 

Model 80, 135-141 

PS/2 Model 30, 106 


motherboard, 218-219, 226-229 

motherboard memory timing 


(table), 517-518 

power supply, 288-289, 292 

speaker assembly, 201, 209-212 

system ROM, 270 

system units, 100 

VGA, 440 

video capabilities, 96 


public domain diagnostics, 562-563 


Q-R 

quad-density, 335 

quick-reference manuals, 36 


Radio Frequency Interference (RFI) 
problems, 489-490 


RAM (random-access memory), 19-23 

read-only memory (ROM), 19-23 

read/write heads, 358 


composite ferrite heads, 359 

thin film heads, 359 


real mode, 21, 145, 240, 246, 451-452 

real time clock, 17-18 

RECOVER (DOS) command, 604-606 

reference manuals, 153-154 

reformatting hard disks, 479-481 

reliability 


of hard disk drives, 382-383 

of MCA systems, 98-99 


removable keycaps, 298 

repairing 


see also troubleshooting 

floppy disk drives, 345-346 

hard disks, 432-433 

keyboards, 300-301 


reserved memory, 266 

reset switch, 540-542 

resources for repair 


machines, 612-614 

magazines, 612-614 

manuals, 612-614 

modems, 612-614 


review of book concepts, 611-614 

RFI (Radio Frequency Interference), 


489-490 

RLL (Run Length Limited), 408-411 

ROM,548 


adapter board, 267 

AT system, 270 

AT versions, 273 

determining your system's BIOS, 


270 


PC Convertible, 270 

PCjr, 270 

PS/2 systems, 270 

system, 268-273 

table of IBM versions, 269-270 

upgrade, 271 

XT system, 270 

XT versions, 272 


ROM (read-only memory), 19-23, 31-34 

ROM BIOS, 20-23, 146, 161, 419 


AT,81 

Award,162 

compatibility, 147-148 

Phoenix, 162 


ROM dubbing kits, 428 

root directory, 595 

rotary voice coil actuators, 366-367 

rules for troubleshooting, 568 

Run Length Limited (RLL), 408-411 


s 
Scientific Micro Systems Omti, 403-405 

SCSI (Small Computer Systems 


Interface), 413-415 

Seagate, 394 

sectors, 318-319, 594 


renumbering on hard disk, 398-399 

selecting a hard disk, 385-392 

semiconductor, 7 

serial ports, 460-462 


error codes, 578 

troubleshooting, 578 


service contracts, 508-514 

table of costs, 513 


servicing video hardware, 448 

SETUP program, 425-428 

SHIPDISK.COM, 380-382 

shock mounted hard disk drives, 384 

SHUTDOWN.EXE,381-382 

SIMMs (Single In1ine Memory Module), 


198-199, 263-263, 457-460 

single-sided 


disks, 333-335 

drive, 322 


slot speed, 164 

slots 


AT,278 

examining differences, 278-282 

lSA,277 

MCA, 277-281 

PC, 278 

PC family 8-bit slot, 278 

placing boards in, 281-282 

XT,278 


Small Computer Systems Interface 
(SCSI),413-415 


soft-sectored disks, 330-333 

software 


3270 PC, 66 


advanced diagnostics, 156, 553-558 

aftermarket diagnostics, 559-563 

compared with hardware 


problems, 609 

conflicts in, 608 

diagnostics, 547-552 

for data backup, 500 


OS, 501 

FASTBACK. 501 


for tape backup units, 506-507 

installation for hard disks, 428-432 

memory-resident, 608 

PC Convertible, 54 

systems, 156-162 

tools for formatting, 429-432 

troubleshooting, 583-608 


soldering tools, 173-174 

see also tools, 175 


spare parts 

list, 580-581 

program, 166 


speaker 

assembly, 201, 209-212 

troubleshooting, 579 


specificatiOns 

AT,76-77 

Model 25, 102-104 

Model 30, 107-110 

Model 30 286, 112-115 

Model 50, 118-121 

Model 60, 125-127 

Model 70, 130-133 

Model 80, 137-139 

PC, 46-47 

PC Convertible, 51-52 

Portable PC, 72-73 

XT,57-58 

XT Model 286, 87-88 


speed considerations for compatibility, 
164 


speed of hard disk drives, 383-384 

speed ratings 


AT,274 

cycle time, 274 

memory, 274-276 

microprocessors, 249-254 

nanoseconds, 274 

XT,274 


speeding up the system, 525-539 

speedup boards, 148 

spindle 


ground strap, 368-369 

motor, 307, 367 


sputtering, 356, 357 

ST-506/412 interface, 407-411 

standard 


controllers, 400-403 

personal computer keyboard, 296 


Standard Ready (SR) signal, 312-313 

standards, 165-166 

standby power supplies, 495-497 


http:SHIPDISK.COM
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start-up sequence (DOS), 588-589 PC Convertible, 51-52 
 ustarting the computer, 483-486 Portable PC, 72-73 

static electricity, 486-487 

I!tepper motol, 306, 360-364 

Supersoft, 254 

surge protectors, 493-494 

system 


adding a reset switch, 540-542 

adding adapter boards, 539-540 

disassembling, 176-221 

speeding up, 525-539 

teardown and inspection, 171-221 


system board 

removing, 184 


AT,191 

PS/2, 199 

PS/2 Models 50 and 70, 206-207 

PS/2 Models 60 and 80, 216-217 


troubleshooting, 571-573 

system components, 223 


coprocessor chip, 233-234 

microprocessors, 230-232, 235-236 

motherboard, 224-229 

recognizing, 217-219 


system diagnostics, 547-552 

advanced, 553-557 

aftermarket, 559-563 

error codes, 557-558 

public domain, 562-563 


System Diagnostics Disk, 550-552 

system documentation, 153 

system memory map, 19-23 

system ROM, 268-273 


see also ROM 

system support, 165-166 

system upgrades and improvements, 


515-545 

systems software, 156-162 


T 

Tandon, 322-324 

Tandy, 143 

Tandy 2000, 146 

tape backup systems 


data backup procedures, 503 

hardware interface, 504 

internal or external, 507 

media types, 503 

recommendations, 508 

software, 506-507 


teardown of system, 171-221 

technical information 


AT,76-77 

Model 30, 107 

Model 50, 118-121 

Model 60, 125-127 

Model 70, 130-133 

Model 80, 137-139 

PC, 46-47 


PS/2 Model 25, 102-104 

PS/2 Model 30, 108-110 

XT,57-58 

XT Model 286, 87-88 


technical reference manuals, 36-38, 

153-154 


temperature effects on hardware, 

482-486 


terminating reSistors, 310-311, 371, 

418 


testing 

memory, 276-277 

microprocessors, 254 


Texas Instruments, 8 

Texas Instruments Professional, 146 

timing (problems related to), 99 

tools 


desoldering, 173-175 

for teardown and inspection, 


171-176 

for maintaining machines, 473-475 

hand, 173 

meters, 175-176 

soldering, 173-175 

wrap plugs, 175 


tracks of floppy disk drives, 314-319 

transfer rate, 383-384 

transistor, 7 

trOubleshooting, 567 


battery, 573 

communications ports, 463-464 

diagnosing problems, 569 

error codes (table), 572 

floppy disk drives, 576-578 

flowchart, 570 

hard disk drives, 575-576 

hardware or software problem, 609 

high failure items, 579-580 

keyboard, 573-574 

last-ditch fixes, 581 

motherboard, 570 

power supply, 570-572 

resources for, 612-614 

rules, 568 

serial and parallel ports, 578 

software, 583-608 

spare parts list, 580-581 

speaker, 579 

system board, 571-573 

tools for, 171-176 

video adapter, 574-575 

video hardware, 448 


tunnel erasure, 305-306 

Twin Turbo, 148 


UART chips (table), 464 

uninterruptible power supplies, 


495-497 

upgrading 


adding a reset switch, 540-542 

adding adapter boards, 539-540 

system, 515-545 

the disk subsystem, 523-524 

to new DOS version, 542-545 

with mothercards, 533-535 


v 

VGA (Video Graphics Array), 24-25, 


96, 436-440 

memory usage, 28-30 

table of display modes, 443-444 


video adapter 

error codes, 574-575 

troubleshooting, 574-575 


video display hardware, 435 

adapters, 436-440 

displays, 436-440 

for PS/2s, 441-447 

troubleshooting, 448 


video memory, 24-30, 267 

video RAM, 19-23 

video subsystem of PS/2, 96 

virtual 8086 mode, 145,452-453 

virtual memory, 241 

virtual real mode, 247 

voice coil actuators, 360-365 


linear, 366 

rotary, 366-367 


Volt-Ohm Meter (VOM), 175-176 

voltage spikes, 487-488 


w 
WARMSET.COM, 542 

warranty and service contracts, 


508-514 

Western Digital, 403-406 

Winchester drives 


see hard disks, 352 

windows for 3270 PC, 66 

wrap plugs, 175 

write protect/enable hold, 332 

write-protected disks, 331-332 


X-y 

XT 

370 models, 69-70 

adapters, 282-284 

adding 640K, 521-523 
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autoconfigure controllers, 422-425 
compared with the AT, 244 
comparison of 8087 performance, 

238-239 
compatibles, 144-145 
components, 57-58 
costs, 62 
data transfer rate, 399-400 
disassembling, 177-184 
Enhanced Keyboard, 58 
hard disk controller, 401-402 
hard disks, 362 
highlights, 60-61 
installing hard disk, 419-422 
introduction to, 56-58 
keyboard, 58, 297 
maximum memory, 35 
models, 59-60 

3270 PC, 63-68 
5160068, 59 
5160078, 59 
Model 088, 60 
Model 089, 60 
Model 267, 60 
Model 268, 60 
Model 277, 60 
Model 278, 60 
XT 370, 68-71 
XT Model 286, 85-86 

motherboard, 218-219, 227 
motherboard memory timing 

(table), 517-518 
power supply, 286-288, 292 
replacing microprocessor, 527-530 
_slots, 278-281 
specifications and highlights, 57-58 
speed ratings, 274 
system features, 13-18 
system ROM, 269-272 

XT 370 
costs, 71 
models, 71 

XT Model 286, 86 
components, 87-88 
costs, 89-90 
models and features, 89 
specifications and highlights, 87-88 

YE-Data (C. Itoh) , 307, 322-323 
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