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HISTORY OF DISK DRIVES

he magnetic recording technology used in today’s disk drives can

be traced back to around 500 B.C. when the mineral magnetite
was discovered. Magnetite is the naturally occuring magnetic material
that was first used in compasses. Alchemists in the first century B.C.
discovered the first magnetic compasses when they noticed that load-
stones hung from a string always pointed the same way.

Several hundred years later, the connection between electricity
and magnetism was discovered. Early scientists noticed a that a com-
pass needle was deflected when it was put near a wire carrying elec-
tric current. It was in this era that magnetic technology was pio-
neered by experimental geniuses like Danish physicist Hans Christian
Oersted and English scientist Michael Faraday who discovered the
principles of electromagnetic induction.

The first practical magnetic recording device was the
Telegraphone patented in 1898 by Danish telephone engineer and
inventor Vlademar Poulsen. The Telegraphone was a crude audio
recorder using a stretched magnetized wire. The Telegraphone attract-
ed considerable curiosity when it was first exhibited at the Exposition
Universelle in Paris in 1900.The few words that the Austrian emperor
Franz Josef spoke into it at that exhibition are believed to be the ear-
liest surviving magnetic recording.

As World War I approached, the German war effort assumed lead-
ership in magnetic recording technology. The German firm AEG was
the first to use plastic strips (tape) for magnetic recording. The
Germans put magnetic recording to its first military application on
submarines. Secret communications were recorded on crude reel to
reel tape recorders at slow speeds. The tapes were then played back
and retransmitted at high speeds to prevent Allied interception. The
receiving station used another tape recorder to reconstruct the mes-
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sages. By World War II the Germans had perfected the recording tech-
nology and manufactured high quality reel-to-reel tape recorders
called Magnetophons. These tape recorders were nearly identical to-
today's high quality audio tape recorders.

In 1945 an American Signal Corps soldier, John T. Mullin, sent two
of these captured machines home to San Francisco. The analysis of
these units by American engineers at Ampex Corporation in Redwood
City lead to the development of the Ampex Model 200 in 1948. The
Model 200 was the first magnetic recorder to be manufactured in volume
and used commercially. The American Broadcasting Corporation had
provided some of the
financing for the Ampex
recorder project, and was
the first to use them in
broadcasting the Bing
Crosby Show in 1948.
This same technology is
used in today’s high reso-
lution audio, video and

digital tape drives.

Reel to reel tape recorders and Hollerith punch cards were the
main storage devices used in early computers. Paper Holerith cards
and paper tapes were used to perform initial program loading when
early computers were first powered up. Paper tapes were popularized
by the Teletype Corporation who added paper tape readers and
punches to many of their Teletype terminals. Paper tape remained
popular for over 20 years, lasting until the early 1970's. It took the
convenience and erasability of floppy disks to eliminate paper tapes.

In 1952, IBM, realizing the need for a random access method of
data retrieval with faster access than magnetic tapes, sent Reynold B.
Johnson to San Jose, California to head up a magnetic recording
research team. Johnson was convinced that a disk based system was
the way to go, but other engineers advised him to abandon the pro-
ject. Following his intuition, Johnson designed the first commercially
successful digital disk drive. In 1956, IBM announced the Model 350
RAMAC (Random Access Method of Accounting and Control). It was a
quantum leap in disk technology for its time. The RAMAC stored 5
megabytes of data on fifty 24-inch disks, spinning at 1200 RPM, and
had an access time of 600 milliseconds. The resulting data transfer
rate was .10 Mbits per second. Compare that to the 25 to 80Mbits per
second data rates typical today! The popular name for this huge stack
of disks at IBM was the "baloney slicer".

© (sC 1996



Corporate Systems Center (408) 743-8787

In 1955, realizing that magnetic recording density was severely lim-
ited by the number of linear stripes (tracks) on the tape, two brilliant
engineers at Ampex Corporation, Charles Ginsburg and Ray Dolby,
developed the helical scan recording system. Their ingenious scan-
ning system uses a tiny spinning magnetic head with tape wrapped
around it in a spiral. This design :
packed recording tracks much
more tightly onto the tape than
was previously possible. The
helical scan recording tech-
nique provides an extremely
high recording density with a
single small head. Helical scan
recording is now used in every
video recorder (VCR), Digital
Audio Tape drives (DATs), and
all high capacity tape backup
drives. I have read with
respect several documents
authored by Ginsburg and
Dolby at Ampex. These engi-
neers deserve more credit for their brilliant invention of the mecha-
nisms and recording techniques copied in every modern VCR.

In 1961, IBM pushed disk data storage ahead by announcing the
1301 Disk Storage unit that used aerodynamically shaped recording
heads that "flew" above the surfaces of the spinning disks. This
enabled roughly 10 times as much information to be packed in each
square inch of disk surface. This head design would eventually
become the "Winchester disk drive".

The next year, IBM announced the 1311 Disk Pack unit which
helped speed the end of the punched card era by providing removable
and interchangeable "disk packs" containing six disks protected by a
transparent plastic "cake cover." Each disk pack could store roughly
as much data as 25,000 punched cards. Magnetic disks were finally
becoming a practical storage medium for computers.

During 1964, my parents made the mistake of conceiving Martin
Bodo. Little did they know how much trouble I would eventually
cause them. My early fascination with computers would ultimately
place Corporate Systems Center (CSC) at the forefront of magnetic
data storage technology.

In 1967, IBM assigned David L. Noble to head a research team to
develop a convenient storage medium to store and ship microcode. In
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1969 several engineers left the project to join Memorex. Memorex
soon became an industry leader in magnetic media technologies, disk
drive manufacturing, and magnetic media production.

In 1970, IBM announced the 3330 Disk Storage Facility which was
the first disk storage product to use an electrical feedback system
called a "track-following servo" to control a "voice coil" motor that
could quickly position recording heads at desired positions over the
disk. This combination provided better response time, higher track
density, and more reliable operation than was previously attainable.
Twenty years ahead of its time, this closed loop track following servo
technology would eventually be used in every large capacity disk
drive.

In 1971, the first “diskette” was produced by IBM as an ICPL (Initial
Control Program Load) device. It was called the Minnow and was an
8-inch read-only model that stored 81,664 bytes. It caused paper tapes
to become obsolete almost overnight.

While IBM and others were developing disk technology at home in
America, Japanese companies like Sony and Japan Victor Corporation
(JVC) were making rapid advances in consumer VCR technology. By
the early 1980's, the Japanese had a lead in helical scan tape drive
manufacturing technology that the US could never overcome.

In 1973, the first read-write floppy disk, the Igar (IBM 33FD),
which stored an incredible (for it’s time) 242,944 bytes - started ship-
ping to customers. The original code name of the read-write disk was
Figaro, but the initial f and final o were removed as a symbolic removal
of "fat" and "overhead". Memorex was the first company after IBM to
produce floppy disk products and soon became a strong competitor
in this field.

Also in 1973, IBM announced the 3340 Disk Storage Unit, which
featured an ultra light-weight recording head that could "land" on and
"take off" from a lubricated disk while it
was still spinning. This eliminated the
need for a mechanism to raise the heads
off the disk surface before stopping; sub-
stantially reducing the cost of manufac-
turing. The 3340 also contained two spin-
dles, each with a storage capacity of 30
million characters. Referring to this
arrangement as a "30-30", engineers were
reminded of the famous rifle and called
their creation a "Winchester" file. This

term became an industry standard to
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identify this "floating head" design.

In 1975, IBM announced the 3350 Direct Access Storage Device,
which marked an extension of Winchester technology and a return
from the removable disk pack to fixed disks, permitting higher record-
ing densities and lower cost per bit for on-line storage. The 3350
could store data at a density of more than 3 million bits per square
inch, an increase of more than 1500 times the density of the RAMAC.
By this time, competitors were catching up. Several companies,
including Shugart, Magnetic Peripherals Incorporated, and PerSci were
about to introduce competitive floppy disk drives.

In 1976, the success of the 33FD floppy disk led to the develop-
ment of the 43FD using a dual-head drive, that could store 568,320
bytes. This was followed a year later by the double-density, double-
sided, 53FD using MFM encoding and a capacity of 1,212,416 bytes.
By 1977, nineteen companies were manufacturihg floppy disk drives
in the United States and MFM had become the encoding method of
choice.

In 1979 Seagate Technology was founded and was the first compa-
ny to mass produce an affordable hard disk drive (the 5 Megabyte
ST5006). Seagate has become the largest independent manufacturer of
hard drives, having shipped over 50 million units to date.

I was a runny-nosed high school sophomore in 1979. While IBM
was inventing thin-film recording heads, I was content with my first
5.25" 160K floppy drive. I was hooked, but I didn't know it.

The data storage industry exploded in the early 1980's with the
help of brilliant engineers who had business sense. Alan Shugart made
the floppy disk the standard for data interchange and floppy drive
sales soared. By 1982, hard disk drive sales had exploded and form
factors were shrinking from 14" disks to 8" disks. The 5.25" form fac-
tor made popular by Seagate's ST506 was now an industry standard.

When I graduated from college in 1986, 1 made a living by modify-
ing Alan Shugart's Model 712, 5.25" 10 megabyte hard drives so they
would hold 20MB. I was starting to understand the equation for suc-
cess in the hard drive industry. It was simple: “Provide the Most Megs
in the Smallest Size for the Least Bucks”. I saw an opportunity for a
company that would initially provide repair services for disk drives.
CSC was born in 1986.

In 1989, IBM announced the 3390 Direct Access Storage Device,
which could store as much as 21.5 billion characters in each storage
unit - the same capacity as its predecessor, the 3380 Model K, but at
an increased density that required only one-third the floor space.
Gosh, it weighed only 800 pounds!
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As sales of Apple Computer's Macintosh line of personal comput-
ers began to grow, the industry was introduced to the idea of using the
Small Computer Systems Interface (SCSI) as a standard port for desk-
top PC peripherals. SCSI at this point was basically a glorified 8 bit
parallel port. But SCSI would eventually grow into one of the most
popular standards for both low performance PC and higher perfor-
mance workstation disk drives! Like the IBM-PC, SCSI caught on like
crazy because it was hardware with software standards included.

In 1990, Conner Peripherals in partnership with Compaq comput-
ers created and made popular both the IDE interface and the 3.5" hard
drive form factor. An enormous volume market for IDE drives grew in
the next few years as IBM compatible desktop systems grew in popu-
larity.

By 1990, there was not one American company left producing helical

scan tape recording mecha-
nisms. The Japanese con-
quest in consumer electron-
ics was about to pay off.
Soon, all helical scan digital
tape recording mechanisms
for computer technology
would come from Asia. In
addition, the American loss
of consumer audio manu-
facturing technology
would cost US companies

dearly. All digital CD-ROM disk drives based on this technology would
now come from Japan and the Orient.

In 1991, we designed our first caching disk controllers at CSC.
These cards would eventually sell by the thousands, as the size of CSC
continued to double yearly.

In 1991, IBM created another first in drive technology, the MR
head. IBM's 9340 drive became the first IBM disk to use magneto-resis-
tive recording-head technology, and IBM could now boast of bit den-
sities of >100Mbits per square inch.

In 1992, improvements in mechanical alignment and media boost-
ed the capacity of standard diskettes to 2.88MB and "ZIP" diskettes to
100MB. Maxtor Corporation announced the "Magic" MXT series of
disk 3.5" disk drives with capacities over 1GB and access times under
8ms. 5.25" disk drives were available in 1994 with over 8GB of for-
matted capacity.

As we write the update to the Hard Drive Bible, it is now 1996. It's
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hard to predict the future, but I'll be glad to share a few thoughts on
the data storage industry.

Compagq will soon ship Floptical drives with 120 MB capacity in a
standard 3.5" form factor. I'm not sure what industry standards will
develop, but other than "floptical" drives, I don't see much future for
the floppy disk industry. Read the chapter on CD-ROM for more
insight. CD-ROM and recordable CD-R drives revolutionizing software
distribution.

The hard disk industry, on the other hand, is moving faster than
ever. Volumes are huge while only a few manufacturing companies are
staying profitable because of the intense competition. Technology is
advancing faster than ever. My friends and I used to talk about "mini-
mono" disk heads. Then it was "micro-sliders" and even "nano-sliders".
Today we had a nerd's lunch and talked about "pico-sliders" that fly at
4 millionths of an inch above the disk. As far as I'm concerned, that
should be called "contact recording"!

Will hard drive sales continue to grow? To be honest, there are
some potential challengers for hard drives. Optical, and Flash tech-
nologies are improving. You can bet our friends at Intel hope Flash
will kill hard drives. But our friends in Japan working on DVD optical
disk drives feel that optical drives will win out in the long run. My
opinion is unchanged. For the last ten years, I've had people tell me
that something better will replace hard drives. Every time there's a
technical advance in Flash or optical drive, there's a corresponding
advance in magnetic disk drive technology. Hard drives are here to
stay. As magnetic, optical, and semiconductor technologies advance
together, hard drives continue to offer more storage for less money,
with a better access time. Each technology has it's distinct advan-
tages, but the magnetic recording technology used in hard drives is
simple, mature and easy to manufacture. Hard drives will remain prac-
tical for several more years at least.

In 1996, a major disk drive merger took place between Seagate and
Conner Peripherals. I take my hat off to Alan Shugart, CEO of Seagate
Technologies for that accomplishment. Seagate has a broad line of
products from 8" drives to PCMCIA FLASH memory. They're quick on
their feet and poised for the future.

But the majority of disk drive manufacturers continue to loose
money! This is the largest potential problem facing the data storage
industry: price competition. Severe price competition is forcing many
companies to abandon research efforts and concentrate on high vol-
ume, low-tech products. Only the lean, high tech companies will sur-
vive the competition.

© CSC 1996
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Some feel that magnetic recording technology has begun to give
way to optical technologies. I agree that optical technology has now
become affordable and reliable enough to replace magnetic drives in
some selected applications. In the past few years, optical recording
techniques pioneered by the Japanese in consumer products have
developed to the point where optical drives are manufactured at rea-
sonable costs. Many companies like Hitachi, Sony, Ricoh, and
MaxOptix do a brisk business selling fast, reliable, low cost optical dri-
ves. 1 feel that the compelling advantage behind optical media is
removability. Cartridge hard drives and hard drives with removable
HDA's are not as large or convenient as optical media. The market for
erasable optical drives will continue to grow, but hard drives will
remain the best choice for non-removable applications.
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BASIC DRIVE OPERATION

11 disk drives perform three basic functions. They spin, seek, and
Atransfer data. The disks inside a hard drive are mounted and rotat-
ed by a motor normally located in the center of the disks called the
spindle motor. The read/write heads are held and moved in a head car-
riage that usually also holds the preamplifier electronics. Disks and
heads are stacked vertically on the spindle motor, and the head stack
assembly is positioned on-track by a servo system.

Raw read data flows from the preamplifier and is encoded and
decoded by the drive electronics. The heads read and write this
"encoded" data to the disks (media). Data encoding and decoding cir-
cuitry is designed to pack as much information as possible into the
smallest area. Read/write circuits move the encoded data to and from
the magnetic recording heads. When writing, the heads convert the
electric currents from read/write circuits into highly concentrated
magnetic fields. These magnetic fields are stored in miniature mag-
netic groups called "domains" on the surface of the disk. When read-
ing, the magnetic domains stored on the media are converted into
electric currents as the heads pass by a second time, operating in
reverse to read data. The heads convert the changing magnetic fields
from the disk into electric currents as the read data is recovered.

The sections below describe the operation and purpose of the
basic components of a disk drive: the spindle motor, head carriage, the
servo system, heads and media, and the data encoding circuitry.

Spindle Motors

The motor used to rotate the disks in a drive is called a spindle
motor. Disk drives use many different types of spindle motors. The
type used determines the spin-up time of the disk and torque as well
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as the heat dissipation inside the drive. A motor with a high start-up
torque is necessary since the extremely flat heads and disks used in
modern drives tend to stick together when power is removed and the
heads land on the disk. At the same time, the spindle motor must oper-
ate efficiently with a minimum power consumption. Heat dissipated
inside a disk drive causes the mechanical parts in the actuator and
disk assembly to expand. Because modern drives require extremely
precise mechanical alignment, it is essential that thermal expansion
caused by spindle motor power dissipation be kept to a minimum.
Some early drive designs were plagued with stiction or heat problems
caused by inadequate spindle motors. Newer designs have resolved
these problems by providing
spindle motors with higher start-
up torques and lower power con-
sumption. All modern drives use
microprocessor controlled spin-
dle motor drive circuitry that
uses pulse width modulation to
minimize power consumption
once the drive reaches operating
speed.

In high capacity disk drives
the quality of the bearings used
in the spindle motor assembly is becoming increasingly important. As
the concentric tracks in a drive are pushed closer and closer together
in an effort to gain higher storage capacities, spindle bearing "runout"
becomes a consideration. The smallest amount of wobble in a modern
disk assembly can throw a head assembly slightly off track, resulting in
reduced data integrity. Drive manufacturers have gone to great
lengths to find affordable spindle motor bearings that offer the lowest
amount of runout while still providing long life.

Early hard drives spun at 60 revolutions per second (3600 RPM)
because synchronous motors were used that locked to the 60 Hz AC
line frequency. Some newer designs now offer "fast spin" speeds of up
to 8000 RPM. At these higher spin speeds, improved spindle motor
bearing quality and balancing is essential. Faster response servo sys-
tems are also required to track data at higher spindle speeds.

Head Carriage

The mechanical engineer asked to design a modern head carriage
is faced with a difficult task: design a perfectly balanced mechanism to
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hold the heads firmly and rigidly using existing bearing and actuator
technology. And management
wants it for free! The head carriage
must have the lowest moving mass
possible, enabling it to be moved
hundreds of time a second.

The head carriage pictured uses
a linear actuator. The advantage of
this type of actuator is that the
heads always stay parallel to the
recording track. The disadvantages
are more complexity and moving
parts (higher cost) and higher mass
than a rotary actuator.

Head carriage with
linear actuator

The head carriage to
the right is typical of a
modern rotary actuator.

This actuator system has
Head carriage with
rotary actuator

become standard in mod-
ern hard disk drives for
two main reasons. Rotary
actuators are cheap and
reliable. Typically only
two ball bearings are
needed at the top and bottom of the actuator.

Media and Heads

The ultimate limiting factors in the push for higher and higher data
densities in today's drives are the heads and media. Hard disk media
was originally manufactured by spin depositing iron oxide (rust) par-
ticles on machined aluminum disks. Modern disks are made of
annealed aluminum that is sputtered and plated with magnetic coat-
ings, then polished and coated with rugged lubricated coatings. Disk
media is classified by the amount of magnetic field in Oersteds (Oe)
required to produce enough magnetic dipole reversals in the disk
coating to be detected by a magnetic head. Earlier media was easily
magnetized using fields of 600 Oe or less. Newer high density media
requires fields of 1800 Oe or more to achieve sufficient magnetic pen-
etration.

Head technologies have also evolved over the years. As head gaps
become smaller, the size of the magnetic coils used must shrink
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accordingly. New heads must handle higher write currents and be

more sensitive when reading.
Head gap sizes are constantly
shrinking. Due to this, the drive
industry is moving toward the thin
film and magneto-resistive heads
of the future and away from mono-
lithic heads of yesterday. Head fly-
ing heights are now just a few mil-
lionths of an inch to enable effi-
cient magnetic coupling with
miniscule gap widths.

Stepper Motor Servo Systems

Stepper motors are rotary actuators that rapidly move in small dis-
crete steps (usually .8 to 4 degrees per step). Stepper motors provide
a simple, reliable positioning system that is easy to use and inexpen-
sive to manufacture. The stepper motor shaft is usually connected to
a small metal band that converts the rotary shaft motion into a linear
or rotary motion of the head carriage. Stepper motors are ideal posi-
tioners for floppy drives due to their low cost.

A low cost stepper motor servo system has two major disadvan-
tages. The mass of the rotor in a stepper motor is generally high.
Using stepper motors as actuators in disk drives produces low access
times because the heavy rotor inside the stepper motor must be
moved along with the head carriage.

The number of concentric tracks recorded per inch on a disk drive
is referred to as the "track density". The second disadvantage in a step-
per motor servo system is a limitation on track density. High track den-
sities are difficult to achieve with stepper motor servo systems
because most stepper motors move only in large discrete steps. The
electronics required to "fine tune" the position of a stepper motor
servo system are expensive to manufacture. It is easier to adjust the
position of a voice coil and keep the heads on track than it is to fine
tune a stepper motor.

The future of stepper motors remains in low cost open-loop servo
system, like floppy disk drives. They have become yesterday's tech-
nology, and there's no reason to use them in hard disk drives today.

Voice Coil Servo Systems

It's hard to imagine a mechanism that can move to any position over
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an inch in less than 1/100th of a second and come to a complete stop with-
in 0.0001" of its target. Modern voice coil actuators are capable of doing
this over 1,000,000,000 times. | -
The voice coil servo system is
the key component in all newer
high performance disk drives. A
voice coil actuator is simply a [
coil of copper wire attached ‘
to the head carriage. This coil
is surrounded by high energy
permanent magnets that are
attached to the HDA base cast-
ing. To move the head carriage
and "seek" to a track, the control electronics apply a current to the
voice coil. The current applied induces a magnetic field in the coil
that attracts or repels the stationary permanent magnets. The amount
of torque induced to move the head carriage is directly proportional
to the amount of current applied to the voice coil.

Many drives use an ASIC control chip in the voice coil servo system
that contains a D/A converter. The output of the D/A converter usu-
ally drives a MOSFET power amplifier that provides the current
required by the voice coil. The circuitry that moves the head from
track to track is simple compared to the circuitry that decodes the
servo information recorded on the drive. In order to control the voice
coil, the servo electronics must know precisely where the head is
positioned on the drive. The positioning information fed back to the
electronics to control the voice coil positioner is called "servo feed-
back". Several different servo schemes are used to provide position
feedback information to the drive electronics and "close" the servo
loop.

Some large capacity drives use a "dedicated" voice coil servo feed-
back system. When you see a drive in the drive table with an odd num-
ber of read/write heads, it probably uses a dedicated servo system. In
a dedicated system, the entire surface of one disk is reserved for use
by the servo system. Position information is recorded on the reserved
(dedicated) disk so that the drive electronics can determine the exact
position and velocity of the head carriage.

Assuming that the head carriage holds the entire head stack rigid-
ly together, the position of the read/write heads will track along with
the dedicated servo head. A dedicated servo system offers fast posi-
tioning and is simple to design. One of the only disadvantages to this
system is that since only one head is used for servo, a dedicated servo
system has difficulty compensating for thermal warpage of the head
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Voice Coil Servo
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stack assembly.

A more popular voice coil
servo feedback system is called an
"embedded" servo. An embedded
servo system works in a manner
similar to the dedicated system
except for the physical location of
the servo position information.
The embedded system interleaves
servo and data information by
placing servo positioning bursts
between the data recorded on the
disk. Embedded servo systems have advantages and disadvantages
over dedicated servo systems. Advantages of an embedded system
include the ability to accurately position each individual head by sens-
ing the position information directly under that head. A dedicated
servo system positions all of the heads together. Disadvantages of an
embedded servo system are increased servo electronics complexity
(which translates to higher cost), and the requirement for seek and
settling delays when switching between heads.

Some drives employ a "hybrid" servo system that combines both a
dedicated servo for fast coarse positioning, and an embedded servo to
finely position the head on track. Hybrid servo systems offer the best
access and positioning of any system, but their cost is also the highest.
One disadvantage this system shares with dedicated servo systems is
that an entire surface is used for servo. This dedicated surface could
have been used to store more data.

Keeping it Clean

When a drive is running, Winchester heads "fly" or "float" on a cush-
ion of air. There is virtually no wear on the disk surface when the drive
is running and the heads are stationary. Almost all the wear on a drive
occurs when the drive is turned off and the heads "land" and touch the
disk.

All modern voice coil servo drives use an electronic or mechanical
mechanism to move the heads away from the data area of the disk to a
"landing zone" when power is removed. Better drives also use a mechan-
ical latch mechanism to park and lock the heads in the landing zone.

As the media wears in a drive, microscopic particles flake off from
the disk surface. A quality hard drive designed for long life contains a
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circulating air system that catches these particles in a filter.

Most disk drives have filtered vents that permit outside air to enter
and exit the HDA. e .
These vents help if a
pressure  differential
develops between the
HDA and the ambient
air. Some newer drive
designs (notably
Conner and Maxtor dri-
ves) have eliminated
the outside air vents.

Data Encoding and Decoding

Data encoding is the technique used to convert a stream of binary
data into a varying current that drives a magnetic head. The varying
current in the head produces magnetic flux reversals in the head.
These flux reversals orient the molecular magnetic dipole moments of
the media. The media is thus "magnetized" in a pattern that stores the
data. The magnetic head has a maximum frequency limitation that
determines how close the magnetic flux reversals can be placed on
the disk while still maintaining acceptable reliability. There is also a
minimum frequency limitation imposed by the drive electronics.

The difference between the minimum and maximum frequency
limitations is called the recording bandwidth. One goal in manufac-
turing disk drives is to provide the highest data recording rate possi-
ble.A higher data recording rate translates to higher capacity per track
and higher data transfer speeds.The magnetic recording bandwidth of
a drive is limited by several factors including head and media design
and positioning accuracy.

The goal in designing data encoding and decoding circuitry then
becomes one of placing the maximum amount of data bits within a
fixed recording bandwidth while maintaining acceptable reliability.

Disk drive data encoder circuitry removes the need to place clock
information on the track by combining the data bits to be recorded
with as few clock signals as possible. The decoder circuitry regener-
ates the clock from the recorded signal and synchronizes the clock to
the decoded data. The encoder and decoder circuitry in a drive are
usually combined into a chip called an "ENDEC".

© €SC 1996
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Encoding and Decoding Codes

The following encoding and decoding codes are used in disk drives:
NRZ (Non-Return to Zero)

This code was originally used in telecommunications and its
encoding and decoding are simple to understand. Instead of discrete
pulses for each data bit, the signal rises or falls only when a one (1) bit
in the incoming data stream is followed by a zero (0) bit or when a
zero (0) bit is followed by a one (1) bit.

This coding technique has a serious flaw because certain data pat-
terns can be generated which will result in a fixed logic state output
(i.e. the output of the encoder will be static, stuck at zero or one). The
"worst-case" condition can violate the minimum recording bandwidth
of the drive electronics. In practice, this would rarely happen, but it's
a serious strike against NRZ coding.

PE (Phase Encoded)

This coding is used in credit cards and instrument recorders. It is
reliable and also simple to understand. The direction of a flux rever-
sal in the middle of each cell indicates whether the encoded bit is
either a zero or a one. This effectively shifts the phase of the output
signal each time there is an NRZ type transition between zeros and
ones.

FM (Frequency Modulation)

This coding technique was used in the earlier floppy drives
(including 8" drives). These older drives were called single density
"SD" drives. The FM method of encoding is basically equivalent to the
PE method. FM coding is no longer used in disk drives.

MFM (Modified Frequency Modulation)

MFM is by far the easiest modern coding technique to implement.
This encoding is used in all modern floppy drives and many small
capacity hard drives. MFM doubles the data capacity of FM encoding
without increasing the recording bandwidth (MFM floppy drives are
called Double Density). It works by eliminating the clock pulses in FM
encoding and replacing them with data bits. Clock pulses are still used,
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but they are written only when a one (1) data bit is not present in both
the preceding and the cur-

BIT

rent data cell. posimon | 1(2|13/4|5/6/7|8|910
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several flux transitions. In
order to maintain a low MFM
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error rate, the speed of
data flowing into the
encoder must remain
steady, and the decoder must lock onto this stream. In practice, the
rotational speed of hard and floppy drives is easily controlled within
the tolerances required for reliable MFM recording. An electronic
compensating circuit called a Phase Locked Loop (or PLL) is used to
lessen the effects of spindle speed variations.

ate a clock signal based
ignal based on — M-LLIJ_L
L

RLL (Run Length Limited Encoding)

This encoding scheme was first used in 14" drives from IBM, CDC,
and DEC. It is now used in almost all high capacity 3.5" and 5.25" hard
drives. Common RLL coding techniques are RLL 1,7 and RLL 2,7. 1,7
and 2,7 refer to the maximum number of consecutive zeros in the
code. RLL 2,7 offers a 50% improvement in data transfer rate and data
recording density as compared with MFM within the same fixed
recording bandwidth.

The easiest way to understand RLL encoding is to examine the encod-
ing tree below. Bits are encoded by following the tree, starting at the root.
When you reach the end of a branch, the stream of bits at that branch cor-
respond to the encoded
data to be written to the
drive.

RLL encoding has two
main disadvantages. The
first is that RLL requires
significantly more com-

RLL 2,7 Encoding Tree

plex encoding and decod-
ing circuitry than MFM.

This has been overcome in
part by single ENDEC chips from companies like SSI,VTC and National
Semiconductor. The second disadvantage with RLL encoding is that a
small defect can produce a long stream of data errors. To combat this,
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drive manufacturers are improving the design of read/write heads and
media and lowering the flying height of these heads to improve signal
to noise ratios. Longer, improved error correcting codes and retry
algorithms are also used with RLL encoded drives.

Spindle motors are now driven by crystal controlled microproces-
sors to improve rotational speed accuracy. The quality of the heads,
media, and spindle control circuits used to manufacture today's hard
disk drives are more than adequate for reliable RLL encoding.

Future Codes

Many other coding and encoding techniques have been developed
that offer higher data rates and recording densities than RLL within
the same fixed recording bandwidth. All of these codes are more sus-
ceptible to timing jitter and large error bursts than RLL coding. At pre-
sent, nearly all ESDI, SCSI, and IDE drives use RLL coding. We expect
that RLL will continue to be the most commonly used coding in mag-
netic mass storage devices for the next few years. The recent advent
of PRML techniques to improve read channel performance is causing
a gradual shift away from RLL.
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INTERFACE STANDARDS

‘acrith every new developing technology comes the problem of
standardization. The data storage industry has been influenced
by standards from manufacturers and various groups including:

© C5C 1996

ANSI
American National Standards Institute
11 West 42nd Street, 13th Floor
New York, New York 10036-8002
(212)642-4900 (212)398-0023 Fax

NAB
National Association of Broadcasters
1771 North Street, N.W.
Washington, DC 20036-2891
(202)429-5300 (202)429-5343 Fax
IBM

First in standards for drives and computers
IBM Personal Computer Division
Route 100
Somers, NY 10589
(800) 772-2227

IRCC

International Radio Consultive Committee

IRIG

Interrange Instrumentation Group
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Shugart Associates
Pioneer in floppy disk drives

Seagate Technology
Pioneer in hard disk drives
Seagate Technology
920 Disc Drive
Scotts Valley, CA 95067
(408)438-6550 (408)438-6356 Fax

Some of the popular standards that have evolved are listed below:
"IDE" or "ATA" Interface

With the emergence of IBM compatible PCs as a hardware stan-
dard, drive manufacturers have integrated much of the IBM controller
hardware onto their disk drives. These drives are called “Intelligent
Drive Electronics" or “Integrated Drive Electronics" (IDE) drives. This
interface is often referred to as the “ATA" or “IBM Task File" compatible
interface. Drives with an older 8-bit IDE interface were originally
called “XT Interface” drives, while drives with a 16-bit interface are
often called “AT Interface” drives. By imbedding an AT controller card
into the drive, a significant manufacturing cost savings occurs. Many
parts (including line drivers and even a microprocessor) can be elim-
inated.

Older "XT Interface" drives used a BIOS ROM on the paddleboard
and could not be interchanged with "AT Interface" drives. An XT
Interface controller and drive may be used in an AT class computer if
the CMOS is set to "no drive installed".

Conner Peripherals and Compaq Computer were among the first
companies to ship AT compatible IDE drives in volume. Since then,
acceptance of the IDE interface based on their original design has
grown.

Since the imbedded controller on an IDE drive is optimized to run
efficiently with the drive it is attached to, IDE interface drives often
operate with improved performance over their comparable MFM or
RLL counterparts. Some sacrifices were made in MFM/RLL controller
and drive design to ensure compatibility with a large range of drives.
Imbedded controllers are usually faster due to optimization.

It is clear that IDE drives have rapidly replaced the original MFM
and RLL drives used in early IBM-AT compatible applications. Since
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most new disk drives use zoned recording techniques to increase
drive capacity, all of these drives must use imbedded controllers. The
only practical interface alternatives for imbedded controllers on small
disks are IDE or SCSI.

One disadvantage of the original IDE interface was the 528MB limi-
tiation. This limitation has been overcome with the industry standard
“EIDE” or Enhanced IDE interface. See the Enhanced IDE chapter for
more information on how the EIDE interface will continue to be
improved in the future.

Another minor problem with the IDE interface is hardware incom-
patibility. Some IDE drives may be incompatible with each other. This
is generally due to different buffering or decoding. See the Enhanced
IDE Chapter for more information on IDE drives.

ST-506/5T-412 Interface

Seagate Technology is the world's largest manufacturer of hard
drives. Their first ST506 five megabyte full-height 5.25" disk drive was
one of the first hard drives manufactured in volume. This drive used
a 5 Mbit/second MFM encoded interface. The standard interface
copied from this drive was used in all "ST-506 compatible" MFM and
RLL drives.

MFM and RLL Encoding

Modified Frequency Modulation (MFM) encoding was first patent-
ed by Ampex Corporation in 1963. MFM encoding is often called “dou-
ble density” and is used to code data on floppy and hard drives. MFM
is an attractive coding scheme mainly because it is simple to encode
and decode. MFM is now the standard coding technique for floppy
disk drives and some small capacity hard disk drives.

Run Length Limited (RLL) encoding is a group coding technique
that provides an increase in data density over MFM encoding. In RLL
encoding, streams of data are grouped together and each group of data
produces a recording pattern that depends on the bits that came
before it. RLL encoding eliminates high frequency flux transitions and
permits an increased data density within a fixed recording bandwidth.

The most common RLL coding (RLL 2,7) provides a 50% improve-
ment in recording density over MFM coding. For example, a drive that
stores 1000MB of data at 5Mbit/sec MFM data rate can be made to
store 1500MB of data using RLL encoding. The data transfer rate
increases by 50% using RLL 2,7, while the recording bandwidth stays
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the same.

Other RLL codings can provide even higher recording densities.
RLL 3,9 (commonly called ARRL) provides a 100% improvement in
recording density. Longer codes can provide even greater increases.
Because RLL coding does not require an increased read/write channel
bandwidth when compared to MFM encoding, RLL is now a popular
coding technique used to increase capacity in many hard disk drives.
Modern IDE and SCSI drives use RLL encoding. For a more detailed
description of how RLL data is coded and decoded, see the previous
chapter.

Since RLL encoding provides higher data density in the same
recording bandwidth, the data capture window is reduced. To accu-
rately reproduce data in this smaller capture window, RLL encoding
requires an improved data separator, an accurate read channel, and
better PLL circuitry. The rotational speed of the disk drive must also
remain more constant. Simply put, there is less margin for error using
RLL encoding.

ESDI Interface

The Enhanced Small Device Interface (ESDI) was basically an
improved, high speed ST-506 interface. This interface was pioneered
by Maxtor. The combination of a 34-pin control cable and a 20-pin
data cable from the ST-506 interface are retained, but the ESDI inter-
face features improved actuator commands and data transfer rates.

The ESDI interface uses a data separator located on the disk drive
itself. Older ST-506 designs used a data separator on the controller
card instead. Moving the data separator to the drive improved com-
patibility and made the ESDI interface independent of data rate.
Providing the maximum data transfer rate of the controller is not
exceeded, any speed ESDI drive can be connected to any controller.
ESDI drives were manufactured with rates up to 28 Mbits/sec.

ESDI is not particularly well suited to zoned recording, and is real-
ly only useful for fixed disks. ESDI was once a useful, fast interface for
hard disks, but SCSI has won out in popularity. The attraction of being
able to daisy chain peripherals like CD-ROM and SCSI tape drives has
ultimately driven the industry away from ESDI and toward SCSI and
EIDE/ATAPI.
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SCSI Interface

The Small Computer Systems Interface (SCSI) first became popular
as the interface used for Apple Macintosh peripherals. Actually, SCSI
has been used for quite some time in workstation applications and is
rapidly gaining popularity in the PC marketplace. SCSI offers the abil-
ity to daisy chain up to fifteen devices (hard, optical, tape, etc.) to a
single controller with a single cable.

SCSI is basically a high-speed bidirectional 8-bit parallel interface
that has been standardized in terms of both hardware and software by
ANSI. The SCSI bus allows addition of up to 15 devices using a daisy-
chained cable. Unfortunately though, most manufacturers of SCSI
peripherals adhere to the basic ANSI hardware specifications; while
the level of SCSI software compatibility varies from manufacturer to
manufacturer. A newer ANSI standard, SCSI-II was announced in an
attempt to standardize the SCSI software interface. The ANSI SCSI-II
specification added features like disconnect/reconnect, and messag-
ing while maintaining downward compatibility with SCSI-I devices. A
recent copy of the SCSI specification may be obtained from ANSI or at
www.corpsys.com. The SCSI-II specification is now under develop-
ment.

Good termination and shielding allow a "single wide" SCSI bus to
operate at speeds in excess of 10MB/sec. Since most existing SCSI
peripherals only sustain data rates of around 4-5MB/sec, the SCSI inter-
face has the data bandwidth to handle higher speed drives in the
future.

The new SCSI-II standards for Wide SCSI and Fast SCSI offer a wider
bus and sustained transfer rates up to 40MB/sec. These new versions
of SCSI offer more than adequate throughput for any storage device
that might appear in the near future.

The SCSI interface offers the flexibility and room for future expan-
sion, but brings with it all the problems of a developing technology.

WIDE 5CSI

Currently, the terms “wide SCSI” and “double wide SCSI” are used to
refer to a SCSI interface with a 16 bit wide data path. This interface
uses a 68 pin connector, and the electrical handshaking and data trans-
fer system is identical to the more common 8 bit “single wide” SCSI
bus. The ANSI SCSI specification provides a method for negotiating
with peripherals to determine if they offer “wide SCSI” capabilities.
Theoretically, the wide SCSI bus is downward compatible with stan-
dard “single wide” SCSI devices.

© CsC 1996
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FAST 5CSI

“FAST SCSI” refers to a SCSI handshaking system that reduces hard-
ware overhead during data transfers. Peripherals that support this fea-
ture will transfer data at higher burst rates if they are connected to a
controller that also supports FAST SCSI. If either the peripheral or the
controller does not support FAST SCSI, the burst data transfer rate is
unaffected.

Ultra SCSI

The “Ultra SCSI” industry standard is an attempt to accelerate SCSI
peripherals by changing SCSI timing and handshake specifications. To
keep up with the more critical and noise sensitive requirements of Ultra
SCSI, cable lengths must be reduced and termination becomes more
critical. In most systems, Wide SCSI provides a more practical perfor-
mance boost than Ultra SCSI.

SMD Interface

The Storage Module Device (SMD) interface is the most popular
interface for the 8" drives used in mainframe, minicomputer, and work-
station applications. Variations include an improved data transfer rate
(HSMD). SMD drives are gradually being replaced by SCSI in most
applications. Bridge controllers are now available to adapt newer
ESDI and SCSI drives to the SMD interface.

IPI Interface

The Intelligent Peripheral Interface (IPI) is a mainframe disk drive
interface standard used mainly on 8" and 14" drives. It is popular in
IBM and Sun workstation and minicomputer applications. Many dri-
ves are available with dual IPI ports.

QIC-02 Interface

This QIC-02 interface is a software standard for tape drives. Most
PC based 1/4" tape controllers use a QIC-02 command set.

QIC-40 Interface

This interface uses an standard floppy controller to store data on
minicartridge data tapes. Although they are relatively slow, these dri-
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ves are popular in PC applications due to their low cost. Drives are
now available with up to 400MB (800MB compressed) capacities and
data transfer rates up to 2Mbit/sec.

QIC-36 Interface

This now obsolete 50-pin tape drive interface standard was pio-
neered by companies like Wangtec and Archive. The pinout is listed in
the Pinout Section. If you run across a QIC-36 drive, you’ll need a con-
troller card which is QIC-02 software compatible to make it work.

SA-400 Interface

As with Seagate and the ST-506 Interface, the SA-400 interface is
named after the originator of the first mass produced floppy disk
drive. Shugart Associates manufactured the SA-400 in 1978 and it was
the first disk drive to gain wide acceptance. The interface used a sim-
ple 34-pin cable with the 17 odd numbered pins connected to ground
for noise reduction and shielding.

This 34-pin interface was modified to create the ST-506 hard disk
drive interface discussed earlier in this section. The pinout of the
interface used in modern floppy disk drives is shown in the Pinout
Section. Although additional functions have been added since the
original SA-400 drive (mainly DISK_CHANGE, SPEED_SELECT, and
DRIVE_READY), this pinout is still affectionately referred to as the SA-
400 interface.

Future Standards

Currently the most popular disk drive interface for small capacity
hard drives is the EIDE (or ATAPI) standard. In the immediate future,
the PC market will continue to be dominated by IDE drives.

The most popular interface for high performance, large capacity
drives in now SCSI. As SCSI software standards evolve, and the costs
of SCSI drives and controllers drop, much of the EIDE market will be
displaced by SCSI.

In workstations and high-end PC applications, it seems clear that
SCSI is the interface of the future. For example, all of the popular opti-
cal and DAT drives use the SCSI interface. We look forward to the time
when small computer peripheral interfacing is simplified as manufac-
turers all begin to conform to the new SCSI-III and future SCSI-IV stan-
dards.
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PRML TECHNOLOGY

PRML Technology

RML is an acronym for Partial Response Maximum Likelyhood.

PRML is a new solution to an old problem. Since disk drives were
first designed, there has been a push to pack the largest amount of
data possible into the smallest possible disk area. To understand
PRML, first look at the problem PRML is designed to overcome.

As data is packed closer and closer on the magnetic media, the
recorded bits tend to blur together. The blurring is mainly caused by
“bit shift” and by the unavoidable introduction of noise in the read
channel.

PRML read channels differ from conventional analog read channels
in the way they detect and separate recorded data. Analog read chan-
nels typically look at the position of the recorded peaks and use only
the peak position information to recover the recorded data. PRML
channels digitize the height of each peak and compare it to an aver-
age peak value. Once the PRML read channel has extablished values
for the size and shape of the peak, it adds this information to the val-
ues of peaks which are read subsequently. The PRML circuit looks at
the combination of the bit read and the subsequent bits, and then
decides which interpretation of bits will produce the least amount of
errors. If a weak or slightly shifted bit is detected (using an error
checking code), the PRML read channel can determine what the weak
bit should have been by analyzing it in combination with its neigh-
boring bits.

The net effect is that bits can be placed closer together on the
magnetic recording media. This means increased disk capacities with-
out significantly increased costs.

So how soon will PRML technology actually affect the performance
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PRML Encoding
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of available hard drives? Sooner than you might expect. Mid range dri-
ves will be the first to take advantage of the new technology. Cirrus
Logic and VTC are currently shipping silicon that fully implements
PRML. IBM, Quantum and others have PRML drives in production. The
current bottleneck seems to be data rate. Analog read channels are still
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much faster than their
available PRML counter-
parts. When this gap
closes, expect PRML to
add 30% to 50% more to
existing disk drive
capacities!
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ENHANCED IDE

he Enhanced IDE standard originally proposed by Western Digital

provides a solution to IDE’s three biggest problems: capacity, per-
formance, and expandability. The original IDE drives developed by
Conner and Compaq were designed to be compatible with IBM’s early
MFM controller card used in the original IBM AT’s. When this “register
level” compatibility was copied, some limitations went along with it.

The original IDE interface had a total drive capacity limitation of
528MB. This constraint came from the original IBM MFM controller
design that supported a maximum of 1024 cylinders, 16 heads, and 63
sectors per track. The original MFM controller used 10 bits to address
the cylinder count, 4 bits to select the head, and 6 bits to select the
sector number (that started with #1). This means that all existing PC
applications which write directly to the IBM compatible disk con-
troller registers have a total of 20 bits available to control the logical
block address of an IDE disk drive. Since a sector number of zero is
disallowed in the IDE interface, a total of 1,032,192 blocks can be
addressed. With a standard block size of 512 bytes per sector, origi-
nal IDE was limited to a 528MB maximum capacity.

ORIGINAL (NON-ENHANCED) IDE LIMITATIONS

Heads - 16 Maximum (Numbered 0 through 15)

Sectors - 63 Maximum (Numbered 1 through 63)

Cylinders - 1024 Maximum (Numbered O through 1023)

Total Blocks - 1,032,192

Maximum Capacity - 528 MB with 512 byte sectors
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To bypass this limitation, the new Enhanced IDE standard uses a 28
bit logical block address which can address a total of 26,8435,456
blocks. This provides a maximum drive capacity of over 13 Gigabytes,
which is enough for the near future. A standard IBM compatible BIOS
has it’s own capacity limitations. BIOS is limited to 1024 cylinders,
256 heads, and 255 sectors per track. This results in a BIOS maximum
capacity of 8.4GB.

IBM AT COMPATIBLE BIOS LIMITATIONS

Heads - 256 Maximum (Numbered 0 though 255)

Sectors - 63 Maximum (Numbered 1 through 63)

Cylinders - 1024 Maximum (Numbered O through 1023)

Total Blocks - 16,515,072

Maximum Capicity - 8.4GB with 512 byte sectors

Without a device driver, the maximum capacity of the proposed
enhanced IDE standard is 8.4GB. This is not currently an issue for hard
disks, but for larger capacity drives, like helical scan tape backup
units, it would be a limitation if other workarounds were not provid-
ed. One way to bypass this may be to switch to a larger block size for
these larger devices, such as the 2048 byte per sector block size used
in CD-ROM drives. Another is through the ATAPI system described
below.

The original IDE standard was also limited in terms of perfor-
mance. This was mainly due to the speed of 16 bit programmed (PIO)
data transfers. SCSI host adapters can transfer data faster than IDE by
using bus mastering processes programmed memory moves, or Direct
Memory Access. IDE drives must wait for the CPU to move data, two
bytes at a time. An instruction execution and an I/O cycle are required
as each pair of bytes to be moved from the IDE registers into main
memory. This PIO process is significantly slower than other methods.
When the original MFM drives were introduced, these slower data
rates were adequate, but with higher performance drives they are a
serious bottleneck.

The original IDE interface supports a maximum of two drives.
Removable drives, Optical drives, Tape Drives, and CD-ROM drives
were not provided for in the original IBM AT. Western Digital’s pro-
posed solution to this in Enhanced IDE is called ATAPI. ATAPI stands
for ATA Packet Interface, and its design is suspiciously similar to SCSI.
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In fact, ATAPI appears to have been copied from SCSI so that existing
manufacturers of SCSI drives could easily convert their drives to run
on Enhanced IDE systems. ATAPI provides support for tape, optical,
and CD-ROM drives through a packet messaging system.

Enhanced IDE hard drives are now available from several manufac-
turers in capacities over 2GB. ATAPI CD-ROM drives have become low
cost, standard units.
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SCSI COMMAND REFERENCE

hen we asked CSC customers what they wanted added to the
Sixth Edition Hard Drive Bible, the answer was unanimous. You

asked for a complete SCSI command set specification.

Although

printing the entire ANSI specification is beyond the scope of this
book, this chapter details the most common SCSI commands and their
command blocks.

The following commands are supported by nearly all SCSI drives:

© €SC 1996

COMMAND

FORMAT UNIT
INQUIRY

MODE SELECT
MODE SENSE
READ

READ CAPACITY
READ EXTENDED
READ LONG
REASSIGN BLOCKS
RELEASE

REQUEST SENSE
REZERO UNIT
SEEK

SEEK EXTENDED
START DIAGNOSTICS
START/STOP UNIT
TEST UNIT READY
VERIFY

WRITE

WRITE EXTENDED
WRITE LONG

OP CODE (HEX)

04
12
15
1A
08*
25
28*
3E*
07
17
03
01
0B
2B
1D
1B
00
2F
0A*
2A*
3F*

Note:

99% of the active time
on the SCSI bus is
spent executing these
commands. Most aver-
age systems execute 8
or more read com-
mands for each write
command.
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Format Unit - Op Code 04y

The FORMAT UNIT command ensures that the media is formatted
so that all initiator addressable data blocks can be addressed. The

medium is certified [T 7 ‘ 6 | 5 | 4 | 3 | 2 ‘ 1 ‘ 0
BYTE

and control struc-
0 Operation Code 04y

tures are created for ‘
1 LUN FmtDat | CmpLst Defect List Format

the management of

. 2 Reserved

the medium and
3 Interleave (MSB)

defects.
4 Interleave (LSB)

Note that suc-

5 VU Reserved Flag Link

cessful completion
of a FORMAT UNIT command does not necessarily mean that data has
been erased.

Inquiry - Op Code 12

The INQUIRY command requests that information regarding para-

meters of the target [or 7 6 5 4 3 2 1 0
.. BYTE
to be sent to the ini-
. 0 Operation Code 12y

tiator.
1 LUN Reserved
2 Reserved
3 Reserved
4 Allocation Length
5 vu Reserved ‘ Flag ‘ Link

Mode Select - Op Code 15y

The MODE SELECT command provides a means for the initiator to

change the drive's [r 7 s 5 p ; - - -
operating parame- [*°
ters. 0 Operation Code 155
1 LUN Reserved sp
2 Reserved
3 Reserved
4 Parameter List Length
5 vu Reserved I Flag ‘ Link
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The MODE SENSE command provides a means for the drive to

BIT 7 6 5 4 3 2 1 0
BYTE

0 Operation Code 1Ay

1 LUN l Reserved

2 PCF Page Code

3 Reserved

4 Allocation Length

5 vU Reserved Flag Link
Read - Op Code 08y

report its medium
or peripheral to the
initiator. This com-
mand is a comple-
mentary command to
the MODE SELECT
command.

The READ command requests that the drive transfer data to the ini-

tiator.

Bit/Byte Definition:

Logical Block Address - Specifies the logical block where the read

operation will begin.

BIT 7 6 5 4 3 2 1 0
BYTE

0 Operation Code 08H

1 LUN T Logical Block Address (MSB)

2 Logical Block Address

3 Logical Block Address (LSB)

4 Transfer Length

5 vu Reserved | Flag ’ Link

Transfer Length
- Specifies the num-

ber of contiguous
logical blocks of
data to transfer. A
transfer length of
zero indicates that
256 logical blocks

will be transferred. Any other value indicates the number of logical
blocks that will be transferred.

BIT 7 6 5 4 3 2 1 0
BYTE
0 Operation Code 25
1 LUN Reserved ‘ RelAdr
2 Logical Block Address (MSB)
3 Logical Block Address
4 Logical Block Address
5 Logical Block Address (LSB)
6 Reserved
7 Reserved
8 vu Reserved PMI
9 vu Reserved Flag Link
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Read Capacity
- Op Code 25y
The READ

CAPACITY command
provides a means for
the initiator to request
information regarding
the capacity of the
drive.
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Read Extended - Op Code 12y

The READ EXTENDED command requests that the drive transfer
data to the initiator.

Logical Block Address - Specifies the logical block where the read
operation will begin.

Transfer Length BIT 7 6 5 4 3 2 1 0
- Specifies the num- [*™=
ber of contiguous |2 Operation Code 12y
logical blocks of | LUN Reserved Reladr
data to transfer. A 2 Logical Block Address (MSB)
transfer length of | 3 Logical Block Address
zero indicates that | , L ogical Block Address
25.161 ]iogical tI?IOCl((iS 5 Logical Block Address (LSB)
will be transferred.
Any other value : e
indicates the num- |[— Tl L O
ber of logical |- Transfer Length 459)
blocks that will be L° v Reserved ‘ Flag | Link
transferred.
Read Long - Op Code 3Ey

The READ LONG command will transfer the specified sector of
data and ECC bytes moy 6 > 4 3 2 ! 0
to the initiator. The

. . 0 Operation Code 3Ey
drive will not cor-
rect the data field |— — Reverve? Kb
or the ECC byt es 2 Logical Block Address (MSB)
This Command is 3 Logical Block Address
intended for diag- 4 Logical Block Address
nOStiC pul‘ pOSC S. 5 Logical Block Address (LSB)

The number of |
bytes transferred to

Reserved

7 Reserved
the initiator will be
. 8 01
the sector size plus -
9 vu Reserved ‘ Flag ’ Link

the mnumber of
bytes contained in the ECC field.

Reassign Blocks - Op Code 07y

The REASSIGN BLOCKS command requests the drive to reassign
the defective logical blocks to an area on the drive's media reserved
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for this purpose
The initiator transfers a defect list that contains the logical block
addresses to be reassigned. The drive will reassign the physical media
used for each logical block address in the list. The data contained in
the logical blocks specified in the defect list may be altered, but the
data in all other logical blocks on the medium will be preserved.
Specifying a logical block to be reassigned that was previously

BIT 7 6 5 1 3 2 1 o reassigned will

I cause that block to
0 Operation Code 07y be reassigned
1 LUN Reserved

again. Thus, over

2 Reserved the life of the medi-
3 Reserved um, a logical blOCk
5 Reserved can be assigned to a
5 VU Reserved ‘ Flag ‘ Link

multiple physical

addresses until no more spare locations remain.

Reassign Blocks Defect List

The REASSIGN BLOCKS defect list contains a four byte header fol-
lowed by one or more defect descriptors. The length of each defect
descriptor is four bytes.

Defect List Length - Specifies the total length in bytes of the defect
descriptors that follow. The defect list length is equal to four times the

REASSIGN BLOCKS number of defect
Defect List .
BYTE Defect List Header dCSCI‘lp tors.
0 Reserved The dCfCCt
! Reserved descriptor specifies
2 Defect List Length (MSB) th e four byte defCCt
3 Defect List Length (LSB)

logical block
address that contains the defect. The defect descriptors must be in
ascending order.

DEFECT DESCRIPTOR(S) .

If the drive has

BYTE insufficient capaci-
0 Defect Logical Block Address (MSB)

1 Defect Logical Block Address ty to reaSSlgn all Of

2 Defect Logical Block Address the defeCtlve logl-

A cal blocks, the com-
3 Defect Logical Block Address (LSB)

mand will termi-
nate with a CHECK CONDITION status and the sense key set to MEDI-
UM ERROR. The logical block address of the first logical block not
reassigned will be returned in the information bytes of the sense data.

© C€SC 1996

Hard Drive Bible 37



Corporate Systems Center (408) 743-8787

Release - Op Code 17

The RELEASE command is used to release a previously reserved
drive. It is not an error for an initiator to attempt to release a reser-
vation that is not currently active.

BIT 7 6 5 4 3 2 1 0
BYTE

0 Operation Code 17y

1 LUN | 3rd Pty ] Third Party Device ID Extent

2 Reservation Identification

3 Reserved

4 Reserved

5 vu Reserved | Flag | Link

Request Sense - Op Code 03y

The REQUEST SENSE command requests that the target transfer
sense data to the initiator.

The sense data is valid for a CHECK CONDITION status returned
on a prior command. The sense data is preserved by the drive for the
initiator receiving the CHECK CONDITION status until a REQUEST
SENSE command or any other is issued to the drive. Sense data is
cleared upon receipt of any subsequent command to the drive from
the initiator receiving the CHECK CONDITION.

The REQUEST SENSE command will return the CHECK CONDI-
TION status only to report fatal errors for this command. For exam-
ple.

* The target receives a non-zero reserved bit in the command
descriptor block.

An unrecovered parity error occurs on the data bus.
A target malfunction prevents the return of sense data.

BIT 7 6 5 4 3 2 1 0
BYTE

0 Operation Code 03y

1 LUN Reserved

2 Reserved

3 Reserved

4 Allocation Length

5 vu Reserved | Flag [ Link
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Rezero Unit - Op Code 01

The REZERO UNIT command requests that the drive position the
actuator to cylinder zero.

BIT 7 6 5 4 3 2 1 0
BYTE

0 Operation Code Olyy

1 LUN Reserved

2 Reserved

3 Reserved

4 Reserved

5 vu ‘ Reserved | Flag ‘ Link

Seek - Op Code 0By

The SEEK command requests that the drive position itself to the
specified logical block.

BIT 7 6 5 4 3 2 1 0
BYTE

0 Operation Code 0By

1 LUN Logical Block Address (MSB)

2 Logical Block Address

3 Logical Block Address (LSB)

4 Reserved

5 vu ’ Reserved ‘ Flag ‘ Link

Seek Extended - Op Code 2By

The SEEK EXTENDED command requests that the drive position
itself to the specified logical block.

BIT 7 6 5 4 3 2 1 0
BYTE

0 Operation Code 2By

1 LUN Reserved

2 Logical Block Address (MSB)

3 Logical Block Address

4 Logical Block Address

5 Logical Block Address (LSB)

6 Reserved

7 Reserved

8 Reserved

9 vu Reserved ‘ Flag | Link
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Send Diagnostic - Op Code 1Dy

The SEND DIAGNOSTIC command requests that the drive perform
diagnostic tests on itself. There are no additional parameters for this

command.
BIT 7 6 5 4 3 2 1 1)
BYTE
0 Operation Code 1Dy
1 LUN Reserved | Slf Test | Devof 1 bnit of 1
2 Reserved
3 Parameter List Length (MSB)
4 Parameter List Length (LSB)
5 VU [ Reserved ‘ Flag ‘ Link

Start/Stop Unit - Op Code 1By

The START/STOP UNIT command requests that the drive either
start the spin motor and position the read/write heads to cylinder
zero or stop the spin motor and position the read/write heads in the
landing zone.

BIT 7 6 5 4 3 2 1 0
BYTE
0 Operation Code 1BH
1 LUN Reserved Immed
2 Reserved
3 Reserved
4 Reserved Start
5 vU L Reserved Flag Link

Test Unit Ready - Op Code 00y

The TEST UNIT READY command provides a means to check if
the drive is ready. This is not a request for a self-test. If the drive will
accept a medium-

BIT 7 6 5 4 3 2 1 0
access command ([BYIE
without returning a [_° Operation Code 00H
CHECK CONDI- 1 LUN Reserved
TION status then |2 Reserved
this command will |3 Reserved
return a GOOD sta- | ¢ Reserved
tus. 5 VU Reserved Flag ’ Link
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Verify - Op Code 2Fy

BIT 7 6 5 4 3 2 1 0

BYTE
0 Operation Code 2Fy
1 LUN Reserved ‘ BytChk ‘ RelAdr
2 Logical Block Address (MSB) Th ¢ VERI FY

command requests

: Lo sk e that the drive verify
4 Logical Block Address t he d at a on t h e
5 Logical Block Address (LSB) me dium_
6 Reserved
7 Verification Length (MSB)
8 Verification Length (LSB)
9 vu ‘ Reserved | Flag ‘ Link

Write - Op Code 0Ay

BIT 7 6 5 4 3 2 1 0

BYTE The WRITE
2 Opcron Coce P command requests
1 LUN J Logical Block Address (MSB) that the driVC Writc
2 Logical Block Address the data transferred
2 Logien] Block Address 4B by the initiator to
! Transfer Length the medium.
5 vu | Reserved J Flag | Link

Write Extended - Op Code 2Ay

BIT 7 6 5 4 3 2 1 1]
BYTE
0 Operation Code 2Ay
The WRITE
1 LUN Reserved RelAdr
EXTENDED com-
2 Logical Block Address (MSB)
mand requests that
3 Logical Block Address . .
the drive write the
4 Logical Block Addre:
= data transferred by
5 Logical Block Address (LSB) « ey
- the initiator to the
6 Reserved .
medium.
7 Transfer Length (MSB)
8 Transfer Length (LSB)
9 VU Reserved ‘ Flag l Link
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Write Long - Op Code 3Fy

The WRITE LONG command will transfer a sector of data and ECC
bytes to the drive.The bytes transferred to the drive are written in the
data field and the ECC bytes for the particular sector specified in the
logical block address. This command is intended for diagnostic pur-
poses.

The number of bytes transferred to the drive will be the sector size
plus the number of bytes contained in the ECC field.

BIT 7 6 5 4 3 2 1 0
BYTE

0 Operation Code 3Fy

1 LUN Reserved RelAdr

2 Logical Block Address (MSB)

3 Logical Block Address

4 Logical Block Address

5 Logical Block Address (LSB)

6 Reserved

7 Reserved

8 Oly

9 vu Reserved | Flag ‘ Link
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WHAT 1S SCSI-II?

$CSI Buzzwords

he American National Standards Institute (abbreviated ANSI) orga-

nizes committees of industry representatives who work together and
form standards for computer interfaces. These standards are designed so
that peripheral products from different manufacturers will operate
together with little or no custom configuration.

The ultimate goal of ANSI SCSI committees is the creation of true “plug
and play” interface standards. They want SCSI to support ALL of the dri-
ves in your system: HARD, CD-ROM, TAPE, OPTICAL and even printers!
They’re making progress, but the standards are constantly changing.
Here’s a brief explanation of the more popular terms:

SCSI-in

SCSI-III is the popular name for the newest standard document that is
currently being completed by ANSI. The SCSI-III document will include
several new interface standards, including “fiber channel” which uses an
optical fiber to transmit data at increased speeds. You can download more
information and SCSI specifications from the CSC BBS at (408) 541-8455.

We will be adding the SCSI spec documents to our Web site at:
WWW.CORPSYS.COM soon.

The current SCSI-I standard document is the only SCSI document that
has been completed and accepted by the industry at the time of this writ-
ing. The SCSI-II specification includes the following connector standards
that are now in widespread use throughout the hard disk drive industry.

FAST SCSI - How it dll started
The original SCSI-I standard dates back to 1986. ANSI named the
specification “ANSI X3.31-1986”, and a standard was born. The first

SCSI products transferred data at rates from 1.5 to 5MB/sec over a stan-
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dard 50 pin connector. As more devices began to share the bus, and as
hard disk performance increased, the SMB/sec maximum transfer specifi-
cation became a bottleneck. “Fast SCSI” came to the rescue. Timing spec-
ifications were adjusted as synchronous transfers were added so that 10
MB/sec could be transferred over the 8 bit interface.

Narrow SCSI

The term “Narrow SCSI” is now used to refer to SCSI devices that
transfer data over a “narrow” 8 bit 50 pin connector up to 10MB/sec. Most
currently manufactured SCSI-II devices support “fast SCSI” and transfer
data up to 10 MB/sec. Several manufacturers are working on variations of
narrow SCSI that increase transfer rates over 10 MB/sec. One proposed
standard is “Ultra SCSI”, which uses the 50 pin narrow SCSI interface but
makes changes to timing and handshaking to increase burst transfer per-
formance up to 20MB/sec. For “Ultra SCSI” to work, both the controller
and drive must fully support the faster timing and handshaking. “Ultra
SCSI” drives are more susceptible to termination and noise problems, and
require shorter cables than standard 10 MB/sec SCSI-II drives.

WIDE SCSI

The term “SCSI-III” is often used to refer to WIDE SCSI. This isn’t exact-
ly correct. WIDE SCSI is the correct name of the popular 16-bit wide
interface that doubles data transfer rates to 20MB/sec. Wide SCSI drives
use 68 pin and separate power connectors. Wide SCSI provides a reliable
performance boost for workstations and file servers. The difference
between narrow (50 pin) and wide (68 pin) SCSI performance is particu-
larly noticeable when using multitasking operating systems like Novell or
Windows NT. Proposed standards exist to increase the transfer rates up
to 40MB/sec using a 32-bit cable. Wide SCSI drives are reliable and robust.
The only disadvantage to using WIDE is the added bulk and expense of
the cables.

SCA

Another popular SCSI drive interface is “SCA”, which stands for Single
Connector Assembly. SCA connectors carry both the SCSI data and power
to the drive in a single connector. SCA is used in newer file servers, disk
arrays, and workstations. 80 pin, 16 bit Wide SCSI is the most common
SCA, but narrow connectors are also available. SCA connectors are
rugged and designed for “hot plug” operation.
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Fiber Channel - The future of SCSI?

Fiber channel is an optical interface proposed but not finalized in the
new SCSI-II standard. Current fiber channel technology operates at 12.5-
25MB/sec data transfer rates. Much higher transfer rates are possible as
the technology develops. Fiber channel cables are unaffected by termi-
nation, electrical noise, length, and other limitations that make conven-
tional SCSI cabling difficult.

Both Sun Microsystems and Silicon Graphics use fiber channel inter-
faces to their disk arrays. In early 19906, list prices for fiber channel disk
arrays started around $16,000. Inside the disk arrays, standard SCA or
Wide SCSI cables are used to interface with the drives. Disk drives with
optical fiber interfaces have not yet become affordable or available in
quantity. Fiber channel will certainly have an effect on the SCSI industry,
but it will be years before it’s in widespread use.

Another potential alternative is Apple Computer’s proposed “Fire
Wire” standard. “Fire Wire” offers fiber channel data transfer rates over
lower cost, easy to connect 6 pin cables. Time will tell if Apple’s idea will
catch on.

Downward Compatibility?

Can SCSI-II and SCSIHIII devices share the same controller? How about
narrow and wide drives? The answer is yes - sometimes. To properly
share narrow and wide drives on a PC, you’ll want a controller card that
has both connectors - narrow 50 pin and wide 68 pin.

If you're using a workstation with a 68 pin wide connector, you’'ll need
a 50 pin to 68 pin adaptor cable to use both wide and narrow drives
simultaneously. Adapter cables can cause termination problems for rea-
sons that we won’t discuss here. Use them only as a last resort.

The ideal solution is a controller with three connectors (2 wide and
one narrow) and automatic termination. CSC manufactures a three con-
nector PCI card that’s supported by Win ‘95 and NT.

What SCSI flavor should I buy?

All standards are subject to change until the industry approves and
accepts them. Whatever you choose, make sure it’s upgradable for future
expansion. A card with FLASH ROM or removable EPROM like CSC’s PCI
cards will let you add software features as SCSI standards advance.

For file servers and workstations, your best performance choice today
is Wide SCSI. In the PC environment, we recommend SCSI over IDE for
performance, flexibility, and the ability to add high performance periph-
erals.
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SCA HOT PLUG

Technically, SCA isn’t a separate interface. It’s really just another
way to use SCSI. SCA stands for “Single Connector Assembly”, and

SCA drives use a single 8 pin connector which carries both power and
data. SCA was originally desinged for use in disk arrays, but it’s finding

its way into workstations and high end PC environments.

SCA drives are often mounted
in a carrier which permits them to be
easily removed for service, replace-
ment, or to exchange data. Military
and Government institutions with
strong data security requirements like
the removability of SCA. Since hard
drives are relatively fragile devices, we
don’t recommend you remove your
drive for transport in your briefcase.

SCA drive in carrier
(as used in SUN
workstations)

But if you’re running a mission critical network system, SCA provides

great serviceability along with Wide SCSI performance.

Since an SCA drive includes everything a SCSI drive contains,

simple adapters are available to connect thes drives to either Narrow

or Wide systems. A SCA adaptor from
CSC is pictured to the right.

© (sC 1996
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PCl INTERFACE

he PCI bus has rapidly overtaken older industry standards like
TEISA, and VESA. PCI uses a solid hardware and sofware specifica-
tion to ensure compatability with different cards and different CPU
chips. PCI stands for “Peripheral Computer Interface”, and is used
with processors ranging from Intel’s Pentium Pro to DEC’s fast Alpha
Chip. Apple loves how it accelerates the Motorola Power PC proces-
SOTS.

PCI offers two main advantages. First, it’s fast. Real fast. A true
133MB/sec transfer rate is realistic. This transfer feeds data faster than
most microprocessors and memory systems can digest. There’s no
disk drive that can sustain transfer rates anywhere near what the PCI
bus can handle.

The second advantage of PCI is “plug and play”. PCI boards install
easily without setting jumpers or switches. Automatic configuration
of interrupts, memory and I/O address space are performed by the
host processor when the system first starts up. There’s almost no
potential for an interrupt or address conflict.

PCI self configuration is made possible by a hardware resource
switching system that operates under software control. On power up,
the host processor first checks to see what hardware requirements
each adaptor card will have. These requirements may include memo-
ry address space, I/O address space, hardware interrupts, and even
DMA transfer capability. The processor then starts assigning resources
to each PCI slot. To be “PCI compatible”, the adapter card and its dri-
ver software must support any address, interrupt, or I/O location that
is assigned to it. So the processor forces each card to take a “place in
line” by assigning hardware resources in sequence.
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Unfortunately, “Plug and Play” sometimes becomes “Plug and Pray”.
When a PCI card won’t work in your system, you don’t have any
options to reconfigure it. You might end up wishing your card had
switches and jumpers after all. Don’t abandon hope. Most newer
motherboards (we like the Intel manufactured boards) have PCI con-
figuration options in CMOS setup to help you. Try changing the “PCI
Bus Mastering” option for network or SCSI controller card problems.
Switch the PCI system interrupt number if your card works but the
software drivers won’t load.
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CHOOSING A HARD DRIVE &
CONTROLLER

CHOOSING A HARD DRIVE AND CONTROLLER

ith so many different drives and controllers on the market,

where do you start? Begin with software requirements. Narrow
your choices by eliminating drive interfaces or controllers that are not
compatible with your application. For example, an IDE drive might
not offer sufficient performance for your network software, or an
older machine might not be compatible with Enhanced IDE. In gen-
eral PC applications, IDE drives are the most compatible since nearly
all operating systems will run an IDE drive without additional soft-
ware drivers.

In terms of performance and flexibility, SCSI is always the best
choice. Unfortunately, almost all advanced operating systems like Win
95, 0S/2 and Windows NT require software drivers for full perfor-
mance and support of SCSI controllers. Determine the availability of
software drivers for your applications before choosing SCSI.

Consider future expandability and upgradability. SCSI controllers
offer the most flexibility and expandability in the long run. With a
SCSI controller, you can daisy-chain 7to 15 different devices, including
SCSI hard drives, CD-ROMs, erasable optical drives, DAT and other SCSI
peripherals from the same controller.

Most interfaces other than SCSI and IDE are now obsolete. Use
them only if you are upgrading an older system that already has them
installed. ESDI, RLL, and MFM drives are still available. They may not
be the fastest or most economical choice, but they may be a good
choice for upgrading an older system.

If you are building a new IBM compatible system, you also have a choice
of motherboard bus/controller card configurations. The most popular
choices are ISA and PCI. Each bus has it advantages and limitations.
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ISA refers to the original 16-bit bus that IBM designed into the first
80286 based AT computers. The IBM ISA specifications strictly limit-
ed bus speed to 8MHZ and set firm rules about bus timing. Newer
clone motherboards violate this specification and permit operation up
to 16MHz. The ISA bus design is capable of accommodating most hard
drives and I/O cards without a bottleneck. Its main limitation is video.
With the advent of programs like Microsoft Windows, large amounts of
data must be transferred quickly to the video card as windows are
opened, closed, and scrolled. The original AT bus lacks the band width
for acceptable video performance.

To solve the AT-Bus performance problem, a committee called the
Video Electronics Standards Association was formed. The VESA local
bus standard was established to improve video performance while
maintaining compatibility with ISA bus peripherals. VESA bus moth-
erboards have two or three local bus slots that are connected directly
to the 32 bit bus of the Intel compatible CPU chips. This permits up
to three VESA peripherals to operate at any speed up to the full speed
of the processor. The main problem with the VESA bus design is bus
loading. As VL-bus speed is increased (VESA bus speed is linked direct-
ly to processor speed), the number of adapter cards that can be used
decreases. For example, most 50MHz VESA motherboards will support
only one or (maybe) two cards. Due to these limitiations, the VESA VL-
BUS standard has lost popularity and is now found only in older sys-
tems.

A new standard, the Peripheral Connection Interface (or PCI) bus
has now taken front stage. The PCI bus offers high performance (up
to 133MB/sec in burst mode) and easy installation. PCI doesn’t suffer
from a limited number of supported slots as VESA does. PCI boards
are also autoconfiguring (an advantage over VESA and ISA). As more
PCI peripherals become available and prices drop, the price/perfor-
mance ratio of PCI will make it the only practical bus for SCSI drive
interface cards. Insist on both PCI and ISA if you are building up a new
system.

Once you’ve selected a motherboard, it’s time to make sure the
controller board is really compatible. The EISA bus is so strictly
defined that we have seen very few compatibility issues arise. ISA
compatibility problems usually occur only when the bus speed is
increased over 10MHz or the bus timing is irregular. The VESA bus is
famous for compatibility problems between video and controller
cards. PCI cards are generally all compatible, but inserting one low
performance PCI card in your system will lower the performance of
all the other cards.
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With standard IDE controllers, bus speed is normally not an issue.
With memory or I/O mapped SCSI controllers, you will need an avail-
able interrupt and rsufficient address space in the base 640K memory
to support the footprint of the controller BIOS. ISA bus mastering
controllers of any type can be a nightmare. Bus on/off times and
refresh release rates often need to be adjusted to get things working.
With a negligible performance difference between bus mastering and
memory mapped controllers, you are best off steering clear of bus
mastering controllers. ISA bus mastering controllers may also have
compatibility problems or performance limitations in machines with
more than 16MB of memory.

Our overall recommendations: A fast PCI SCSI controller for new
systems. Couple this controller with the largest SCSI drive you can
afford. If you are interested in a small capacity drive and controller, an
EIDE drive will offer the most for the money. Weigh your storage and
speed requirements. For Network server applications, go with the
fastest wide SCSI drive you can afford. For workstations or light data-
base applications, a larger capacity drive with a slower access time
and lower cost may be preferable. In notebook and portable applica-
tions insist on a drive with good shock tolerance. When selecting a
drive capacity, be sure to think to the future. It’s better to start with
a large capacity drive now than to replace the entire drive in the near
future.

In summary, for most low capacity applications we recommend a
small, inexpensive EIDE drive with an imbedded controller. For maxi-
mum software compatibility in sizes below 2GB standard EIDE drives
are a good choice. For top performance and upward compatibility
with the ability to daisy-chain additional peripherals, choose a SCSI
drive and controller.
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CONTROLLER SETUP & JUMPERING

n PC applications, controller jumpering is often the first step in
Iinstalling a new drive and controller. You will need the controller
board manual, to correctly jumper the controller, as well as docu-
mentation on the other boards installed in the system. Settings for
some common controllers are provided in the Controller Information
section of this manual.

You may need to jumper the controller board for one or more of
the following settings:

ISA Bus Base 1/0 Address

The base I/0 address of your controller can normally be left at the
factory default setting unless you are installing two controller boards
in the same system. If you are installing two boards, the first board
must be set at the primary I/O address, and the second board can use
any available I/O address. Be sure to check for conflicts with net-
work boards, tape drive controllers, and video boards before selecting
your secondary address.

If you are installing an IDE disk drive, the primary port addresses
used are 1F0-1F7H and 3F6-3F7H. At the time of this printing, MS-DOS
6.4 did not support the use of more than one IDE controller at an
alternate (secondary) address. Windows ‘95 and IBM's OS/2, howev-
er, do support a secondary IDE controller.

If you are designing an I/O mapped controller card that must
coexist with an IDE or similar board, I recommend using a base
address of 180H or 320H. These areas are almost never used by other
peripherals.
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NOTE:
Not all motberboard
BIOS ROMs will sup-
Dport controller card
BIOS addresses over
EOQOOH. If you experi-
ence problems, try
choosing a BIOS
addpress between
AQOOOH and DFFFH
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ISA Bus Base BIOS Address

If your controller card has a ROM BIOS, you will need to select a
starting address. When selecting a starting BIOS address, add the start-
ing address of the card and the length of the required I/O space. Make
sure that the address you select will not cause ROM address conflicts
with any other boards (particularly VGA and network boards). If you
are unsure of the length of the BIOS ROM on the controller, use
DEBUG to dump the third byte of the ROM. This corresponds to the
length of the BIOS in 512 byte blocks. Every system configuration is
different, but most IBM compatibles have room for a 16K or 32K BIOS
starting at C8OOH or DOOOH.

ISA Bus DMA Channel

Most controller cards do not use third party DMA. Exceptions to
this are some high performance SCSI and ESDI controllers. You can
share a DMA channel with another device only in the rare case that
your software and hardware support it. Make sure to set both DREQ
and DACK jumpers identically.

ISA Bus Controller Interrupt

Most controller boards do not use interrupts in DOS applications,
but a hardware interrupt is required for all Novell and most UNIX
applications. Select any available interrupt, but be sure to define it
correctly when running NETGEN. Interrupts 14 and 15 are generally
available on most PC's. IRQ 14 is normally used by the primary IDE
controller. Lower interrupt numbers have higher CPU priority.

Floppy Address

A secondary floppy address must be selected for two floppy con-
trollers to peacefully coexist in the same system. OS/2 users will find
support for two floppy controllers built into the operating system. If
you are running DOS, you will not be able to use the second floppy
controller without a device driver installed in your CONFIG.SYS file.
If your floppy controller is compatible with the original IBM-XT archi-
tecture (copied in all clones from 8088's to P5's), you can use DOS
DRIVER.SYS to control your extended floppies.

DOS DRIVER.SYS parameters are listed below. Enter all necessary
parameters on the DEVICE = DRIVER.SYS line in your CONFIG.SYS
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file. For example, if you have one hard disk installed and wish to use
a 1.44MB floppy as your third (i.e. D:) drive, add the following line to
your CONFIG.SYS:

DEVICE=DRIVER.SYS /F:7 /C
The following switches are supported by MS DOS 5.0:
/T:x x = number of tracks

/C indicates that disk change is supported by the

drive
/F:x x = drive form factor code
0 = 360K
2 = 720K
1=1.2MB
7 = 1.44MB
9 = 2.88 MB
/H:x x = number of heads

/S:xxX = number of sectors per track

More detailed information on CONFIG.SYS can be found in your
DOS manual.

Controller cards with well written BIOS codes (like the CSC
FastCache™ series) will operate extended floppy drives without soft-
ware drivers. If you have one of these cards, modifications to your
CONFIG.SYS will not be needed in most cases.

2.88MB drives are now supported as primary (boot) drives by most
new motherboard BIOS ROM's, including AMI, and M.R. BIOS.

A Tip for ISA Motherboards With "Extended Chipset" Setup

If you are using a motherboard based on the Chips & Technology
3 chip LSI chips, the newer OPTI chips or other programmable
chipset, congratulations! The speed of your RAM and I/O channel can
be altered to increase overall system performance by “fine tuning”
your motherboard. You can select I/O clock speed and wait states by
running the extended setup program that came with your mother-
board and using the information in Table A. Be careful when setting
I/O channel wait states on these motherboards. It is easy to outrun
many controller boards by selecting SYSCLOCK/2 without wait states.
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Recommended C & T,
OPTI, Intel, and ETQ
Wait States.

NOTE:
SYSCLOCK is the CPU
clock frequency of your
motberboard. Use
extended setup to chose
betweembetween

SYSCLOCK, SYSCILOCK or
SYSCILOCK
3 4
5,6 etc.

to adjust your bus
clock frequency.

For example, a system
clock of 50MHz and an
extended setting of:

SYSCLOCK
5

will provide a bus
clock speed of

50
5 =10 MHz.
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Once your controller is jumpered correctly, proceed to CMOS setup
and then low-level format. See the following section that corresponds

to your drive type for set-up and low-level formatting instructions.

SYSCLOCK I/O Channel 16-Bit Bus
Read/Write Wait States

N Wait States
Over 8 MHz 1 wait state 2 wait states

8 MHz or less

0 wait states

1 to 2 wait states

Most Floppy Controllers will work at bus speeds up to about
10MHz. Many Hard Drive Controllers do not operate reliably much
over 10 MHz. These estimates include 2 wait states. Note that I/O
operations on the PC bus have one extra wait state when compared to
memory operations. This is why memory mapped cards generally
transfer data faster than I/O mapped cards.

Your C&T or OPTI motherboard extended setup may also permit
disabling the ISA bus REFRESH line. REFRESH is a signal necessary for
proper operation if your system contains any expansion cards that use
dynamic memory. Cards that require this signal include: EMS cards,
laser printer direct video boards, caching controller cards, and several
other peripherals. Disabling this line will improve bus throughput by
between 1% and 3%. Go ahead and disable it if you need this small
performance increase, but be warned of compatibility problems down
the road.
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DRIVE SETUP & JUMPERING

Typical IDE Drive Installation

SC's technical support department is constantly asked: "What drive

parameters should I use to install my IDE drive?" All modern IDE dri-
ves use what is called "automatic translation". This translation helps the
drive to match itself to the parameters you choose. For example, a 80-
megabyte drive might have 6 heads, 17 sectors per track, and 1230 cylin-
ders. This same drive could be installed using a CMOS configuration of 12
heads, 17 sectors per track and 615 cylinders. Doubling the number of
heads and halving the number of cylinders has no effect on the formatted
capacity of the drive. The drive automatically translates the "logical para-
meter" of cylinder O head 6, sector 17 into the "physical" parameter of
cylinder 1, head 3, sector 17. In fact, for DOS to access the full capacity
of a drive, it should be set-up with a configuration of 1024 cylinders or
less.

The system BIOS informs the imbedded drive controller of the CMOS
settings on power up, and the drive then mimics this logical configura-
tion. This means you can choose any parameters for an IDE drive as long
as the CMOS settings do not exceed the physical capacity of the drive.
There are also a few other practical limitations to the logical parameters
you choose. For reasons described in the next few chapters, the maxi-
mum number of cylinders you should use is 1024. The maximum number
of sectors per track is limited to 63, and the number of heads should not
exceed 64. :

To select drive parameters for any IDE drive in the drive list, simply
choose a CMOS type with a formatted capacity less than or equal to the
drive you are using. If you are using a system with a "user definable" drive
type, enter the physical parameters of the drive from the drive list. If the
physical parameters exceed 1024 cylinders, double the number of heads
and halve the number of cylinders.

If you have a copy of CSC's IDSCAN software, ignore the drive tables
and just boot from floppy. Run IDSCAN and we'll take care of setting
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CMOS for you.

Some newer system board BIOS ROM's have ID Scan programs built
in! Selecting the correct CMOS configuration parameters may be as easy
as running the "automatic configuration" utility in your ROM BIOS setup
program!

Once you CMOS is set correctly, proceed to the DOS partitioning and
high-level format instructions in the following chapters. If you are using
the drive for Novell, a Compsurf may be necessary. Low-level formatting
is not required or recommended for any IDE drive.

IDE Drive Jumpering
Most IDE drives have one or more of the following jumpers:
HOST SLV/ACT, C/D, DSP, and ACT.

HSP, when jumpered, grounds the HOST/SLAVE/ACTIVE signal on the
IDE interface.This signals the system that a slave drive is present in a
two drive system. You need to add this jumper only if you have two
IDE drives installed.

C/D is also sometimes labeled DS and is the drive select jumper. This
jumper is set on the master (i.e. C:) drive and removed on the slave
(i.e.D:) drive.

DSP should only be jumpered on the first drive (i.e. C:) if
two IDE drives are installed in the same system. This
jumper tells the master (i.e. C:) drive that there is another
drive present on the IDE cable.

The ACT jumper connects the -ACTIVE signal to the -HOST SLV/ACT
signal on the interface. This signal is used to drive an external LED
that indicates drive activity. If the hard drive activity LED doesn't
work on your system, chances are you need to add an ACT jumper.

DSO or DS1 Confusion

Drive select jumpers are often a source of confusion and frustration.
It seems that some manufacturers label their four drive-select jumpers
DSO0, DS1, DS2, and DS3. Others label them DS1, DS2, DS3, and DS4. We
will use the more common convention DS0, DS1, DS2, and DS3 through-
out this manual.

MFM, RLL, and ESDI Drive Jumpering

If you are installing a single MFM, RLL, or ESDI drive in your system,
choose DSO if your jumpers start with DSO or choose DS1 if your jumpers

© CsC 1996



start with DS1. These are actually the same jumpers, just numbered dif-
ferently by the drive manufacturer. What you need in a single drive
MFM/RLL installation is the first available drive-select jumper.

If you are installing a second MFM or RLL drive in your system with a
twisted cable, choose DS1 if your jumpers start with DSO or choose DS2
if your jumpers start with DS1. What you really want in this case is the
second drive select jumper.

Always connect drive C: to the last connector (after the twist).
Connect D: to the middle connector (before the twist).

And you are installing:
If your drives have select
ins numbered:
P 1 Drive with a 2 Drives with a 2 Drives with a
flat cable twisted cable flat cable
Set C:to DS1 Set C: to DSO
DSO to DS3 Set C:to DSO Set D: to DS1 Set D: to DS1
Set C:to DS2 Set C:to DS1
DS1 to DS4 Set C:to DS1 Set D: to DS2 Set D: to DS2

SCSI Drive Jumpering

SCSI drive jumpering is an altogether different story. SCSI drives usu-
ally use three jumpers for addressing. The eight possible on/off configu-
rations of these jumpers represent eight SCSI addresses. Normally these
jumpers follow a straight-forward binary sequence with the lowest num-
bered jumper being the LSB. Check your drive manual or the Connector
Pinout section to be sure before jumpering your SCSI drive.

SCSI drives usually have a jumper that selects the source of termina-
tor power. This jumper is important if your controller or system does not
supply terminator power. In this case, you will need to jumper the drive
so that terminator power is supplied from the drive.

Many SCSI drives also have a jumper for power up spin. This jumper
is changed to permit the system to control spin-up of the drive. Many
Seagate and Maxtor drives also have jumpers that permit spin up delays
based on the SCSI ID jumper. Since each drive has a different SCSI ID, this
means that each drive will spin up at a different time. This option is pro-
vided because the power requirements are much higher during spin-up
than when the drive is running. Many disk arrays and large systems with
multiple drives are set up to take advantage of this option. Longer power
supply life is the result.

If you have an Adaptec™ controller, you will need to set your boot
drive to ID 0. Your second drive should be set to ID 1. If you want to use
more than two drives under DOS, you will need to load ASPI4DOS.SYS
and ASPIDISK in your CONFIG.SYS file. ASPIDISK will also be necessary if
you are running any protected mode software. The driver installation
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process with these cards can become quite involved.

If you are using a CSC FastCache™, you will need to run FCSETUP
when you first install your hard drive or when you make any changes to
your SCSI hardware configuration. Once you have run the setup program,
NO DRIVERS will be necessary for running up to 7 SCSI hard drives under
DOS. Erasable optical drives can also be run without drivers. No changes
to your CONFIG.SYS are necessary, and you can set the card to boot from
any ID. Also, no drivers are needed for protected mode programs (like
Windows™ in 386 Enhanced Mode). Just add an exclude statement to
your memory manager so that the memory range of the FastCache is left
unchanged. Nice, huh?

Most other SCSI controllers such as the CSC PCI SCSIHII board will
scan the SCSI bus each time the system is powered up, adding support for
the extended drives at that time.
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DRIVE CABLING

IDE Drive Cabling

DE (Imbedded Drive Electronics) interface disk drives use a 40-pin
Iinterface cable. This cable connects the drive logic board (with
imbedded controller) to a bus adapter card or to a motherboard IDE
connector. IDE adapters are usually called “paddle boards”. The pad-
dle board buffers (amplifies) the signals from the drive and provides
enough power to drive the PC bus.

Cabling an IDE drive is simple. Connect a 40-pin flat cable from
the drive to the controller, being careful to observe pin 1 orientation.
If the drive supports it, a second IDE drive can usually be connected
to the same cable. To do so, jumper the boot drive in “master” mode,
and jumper the second drive as a “slave” as described in the Drive
Setup & Jumpering section. Since the IDE interface transfers data and
control signals at full bus speed, IDE cable lengths are critical. As a
rule of thumb, try to avoid using a cable longer than 18" in any IDE
drive installation.

What Are These Twisted Cables?

Why do many drive installations use twisted cables? Simply
because IBM used them in the first PC’s. In an effort to simplify instal-
lation, IBM decided to jumper all of their hard and floppy drives on
the second drive select. This eliminated the need for technicians to
jumper the drives. The first floppy drive (A:) was connected to the
end of the cable (after the twist). The second floppy drive (B:) was
connected before the twist. The twist in the cable simply flipped the
first and second drive select lines so that all drives could be jumpered
identically.
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The floppy and hard drive cables in a standard AT look suspicious-
ly similar. Be careful not to interchange them. A significant number of
installation problems are a result of interchanged hard and floppy
cables. Each cable has a different twist, and they are often not marked.
If you are using twisted cables, make sure the floppy drive cable has
seven conductors twisted. A twisted cable used with older MFM or
RLL hard drives must have only five conductors in the twist. See the
cable chart at the end of this section.

Single Drives (MFM, RLL or ESDI) Cables

Cabling a single drive MFM, RLL, or ESDI system is easy. Use a stan-
dard 20-pin flat data cable and a 34-pin control cable with no twist. A
word of caution: watch out for pin one. Pin one is identified by a red
stripe on one side of the cable. This side of the cable must be con-
nected closest to pin one of both the drive and controller. Check the
controller card for a small number 1 or a square dot on the silk screen
near one edge of the connector. Pin 1 on the drive is nearest a notch
in the edge connector. Reversing the data cable can cause damage to
the drive, controller, or both. The differential line drivers on the drive
and controller are easily damaged by reversed cables. If you are not
sure which is pin 1, check the manual, don’t try to guess!

Multi Drive MFM and RLL Cabling

Three cables are required when installing two MFM or RLL drives
using one controller. Two flat 20-pin data cables and one twisted 34-
pin cable will be necessary. The 34-pin control cable should have only
the drive select and ground pins twisted (5 conductors twisted). Set
both drives to the second drive select position (this position is marked
DS1 or DS2 as described in the Drive Setup & Jumpering section).
Terminate the control cable on the last drive only.

Termination

In MFM, RLL, and ESDI installations, terminating resistors for the
control signals should be installed only in the drive located at the
physical end of the control cable. Terminating resistors should be
installed at the end of every data cable in these installations. Since
most drives come from the factory with terminators installed, you will
need to remove terminators in a dual drive installation. See the SCSI
installation section for more information on SCSI termination.
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Multi Drive ESDI Cabling

Three cables are required when installing two ESDI drives using
one controller. Two flat 20-pin data cables and one flat 34-pin cable
with two drive connectors are necessary. Set the first ESDI drive
jumpers to drive select 0. Set the second drive to drive select 1.
Terminate the control cable on the last drive only.

A flat cable is required for applications with more than two ESDI
drives. If only two drives will be installed, ESDI drives may also be
cabled with a twisted 34-pin cable in a manner identical to MFM
cabling.

Although most ESDI controllers support only two drives, the ESDI
interface provides the ability to daisy-chain up to 8 drives. If you are
installing more than two ESDI drives, use a flat 34-pin cable and set
the select jumpers sequentially. A separate 20-pin data cable is
required for each drive.

SCSI Drive Cabling

Internal SCSI drives are connected to the controller with a 50-pin
ribbon cable. Be extremely careful to observe the pin 1 location when
connecting cables to SCSI drives. Reversing SCSI cables on drives
often causes a loss of termination power which can result in marginal
data transfer or no transfer at all. Some external SCSI drives are con-
nected to the controller with a 25-pin D-type connector, others use a
50-pin Amphenol connector.

The SCSI bus must have a total of 2 terminators - no more and no
less. If you are using the controller with one internal hard disk, for
example, termination will be installed on the internal hard drive and
on the controller card. If you are installing one internal and one exter-
nal drive, the terminators must be removed from the controller card
and installed on the internal and external drives. Check the manual
included with your SCSI drives and controller board for terminator
installation and removal.

PIN 1 RED STRIPE PIN 1
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20-Pin Data Cable. 1
used for each MFM,
RLL or ESDI Hard
Drive.
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34-Pin Control Cable.
Used for single drive
MFM, RLL or ESDI
systems.

Dual Drive straight
34-Pin Control Cable.
Used for MFM, RLL,
and ESDI drives.

Dual Hard Drive
twisted (5 wires) 34-
Pin Control Cable.
Used for MFM, RLL,
and ESDI drives

Dual Floppy Drive
twisted (7 wires) 34-
Pin Cable. Used for
one or two Floppy
Drives
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DRIVE C

PIN 1 RED STRIPE PIN 1
C:DRIVE
PIN 1 PIN 1 RED STRIPE PIN 1

T

Note: When using this cable with 2 drives, one must be set to Drive Select 0

and the other for Drive Select 1 (see Table B in previous chapter).

PIN 1 PIN 1

RED STRIPE

PIN1

I

DRIVE D

Note: When using this cable with 2 drives, both drives must be set to Drive

Select 1.
PIN 1 PIN 1 RED STRIPE PIN 1
DRIVE A DRIVE B
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Note: Botb floppy drives should be set to Drive Select 1.

PIN 1 PIN 1 RED STRIPE PIN 1
40-Pin IDE cable for
one or two bard
drives
DRIVE C DRIVE D

SCSI CABLE IDENTIFICATION

MAC Style DB-25 to
Centronics Cable

Correct Enclosure
Cabling for External
Drives

Wide SCSI Cable and
Mating Connector
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SCSI-II Amp Style to
Centronics Cable

PS/2 to Centronics
SCSI Cable

Centronics to
Centronics SCSI Cable
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LOW-LEVEL FORMATTING

nlike floppy disks that are low-level formatted at the same time as
Uthey are high-level formatted, all hard disks are low-level format-
ted separately, that is because of the differences in the various types
and styles of controller cards, the encoding format, and the interleave
that can be used with a hard drive.

If you decide to use a different controller card, or to use a different
interleave on the hard disk, it may have to be low-level formatted
again. Once the low-level format is completed properly, it will not
have to be done again unless the controller card is replaced, the inter-
leave is changed, bad sectors appear, or there is a hard disk failure.
Low-level formatting destroys all the data written on the hard disk. Be
sure to back-up all data before a hard disk is low-level or high-level for-
matted.

What is DEBUG?

DEBUG is a program provided on the DOS disks (DEBUG.COM)
that is primarily used by programmers and service technicians. The
operation of DEBUG is described in detail in the DOS manual. In order
to use DEBUG for low-level formatting, only two commands are gen-
erally necessary: the G (GO) command, and the Q (QUIT) command.
In the following paragraphs, commands such as G=C800:5 will be
used to start the ROM based low-level formatting program stored on
the hard drive controller.

To start the program, insert a disk containing the DEBUG.COM pro-
gram into the floppy drive and type DEBUG at the DOS prompt. When
the DEBUG prompt (-) is displayed type G= followed by the starting
address of the ROM based program (G=C800:5) for example. This
means go to ROM address C800:5 and run the program contained in
the ROM. After the program is finished, it will usually return you to
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WARNING!

As with any low-level
Jormat, CSCFMT will
destroy all existing
data. Don’t use
CSCFMT unless you
bave a verified back-
up of all data.
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the DOS prompt (>). If the program returns you to the DEBUG
prompt () type Q to quit DEBUG and return to the DOS prompt.

What is CSCFMT?

CSCFMT is a low-level format utility supplied on the Hard Drive
Bible companion CD-ROM. CSCFMT works with most MFM,RLL, ESDI,
IDE and EIDE drives. Low-level formatting is the only way of changing
the interleave of a hard drive. CSCFMT is useful if you are installing a
hard drive for the first time, or if you need to change the interleave of
an installed drive to optimize its performance. For most common DOS
installations, CSCFMT is the only program you’ll need in addition to
DOS FDISK and FORMAT.

To low-level format, just type CSCFMT at the DOS prompt.
CSCFMT will ask for the interleave you wish to use. Check the inter-
leave information section for the optimum value for your system con-
figuration.

Choosing a Drive Type

Early IBM ATs only provided 14 (MFM) or so drive types to choose
from in the CMOS. The Middle-aged AT’s usually have up to 46 (based
on the original MFM) types. If you are installing an IDE drive and you
find a CMOS drive with a matching total drive capacity, go ahead and
use it.

Most new machines have a “User Definable” or “Custom” drive type
that can be created and saved in the CMOS, thus providing a standard
drive type. “User Definable” drive types are used in most IDE drive
installations. )

IDE Drive Types

This idea of translation schemes bring us to the AT or IDE
(Imbedded Drive Electronics) interface. These drives are intelligent in
that they will “mimic” other drive geometries that equal or are very
close to the same number of logical blocks. If a “custom” drive type
option is not available for an AT drive, simply pick one from the list of
available choices that has the same number of total megabytes.

MFM Drive Types

Unlike the newer IDE drives, MFM drive configurations must match
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the drive geometry exactly!! If the CMOS drive type table lists the
exact geometry, great. If not, then check to see if a “Custom” or “User
Definable” CMOS option is available.

The last resort is to choose a drive type match that is close but
does not exceed either the cylinder or head values. This option will
not usually provide the full formatted capacity of the drive. An exact
match in the head count is definitely preferred when getting a “close”
match. When there is no direct match in the internal drive type tables,
a partitioning program may be needed to provide a software driven
translation solution in order to achieve full capacity. Keep in mind
that the drive will format out only to the capacity of the chosen drive
type when not using third-party driver software. Also, some AT 16-bit
MFM controllers provide an onboard BIOS that will allow the unique
geometry of the drive to be dynamically configured.

RLL and ESDI Drive Types

RLL and ESDI drives are usually not represented at all in the inter-
nal drive tables, and consequently the controllers for these drives
need onboard a ROM BIOS that either contains its own internal list of
choices for the geometry or else provides the ability to dynamically
configure (define) the controller to the specific geometry of the drive.
In the case of the ESDI interface, the controller gets parameters direct-
ly from the drive with the equivalent of a SCSI "Mode Sense" com-
mand. Most RLL and ESDI controllers require that CMOS be set to
"Type 1". This setting is then overwritten by the controller BIOS after
power-up.

A special note on ESDI and other drives that have more than 1024
cylinders. Since DOS cannot access cylinders above this limit, a trans-
lation scheme may be elected in the controller’s BIOS. As the total
number of Logical Blocks Available (LBA’s) is defined as CYLIN-
DERS*HEADS*SECTORS PER TRACK, translations that equal the same
number of logical blocks with the cylinder count below the 1024 limit
will be devised. The controller BIOS will need to be ENABLED in
order to utilize translation schemes.

$CSI Drive Types

Almost all SCSI drives use DRIVE TYPE 0 or NONE, as the host
adapter BIOS and the drive communicate together to establish the
drive geometry. The SCSI controller "Scans" the SCSI bus shortly after
power-up and installs BIOS support for any attached SCSI devices.
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Formatting MFM Drives

The first step in a low-level format of an MFM drive is correct
CMOS setup. Check the drive geometry list for the heads and cylin-
ders configuration of your drive. Then check your motherboard man-
ual (or ROM based setup program) for a CMOS drive type that match-
es your drive geometry. If you find an exact match, set the CMOS to
that drive type number and skip the next paragraph.

Table Overrides

If your drive geometry does not match a CMOS drive type, you will
need to perform a CMOS type table override. Use Speedstor or Disk
Manager software to do this. These programs add a software device
driver to the drive that overrides the CMOS drive type settings on
power-up, enabling you to use a drive not listed in your setup pro-
gram.

Check the Tune-Up section for the correct default interleave for
your system, then low-level format the drive. If you have a late AMI
BIOS, you may have low-level formatting routines built in ROM. If not,
use either the setup disk that came with your computer, CSCFMT, IBM
Diagnostics, Speedstor, or Disk Manager to low-level format.

Once the drive is low-level formatted, proceed to the partitioning
and high level formatting instructions in the following sections.

Formatting RLL Drives

Most of the 16-bit and all of the 8-bit RLL controllers that we have
found have low-level formatting routines in ROM firmware on the
board. The default address segment for XT controller boards is C800
hex. To find the starting address, enter DEBUG and type U C800:3.
The jump instruction is usually found at C800:5 or C800:6. The first
two bytes of the ROM are a 55 and AA hex which identify the BIOS
ROM. The third byte represents the length of the BIOS ROM in 512
byte blocks.

To format the drive, first select the correct CMOS setup. Consult
the manual that came with your RLL controller for the correct setup
value.

After setting CMOS, proceed to the low-level format. If you have a
ROM based low-level formatting routine available, use it. Otherwise,
use CSCFMT, Speedstor, or Disk Manager. Be sure to use the /SECS:26
option if you are using Speedstor.

When formatting lower capacity (i.e. 30MB) RLL drives, be sure to
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enter the write precompensation cylinder correctly. Write precomp is
important to these drives, since RLL encoding leaves less margin for
error. Write precomp is handled automatically on almost all newer
drives.

Once the drive is low-level formatted, proceed to the partitioning
and high-level formatting procedures described in the following sec-
tions.

Formatting ESDI Drives

All of the PC-bus ESDI controllers we have come across have low-
level formatting routines in ROM firmware. The formatting proce-
dures for these drives vary from controller to controller, so the best
advice we can give you here is follow the instructions that came with
the card.

In addition to the interleave, you may be asked if you want to use
sector sparing when you format. Sector sparing reduces the number
of available sectors per track from 36 to 35 or from 54 to 53.This will
reduce the available formatted capacity of your drive. Choose sector
sparing only if your drive has a large defect map. Sector sparing will
allow the controller to remap defective sectors to the spare sector on
each track. This means that your application will “see” less defects.
Sparing will reduce the capacity of your drive by 1/36th. If your drive
has a small error map, sector sparing won’t gain you much. If you are
running an application that requires a "Defect Free" drive, enable sec-
tor sparing to "Hide" the drive's defects.

Many ESDI controllers may also ask you for head and track sector
skewing values. These values offset the position of sectors relative to
the index so that as the drive steps from track to track and changes
from head to head, the next sequential sector is immediately available.
To calculate the optimum track skewing value, divide the track-to-
track seek time of your drive by 16.6ms. Then multiply this number
by the number of sectors per track (rounding up). This will give you
the optimum track skewing value. Select 0 when asked for head skew.

You may notice that your large capacity ESDI drive contains a large
number of factory defects. Don't sweat it. These defects are mapped
by a factory analog tester that is extremely sensitive compared to your
controller. Most of these defects could never be detected using your
controller. They are usually just small analog spikes or dropouts that
are corrected by the ECC on your controller. The factory maps these
defects because they are the most likely areas to cause problems as
the drive wears over time.

Once your ESDI drive is low-level formatted, proceed to the parti-
tioning and high-level formatting procedures in the following sec-
tions.

© (SC 1996

Note:

Several SCSI drives
including some made
by Quantum will
return almost imme-
diately from a SCSI
low-level FORMAT
command. These
drives report that they
bave successfully com-
Dleted a low-level for-
mat but don’t actually
Jformat the disk. A
SCSI FORMAT (04b)
command does not
erase data on all dri-
ves. In many cases,
data written to the
disk is not erased
until it’s overwritten
with a WRITE
command.
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WARNING!

All IDE drives are
already low-level for-
matted at the factory.
Low-level formatting

an IDE drive could

erase the factory
recorded defect tables.
Defects on these drives
are usually mapped
out using a burn-in
Drocess, not through
the interface.

CAUTION!
Unless you need to
change interleaves, we
don’t recommend
reformatting older
IDE drives. Imbedded
Jactory defect maps
on older drives could
be accidentally erased
by low-level
Jormatting.
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Formatting SCSI Drives

Most SCSI controllers require that the CMOS setup on X86
machines be set for “no drive installed”. On power up, the SCSI BIOS
on the adapter card scans the SCSI bus to detect attached devices.
Once detected, these devices are added to the list of available drives.
Most SCSI controllers support up to seven SCSI devices. More than
two drives usually require a third party device driver for use with DOS
versions before 5.0.

Almost every SCSI controller includes a low-level format program
that is specific to that particular board. The low-level format routines
in programs like Speedstor and Disk Manager don’t usually work well
with SCSI controllers. This is because the controller card BIOS does
not translate an interrupt-13 format command into a SCSI format com-
mand. In this case, you’ll most likely need to use the low-level format
program that came with the card.

Once the low-level format is completed, FDISK, Speedstor, or Disk
Manager can be used for partitioning and high-level formatting.

Low Level Formatting IDE Drives

Most IDE drives operate in two modes, “native” and "translation".
To use an IDE drive in native mode, set CMOS to the actual number of
heads and cylinders on the drive, then proceed to partitioning and
high-level format.

If the IDE drive you are using has physical characteristics (i.e.
heads, cylinders, and sectors/track) that are not listed in your ROM
BIOS, and you do not have a BIOS that offers a user defined drive type,
you will need to use translation mode. Translation mode remaps the
drive’s physical characteristics into characteristics that match a com-
mon drive type. For example, most 40MB IDE drives offer a translation
mode that matches the physical characteristics of the early Seagate
251. Since this type is included in almost all ROM BIOS drive type
tables, compatibility is improved.

Most new IDE drives automatically enable translation mode based
on CMOS settings. Select a drive type that is close to but does not
exceed the megabyte capacity of the drive. The drive will translate to
the megabyte capacity you have selected. Some older type IDE drives
require a jumper. Like SCSI drives, all IDE drives are low-level format-
ted at the factory.

Once CMOS and translation mode is set correctly, FDISK,
Speedstor, or Disk Manager may be used for partitioning and high-level
formatting.
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DOS PARTITIONING

OS partitioning and high-level formatting can be tricky. This may

be done using DOS FORMAT and FDISK or using a third-party
program such as SpeedStor or Disk Manager. Although these menu dri-
ven programs are convenient, DOS and its included utilities are all
that’s necessary. It’s important to understand the following DOS par-
tition constraints before beginning.

Old DOS Limitations

Versions of MS DOS and PC DOS before 3.30 have a 32MB storage
limitation. There is no way to access over 32MB per physical drive
without a device driver, if you are using an old version of DOS. If you
are stuck with DOS 3.2 or earlier, you will need SpeedStor or Disk
Manager to fully utilize a drive larger than 32MB. The best solution is
to upgrade to 3.30 or later version.

The 32MB Barrier

Versions of MS DOS and PC DOS after 3.30 but before 4.0 have a
32MB per partition barrier. Using these DOS versions, you cannot
access more than 32MB per logical partition without using a third-
party device driver. Both Speedstor and Disk Manager provide a
device driver that can be installed in your CONFIG.SYS to bypass this
limitation. We recommend use of DOS 4.01 or later if you desire more
than 32MB per partition.

The 1024 Cylinder Barrier

All versions of DOS have a 1024 cylinder limitation. This is becom-
ing more and more of a problem as larger capacity drives are intro-
duced with more cylinders. To access more than 1024 cylinders, you

© CSC 1996 Hard Drive Bible 75



Corporate Systems Center (408) 743-8787

76 Hard Drive Bible

will need a device driver or a controller card that offers a "translate
mode". Some ESDI and most SCSI controllers (like the CSC
FlashCache™64) offer translation mode.

Controllers that feature a translation mode will logically remap a
drive's physical parameters so that the system "sees " less cylinders
and more heads or sectors per track. For example, an ESDI drive with
1224 cylinders, 15 heads, and 36 sectors per track might be mapped
into a configuration of 612 cylinders, 30 heads, and 36 sectors per
track. The physical configuration of the drive will remain the same,
but the controller card will remap the drive so that DOS will recog-
nize the entire disk.

Translation mode is usually enabled during the low-level format
procedure. If your controller does not support translation mode, the
only way to bypass the 1024 cylinder limitation is with a device dri-
ver.

Once you have decided how you want to partition the drive, use
either Speedstor, Disk Manager, or FDISK to do the work for you.
Divide the disk into as many partitions as you desire. After you have
set the partitions, you will have to reboot the system before any parti-
tion changes are recognized. Be sure to mark the partition you want
to boot from as the ACTIVE partition. Then proceed to the high-level
format procedure described in this section.

Partition Compatibility

All versions of DOS 6.x and later have the ability to access parti-
tions created under older versions of DOS. Most, but not all, older ver-
sions of DOS will access partitions created under newer DOS versions.
For example, a system booted under DOS 3.3 will recognize a hard
drive partition created under DOS 3.2, but not an extended partition
created under DOS 4.0. If you're partitioning a drive with a later ver-
sions of DOS and using partitions larger than 32MB in size, be aware
that you are limiting your compatibility with earlier versions of DOS.
If you plan to reformat a drive originally formatted with a late version
of DOS, you must use the later version of DOS FDISK to erase the
existing partition.

The 2000MB Partition Limit

DOS 6.X is currently limited to 2000MB per partition. In most
cases, this is an adequate partition size. Although software is available
to bypass this limitation, I don’t recommend using it. If you can’t par-
tition your data to fit in 2GB partitions, the best solution is another
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operating system with a high performance file system like OS/2™ or
Windows NT™. As partition sizes increase, the efficiency of DOS
decreases. DOS cluster sizes are typically 8K or more in large parti-
tions. Since the minimum allocation size for each file is one cluster,
even small files (i.e. 1K) will require 8K of disk space per file. If you
have many small files, switching to a smaller partition that decreases
your cluster size will improve efficiency.

DOS Format

DOS format (or high-level format) is simple. Use the DOS format
program with the /S option or use FORMAT and SYS C: to initialize
your bootable partition. If you are using a device driver, install it next
and reboot the system before formatting any remaining partitions. You
may also use Speedstor or Disk Manager for high-level formatting. Be
sure to copy COMMAND.COM and invoke SYS C: to copy the DOS sys-
tem to the active partition after using these programs.

Congratulations! You are now ready to run. Proceed to the tune-
up section for tips on optimizing your software setup.
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MACINTOSH DRIVE INSTALLATION

o hard drive technical manual would be complete without
Ninstructions for drive installation on the Apple Macintosh™. The
Mac is the computer which popularized the SCSI standard. Every Mac
since the Plus, introduced in 1984, has a built-in SCSI controller on the
motherboard. This makes installing internal and external SCSI devices
relatively easy, providing that you pay proper attention to cabling, ter-
mination, SCSI ID, and driver software installation.

As stated in the previous chapters, the SCSI bus utilizes “Daisy
Chain” cabling with dual-ended termination. This means that each
device must be connected in series with either a continuous ribbon
cable or a series of external SCSI cables, with proper termination at
both ends of the chain.

All Macintoshes use a standard DB-25 connector as the external
SCSI port. Most computer stores carry a variety of cables which will
connect your Mac to Centronics 50-pin or other industry standard
SCSI connectors. If you are unable to locate the cable or terminators
you need, CSC carries a comprehensive line of SCSI accessories at rea-
sonable prices. We recommend that you do not use “T” type cables, as
they can cause line noise and ringing which result in unreliable oper-
ation.

Correct termination is critical for any SCSI device installation.
Every SCSI “Daisy Chain” must have a total of two terminating resis-
tors, no more and no less. The first terminator is on the internal drive
inside the Mac case. Do not remove the internal terminator for any rea-
son. When upgrading the internal drive always make sure that the
replacement device is terminated. If you are adding extra internal
devices, you will need to remove all terminators from them, except
from the last physical device. If you are adding extra external devices,
only the internal drive and final device should be terminated.
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The Macintosh CPU is always at SCSI ID number 7 and the internal
boot drive should always be set to ID number O for reliable operation.
Any other external or internal SCSI devices can be set to any other ID
numbers, 1 through 6, as long as the number is not duplicated any-
where else on the SCSI chain. Duplicate SCSI ID numbers will cause
a Mac to hang on startup. External devices should have a SCSI ID
switch somewhere on the outside of the case to set the ID number.
Internal devices will have their SCSI ID number set by removing or
moving the ID jumpers on the device itself. The jumper settings for
most SCSI devices are given in following chapters.

All external SCSI devices attached to the Mac must be powered up
before your Macintosh is switched on. Allow the external hard drives
enough time to spin-up, and then turn on the Mac. External devices
which are attached but not powered up or are started after the Mac
can cause the SCSI bus to hang, preventing drive operation, causing
unreliable data transfers and “Bombs” to occur.

If you intend to boot from a new hard drive, it is imperative that
you install your personal version of the system folder to maintain com-
patibility and functionality with your existing software. It is vitally
important that ONE and only ONE version of the System File is
installed on the boot drive. It is possible to have different System
Folder on different drives, and then boot from them by choosing
which drive is the Start Up Drive in the Startup Disk Control Panel, if
you so desire. However, DO NOT have more than one System Folder
on any Start Up Drive. It will cause erratic computer behavior, random
crashes, “System Bombs” and other problems, if you can get it to start
up at all.

There are several ways to replace the internal Start Up drive on the
Macintosh. The best way we have found is the following, which
assumes that you have had your Mac apart in the past. If you are not
familiar with or are uncomfortable with putting hardware into your
Mac, there are many comprehensive and more specific books you can
refer to, or you can have an authorized technician install the device.

You will need: the appropriate hand tools to open your specific
Mac case, a Phillips screwdriver, a “Y” power connector, and a three
connector SCSI ribbon cable, in addition to the new drive.

1. Clean up the existing drive. Put all those loose documents in
folders, like you always meant to do, toss those games you
haven’t played in 5 years, and take a look at all those files
labeled “stuff”.

2. Optimize the drive. There are several good defragmenting and
optimizing utilities available on the market. You should also get
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third party formatting software with the package. Find one and
use it. You'll be amazed at how fast your old drive just became.
Shut everything off, but do not unplug the Mac.

4. Open the case and touch the power supply case. This grounds

b

any static electricity.

5. Replace the power connector and the SCSI ribbon on the drive
with the “Y” power connector and the three connector SCSI ribbon
cable.

6. Set the replacement drive to any SCSI ID except 0 or 7, using
the SCSI ID jumpers. Make sure that the drive is terminated as
well. Then connect it to the power and ribbon cables.

7. Place it somewhere where the PCB cannot ground out. We pre
fer a suitably sized piece of cardboard on top of the existing
drive. In any case, make sure that it will not short anything out

or fall.
8. Restart. Note:
9. Format, initialize, and partition the new drive using the third If you make
party driver software you installed earlier. the partitions under
10.The new partition(s) will now be on the desktop. 500MB each, the drive
11.Open the old internal drive. Press “Command-A” to select all of will run faster and
its contents. the minimum file
12. Drag to the new drive to copy all, then close all when done. sizes will be smaller.

13.Using the Startup Disk Control Panel on the existing drive,
change it to the new drive and restart to check that the instal
lation went as planned.

14. After everything is confirmed, shutdown. Remove the old
drive. Set the SCSI ID of the new drive to 0, and install it in the
internal bay using the original power connector and SCSI rib
bon cable.

15. Reassemble your Mac, and you’re done.

Installing an external SCSI device is much simpler. You will need
to obtain the correct external SCSI cable, usually a DB-25 to
Centronics 50-pin, a terminator and some version of the aforemen-
tioned third party formatting software. The Apple Hard Drive Toolkit
included on the Apple Macintosh System Disks may not work on hard
disk drives without Apple firmware.

1. Once again, shut everything off. NEVER install or remove any

device while power is on!

2. Connect the external device(s) with the appropriate SCSI

cable(s).

3. Check that there are no duplicate SCSI IDs.
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Note #7:

If you make the parti-
tions under 500MB
each, the drive will
run faster and the
minimum file sizes

will be smaller.

Note #8:

All new partitions will
bave individual icons
on your desktop. It is
Dpossible to bave only

one bard drive
installed and bave a
desktop full of parti-
tion icons, which for
all intents and pur-
poses look just like
bard drive icons. It is
advisable to change
the names and icons
of the individual par-
titions, if for no otber
reason than that it
makes it far easier to
tell them apart.
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4. Confirm that the last device and only the last device has been

terminated.

5. Power-up all external SCSI devices and allow them time to spin-
up.

6. Switch on your Mac, and launch the third party formatting soft
ware.

7. Format, initialize, and partition the new drive using the
third party driver software you installed earlier. See note to
left.

8. The new partition(s) will now be on the desktop. See note.

It is very important that all of the SCSI hard drives in your Mac
SCSI chain have been formatted with the same third party software
and are running the same SCSI driver. We often see a multiple hard
drive Mac system suddenly report “THIS DISK IS UNREADABLE,
WOULD YOU LIKE TO INITIALIZE?”. This is most often caused by a
SCSI driver conflict, in which two or more drives were formatted with
different software. While most of the better third party software pack-
ages do offer “work arounds” for this situation, it is preferable that all
of the devices be formatted with identical software. Even different
versions of the same formatting software can and will cause conflicts.
Virtually all of the SCSI device installation problems which we
encounter in Mac systems stem from cabling, termination, or SCSI ID
errors. First of all, make absolutely sure of all cables and their orien-
tation. Cables should fit tightly, but never be forced, and all securing
clips should snap in to place. There must be two and only two termi-
nators, one on the internal drive and one on the last physical device
on the SCSI chain. No SCSI ID number can ever be duplicated on the
chain. Please note that the physical placement of a device and its SCSI
ID are NOT the same. It is very likely that a device can be set to the
SCSI ID of 2, for example, and be the final physical device of four
external SCSI devices on the SCSI chain.
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WINDOWS DRIVE FORMATTING

Windows ‘95 Disk Format

indows ‘95 uses a standard DOS compatible File Allocation Table

(FAT) type disk format. Windows ‘95 also keeps a reserved area
of the disk available for long file name support. The first character of
the DOS file name is changed in the directory to indicate that a long
file name exists for each file.

Windows ‘95 should install easily on any preformatted BIOS sup-
ported drive. DOS FDISK and FORMAT will still work. Some work will
be necessary to save the long file name attributes should you decide
to repartition your drive. It’s a good idea to back things up before
upgrading to ‘95.

Windows ‘95 Enhanced IDE Support

Windows ‘95 supports IDE drives over 540MB (and 1024 cylinders)
using one of four methods:

1. ROM BIOS support using 28 bit LBA addressing

This is the most common means of support. Things will work
“transparently” if your motherboard BIOS supports LBA addressing
and is properly configured. Newer Intel built PCI motherboards are an
example.

2. Hard Disk BIOS support
If you have an “Enhanced IDE” controller with a BIOS,Windows ‘95
will support large drives through Int-13h.
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3. Truncation

This is a last resort. The capacity of your drive will be limited to
540MB, and only the first 1024 cylinders will work. In upgrading some
older machines without EIDE support, truncation may be your only
choice.

4. Real-Mode Geometry Support

This mode adds compatibility but sacrifices speed. You won’t get
true 32-bit driver support, and the Windows ‘95 protected mode disk
driver (called ESDI_503.PDR) won’t work. A slower choice,but if
options #1 and #2 don’t work, it’s the only way to get the full capaci-
ty of a drive over 540MB.

Windows “95 SCSI Support through Int-13

Yes, your Windows ‘95 system can use SCSI hard drives and remov-
able drives without 32 bit drivers. Things will work properly using
Real-Mode Geometry support. Depending on the performance of your
controller, you may still get acceptable performance levels. This is the
trick to making older non-ASPI SCSI cards run under ‘95.

Windows “95 SCSI Support through ASPI

Many earlier SCSI cards include ASPI drivers but not Miniport dri-
vers. For these cards, Microsoft provides a “DOS Compatibility Mode”.
Since CD-ROM’s aren’t normally supported through interrupt-13,
Windows ‘95 switches into “real” mode and passes commands to these
devices through a DOS ASPI manager. The frequent switches between
“real” and “protected” modes tend to slow the system down.

This is the second level of compatibility and performance. It’s
faster than the Int-13 interface described above, but slower than the
Miniport driver explained below. If you own an early model controller
which doesn’t have Windows ‘95 32 bit miniport driver support, con-
sider upgrading to a newer PCI controller which does. An example is
the CSC Universal PCI Wide/Narrow Card.

Windows “95 and NT SCSI Miniport Drivers

For top SCSI performance, your controller needs a Windows ‘95
“Miniport” driver. This driver passes packets of commands and data
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between the Windows ‘95 operating system and your SCSI controller
hardware. Using a miniport driver provides true 32 bit performance.
Using a miniport driver also helps free the system to “disconnect”,
“multitask”, and complete other operations during the time that SCSI
devices are accessed.

In some ways, a miniport driver is simpler than an ASPI driver.
When a miniport driver is installed, the operating system becomes
responsible for composing SCSI command packets. These packets are
standardized and easy to create for devices for hard drives. But
devices like CD-ROM changers, jukeboxes, and SCSI tape drives use
“vendor unique” commands which vary from one device to another.
This shifts the burden of compatibility from the driver to the operat-
ing system. So even if your miniport based system won’t work with
one SCSI application, it may work with others. Take Microsoft Backup
as an example. Backup has limited compatibility with SCSI devices.
Other tape backup programs such as FastCache backup work fine
with devices like Digital Linear Tape (DLT) drives. Both programs pass
commands through the same miniport driver “socket”. But Backup
has a limited number of supported devices.

Windows ‘95 and Windows NT miniport sockets are very similar in
nature. Unfortunately, due to operating system differences, most ‘95
and NT SCSI software isn’t compatible. Don’t assume that a SCSI pro-
gram written to work under ‘95 will operate when you upgrade to NT.

Disk Manager and Windows “95

Using both Disk Manager and Windows ‘95 can be opening a can
of worms. Make sure you have the latest version (7.0 or later) of Disk
Manager before you even attempt it. Disk Manager modifies the MBR
(Master Boot Record) of your hard disk. It uses a small program locat-
ed in the MBR to trap disk calls made through Interrupt 13h. Virus
detection programs have been known to mistakenly identify the Disk
Manager code stored in the MBR as a virus. If the Disk Manager code
is accidentally removed by a virus checker, you’ll need to reinstall it.

Windows ‘95 is smart enough to recognize Disk Manager, and will
work with it. Make sure the Disk Manager file “XBIOS.OVL” is located
in the root directory of your boot drive before loading Windows ‘95.
The file “DMDRVR.BIN” should be loaded before any other files in your
CONFIG.SYS that access the disk.
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Getting 32 bit Disk Access from Win 3.1

Windows 3.1 has a 32 bit disk access driver called WDCTRL. It
offers a small performance improvement in systems that have AT com-
patible disks. As the name implies, it works only with devices that are
compatible with the Wester Digital Controller used in the original IBM
AT. Fortunately, compatible devices include most IDE and EIDE drives,
as well as MFM, RLL, and ESDI devices. If WDCTRL won’t work in your
system, you’ll know right away. If the drive and controller you’re using
doesn’t fully comply to the IBM task file specifications, WDCTRL sim-
ply won’t load. If the drive and controller are partially compatible,
the system will lock up hard when the driver loads. WDCTRL is not
compatible with SCSI controllers, of course.

To enable the 32 bit driver under Win 3.1, add the following lines
under the [386Enh] section of yoﬁr Windows SYSTEM.INI file:

device=*int13
device=*wdctrl

You can turn 32 bit access of in the system control panel or by
placing a semicolon “;” before each of these lines to “comment them
out”.

SMARTDrive 32 bit Disk Access

Windows ‘95 contains it’s own internal software disk cache archi-
tecture. The Windows ‘95 cache is also automatically configured, so
you can skip this section if you're using Windows ‘95.

SMARTDrive is a 32 bit cache program that runs under Windows
386 enhanced mode. It has the ability to “double buffer” data stores
frequently used data in system memory for faster access. SMARTDrive
integrates well with Windows, and dynamically allocates memory as it
is needed. This feature lets Windows use your EMS memory when the
cache doesn’t need it.

SMARTDrive Write Caching

Earlier versions of SMARTDrive (before version 4.0) only cached
read data. Versions 4.0 and later can cache both reads and writes.
Caching write data is commonly called “write-behind caching” or “lazy
writes”. Caching write data definitely improves performance and
reduces the overall number of seeks, but it can be dangerous. Since
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data is written first to memory, not to disk, your data could be lost if a
system interruption were to occur.

Enabling write cache will cause loss of data should a system crash
or power interruption occur. SMARTDrive has built-in safety features
that check for CTRL-ALT-DEL resets and “old” data in cache. Another
safety feature flushes the SMARTDrive cache after five seconds. If the
system doesn’t crash hard enough to interrupt SMARTDrive’s internal
timer interrupt, these safety features will save your data.

To enable SMARTDrive Write caching, put a plus sign after the
drive letter you wish to cache. For example,

SMARTDRY D+ /E:2048
will enable write cache on drive E: with an element size of 2048. The

element size specifies the number of bytes to be moved at one time.
For more options, type SMARTDRYV /?.
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NOVELL COMPSURF

ovell’s COMPSUREF program is a tricky beast. It is one of the most
N rigorous and intensive test programs available. It’s also a neces-
sary prerequisite to installing some versions of Novell Netware on a
hard drive. Compsurf was first written in 1984 when large capacity
drives were not as reliable as they are today. It uses an intensive ran-
dom and sequential read/write test to certify the drive. Compsurf
takes around one hour per 20MB of disk space to run. After testing,
Compsurf partitions the drive for use with Novell, and writes a defect
table to the drive.

Before running COMPSURE make sure you have all the necessary
software drivers. ELS level I or level II Netware is designed to support
IDE compatible drives only. ELS Compsurf will only work with IDE,
MFM, RLL, or ESDI controllers that bear a close resemblance to the
original IBM-AT MFM controller.
Advanced 286, SFT 286, or Netware 386, you have more options.
Drivers for SCSI, ESDI, and SMD controllers are available for these ver-

If you are running Netware Lite,

sions of Netware. To use a Netware driver, you must follow the
Netware installation instructions to the letter, and link the device dri-
ver with Compsurf. This will create a custom formatting and testing
program that will operate with your controller.

If you are running a SCSI drive with Compsurf, be sure to answer
NO when Compsurf asks if you wish to format the drive. Use the low-
level formatting program provided with the controller card instead.
Compsurf can’t format SCSI drives because the SCSI interface only
supports a ‘FORMAT DRIVE’ command, and the ‘FORMAT TRACK’ com-
mand is normally ignored by SCSI controllers.

Many newer controllers offer a “watered down” version of
Compsurf in ROM BIOS. We have yet to find a controller card BIOS
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Note:

When running
Compsurf on SCSI dri-
ves, be sure to low-level
Jormat the drive first,
then answer NO to the

Jollowing prompts:

FORMAT THE DRIVE:
NO (enter)
MAINTAIN DEFECT
LIST:

NO (enter)
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that tests as well as the real Compsurf. Our feelings are that the relia-
bility demands of most network users justify the time it takes to run
the real Compsurf.

To save time and effort, it’s a good idea to ask your drive dealer if
he can Compsurf your drive for you. If he’s reputable and confident
in his product, this service should be available at no extra charge.

Whatever you do, choose a well built, heavy duty hard drive for
your fileserver. Novell applications are extremely disk intensive and
demand a reliable disk.
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HARDWARE COMPATABILITY
PROBLEMS

nfortunately, not all controller cards are compatible with all com-
Uputers and not all disk drives work with all controller cards.

Some of the major hardware compatibility problems we have come
across are listed below.

SCSI Arbitration on Bus Scan

On power-up, a SCSI controller communicates with the attached
devices to determine if the device is operating in synchronous or
asynchronous mode. Many SCSI controllers do not perform this arbi-
tration process correctly. This failure usually causes the system to
hang. The solution is an upgraded controller BIOS or a different con-
troller/drive combination.

SCSI Command Set Issves

SCSI command set problems occur because SCSI commands differ
among device manufacturers. These problems can usually be resolved
with a firmware upgrade on the SCSI device or controller. Be sure to
check for command set compatibility before purchasing any SCSI
devices.

In some cases, after market products are available to relieve SCSI
compatibility problems. My personal favorites for the Apple
Macintosh include FWB’s Silverlining and Spot On. Corel makes an
excellent set of SCSI disk drivers for ASPI compliant PC controllers.
Storage Dimension’s Speedstor is a great integration program for Sun
platforms.
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ISA Bus 1/0 Channel Ready Timing

Slow devices connected to the AT bus must assert a signal called
I/0 CHANNEL READY to force the motherboard to wait for data. Many
faster motherboards do not conform to the original IBM AT bus timing
specs. Because they don'’t,a controller card requesting a wait state delay
using this line may not operate correctly. If you have a Chips &
Technology based motherboard, this can be corrected by adding a bus
wait state using extended setup. Otherwise the only solution is a new
controller card.

ISA Bus 16-Bit Memory Transfers

This problem often occurs in older motherboards that use discrete
chip sets. On the AT bus, a signal called MEM16 must be asserted by the
bus devices in order to initiate a 16-bit data transfer. This signal must be
available almost immediately, or the system may default to 8-bit transfer.
Many of the cheaper clone motherboards do not provide valid address sig-
nals in time to decode this signal. If the address signals are not present-
ed in time, it is impossible to perform a 16-bit transfer. This causes prob-
lems with many 16-bit cards that use memory mapped I/O, such as the
WD7000 and DTC3280 SCSI controllers. Older DTK motherboards are
notorious in this regard. The solution is to switch to an 8-bit card and suf-
fer a slight loss of performance. If this is not acceptable, the only solution
is upgrading to a higher quality motherboard.

ESDI Defect Tables

Many older style controller cards have problems reading the defect
tables from some ESDI drives. This is due to the way the defect table is
recorded on the drive. The solution is upgrading to a newer style card or
rewriting the defect table using a factory analog type drive tester.

VESA VL-Bus Loading Problems

The VESA VL-Bus specification supports two cards at a 33MHz bus
speed, and only one card at 40MHz or 50MHz bus speeds. Depending on
the quality of their design and construction, some motherboards may
exceed these specifications. There’s really no way to correct a VESA bus
loading problem other than lowering the bus speed or removing one
card. A clock doubling CPU (i.e. the Intel 486DX2-66) may be the solution
in some cases.
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IDE Drive Master/Slave Compatibility

HOT TiP
When mixing different manufacturers of IDE drives on the same L

cable, compatibility problems may occur. This is caused by timing incom-
patibilities and because some drives use IDE pins for different purposes
(i.e. spindle sync). If you encounter a dual drive IDE situation where only
one drive works, try reversing the Master/Slave jumpers on both drives to
switch their positions in the system.
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COMMON INSTALLATION PROBLEMS

he common installation problems below account for 90% of the
technical support calls at CSC. Steer clear of trouble by learning
about these issues.

Handle Hard Drives Like Eggs!

Hard drives are extremely fragile. Dropping, bumping, or jarring
a hard drive can cause permanent damage. Always use a manufac-
turer approved shipping carton if you need to transport the drive
outside of the system. Never transport an optical drive with the
media inserted. Rough handling accounts for more drive failures
than all other factors combined.

Reversed Cables!

Most drive cables are not keyed - they can easily be installed
backwards. Reversed cables account for a large number of hard
drive electronic failures.

Reversing a SCSI cable will cause the terminator power line to be
grounded. This usually blows a fuse or fusable link on either the
drive or controller. Without terminator power, SCSI data transfer will
be unreliable. Make certain all cables are oriented correctly before
applying power. If you reverse a SCSI cable, you may need to replace
the fuse, or return the drive for service. Line drivers on either the
controller, drive, or both can easily be damaged if cables are
reversed. If you are unsure, don’t guess - check the documentation
or call the manufacturer!

Twisted Cables

Refer to the Drive Cabling section to ensure the proper twisted
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cable is used when installing multiple Floppy, MFM, RLL, or ESDI drives.

C(MOS Setup

Be sure to read the chapter that describes the differences between
physical and translated IDE parameters. You must to set CMOS to the
translated parameters.

Most ESDI drives use an IBM standard type 1 CMOS setup. This cor-
responds to a standard 10MB drive. Upon power-up, the BIOS on the
ESDI card overrides this drive type. Most SCSI controllers operate
with CMOS set to 0 (no drive installed). Double check your controller
manual for the correct CMOS setup value. Programs that use drive
table overrides for MFM and RLL drives normally use the closest match
in the ROM type table with an identical number of heads.

Hardware Conflicts

Hardware conflicts can occur if the controller card conflicts with
the interrupt, DMA, I/O address or ROM address of other cards in the
system. These conflicts are often difficult to debug. To be sure, check
the manuals for ALL of the other boards installed in the system before
jumpering the controller card.

Defect Locking

It’s important to enter and lock the defect table on all MFM, RLL,
and ESDI drives. If these defects are not entered, long term reliability
will suffer. IDE and SCSI drives automatically lock out drive defects.

ISA Bus Extended Setup

Be sure to set the following extended setup parameters per your
controller card manufacturer’s recommendation:

BUS CLOCK SPEED
- Usually 8-12 MHz.

16-BIT BUS WAIT STATES
- Usually 1 or 2 wait states.

AT CLOCK STRETCH
- Usually enabled.

Improper extended setup settings may cause erratic controller
operation.
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Keep Optical Drives Clean and Cool

Optical drives must be kept clean, cool and dust free for reliable
long term operation. If an optical drive is installed without a proper
flow of cool, clean air, long term reliability will suffer. When internal
optics become contaminated by dust, error rates rise significantly.
When temperatures increase, M/O drives will not operate reliably.
Most “clone” cases do not provide a proper environment for optical
drives. Most optical drives work best installed in external enclosures
with proper fans and filters. Clean fan filters regularly. Use cleaning
disks regularly on CD-ROM drives. Purchase a cleaning kit for your
erasable media.

SCSI Parity Jumpers

Most SCSI drives are shipped from the factory with parity enabled.
PC applications sometimes require that parity be disabled by moving
a jumper.

SCSI ID and Termination

95% or the problems we have seen with SCSI installations are due
to improper ID settings and termination errors. Please read the sec-
tion on SCSI cabling instructions and the termination and ID warnings
before installing your SCSI peripherals. All SCSI installations require a
total of two terminators - no more and no less. This includes the ter-
minators that may be installed on the controller card or host adapter.
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TROUBLESHOOTING

he following paragraphs list some of the more common problems

encountered in drive installation. They are intended for quick
troubleshooting reference. If you are receiving an unfamiliar error
message, check the Common Error Messages listings later in this chap-
ter.

Bus Mastering Compatibility

Bus Mastering cards usually have jumpers for DMA channels, hard-
ware interrupt levels, and bus on/off time. Check these jumpers first
when installing a bus mastering controller. As described in the instal-
lation section, each controller must have its own interrupt level and
DMA channel. If you intend to use DOS programs like Windows ‘95
that use the protected mode of the 386/486/Pentium processor with
a bus mastering card, you will need a software driver.

Even when they are correctly installed, bus mastering controllers
sometimes experience motherboard hardware compatibility prob-
lems. If you have trouble getting a bus mastering controller to run
with your motherboard, ask the controller manufacturer if your moth-
erboard has been approved for compatibility.

CMOS Drive Type Tables

Matching CMOS tables for IDE Drives

If you are having problems installing a drive that is not listed in
your CMOS drive type table, remember that the CMOS type does not
need to exactly match the physical parameters of the drive. Modern
IDE drives automatically ‘translate’ to match the physical parameters
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of the drive to match the logical parameters you select in CMOS.
That’s why there are two sets of parameters listed in the drive para-
meters section. Selecting any CMOS drive type that has an identical or
lesser formatted capacity than the capacity of the drive will work. IDE
translation modes are also used to bypass the DOS 1024 cylinder lim-
itation (see the IDE installation section for more information). If you
are installing a high capacity IDE drive in an older system that doesn’t
have any high capacity drives listed in the CMOS type table, programs
like SpeedStor or Disk Manager can be used to override the CMOS
table.

ESDI and SCSI Controller Drive Types

All PC SCSI controllers require that CMOS be set to NO DRIVES
installed. The only exception to this rule is if an IDE, MFM, or ESDI
drive is installed and coexists in the same system as the SCSI con-
troller. If this is the case, set CMOS to the drive type used by the IDE,
MFM, or ESDI drive only. Leave additional drive types set to "not
installed". SCSI controllers interrogate the SCSI bus and add drive
types when the system is first powered up.

Nearly all ESDI controllers require that CMOS be set to ‘type 1°.
These ESDI cards use an on board BIOS which automatically overrides
the CMOS setting on power-up. The few ESDI controllers that don’t
use a BIOS ROM require that the CMOS type exactly match the physi-
cal parameters of the drive. These cards can only be used in systems
that have a ‘type 47’ or user-definable CMOS table or in conjunction
with a program like SpeedStor or DiskManager.

Compsurf Failure

Early versions of Novell Netware build the file server operating sys-
tem during installation by linking a series of object files together to
form the Netware ‘kernel’. Most installation problems with Netware
result from incorrectly installed drivers. The Netware installation
process is detailed and complicated. Follow the installation instruc-
tions exactly to avoid link problems.

If you are running IDE drives with early versions of Netware, be
sure to enable translation to keep the logical number of cylinders
below 1024. Early versions of Novell will truncate any additional
cylinders.
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Watch for potential conflicts between interrupts. Most SCSI cards
use IRQ14 or IRQ15, and several network cards use them as well.
Under Novell, each card must have its own interrupt level. DOS does
not require interrupts, and many SCSI cards do not provide them in
the default configurations. If your SCSI controller works under DOS,
but not Netware, check the interrupts.

In Netware 386, the drivers are composed of ‘NLM’s’ or Netware
Loadable Modules. NLM’s are loaded after the file server is up and run-
ning. If a driver is not properly configured for Netware 386, the file
server will often ‘lock up’ when the driver is loaded. If this happens,
check the software installation and make sure the driver configuration
matches your hardware.

DOS Partitioning

The 1024 cylinder barrier is the most common cause of DOS par-
titioning problems. Most versions of DOS only support 1024 cylin-
ders. To keep the number of cylinders seen by DOS under 1024, do
one of the following:

If you are using an IDE drive, enable translation and increase the
number of heads of sectors per track to reduce the cylinder count.

If you are using an ESDI drive, enable the “63 sector” or “head map-
ping” mode to enable controller translation.

If you don’t have translation available, the only way to access cylin-
ders above 1024 is by making a boot partition within the first 1024
cylinders, and loading an extended partition driver from within the
boot partition.

The 32 Megabyte partition barrier can also be a problem with old
versions of DOS. Versions of MS-DOS earlier than 3.3 and Compaq
DOS earlier than 3.21 lack the ability to access partitions larger than
32 megabytes. Upgrade to a later version of DOS if you encounter
this.

DOS and Windows ‘95 2.0GB Limit

Yes, there is a partition size limit under DOS and indow ‘95W. It is
2048MB per partition. If this becomes an issue, consider a different
operating system like Windows NT™ or OS/2’s high performance file
system. Although DOS could theoretically be made to work on larger
drives, it’s not a great idea. The efficiency of DOS and Windows ‘95
when storing small files on large drives is poor because the DOS clus-
ter size increases as drive’s capacity increases.
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Drive Selects

Many manufacturers label the drive select jumpers on drives like
this: 0,1,2,3. Others label the same select jumpers 1,2,3,4. The cor-
rect jumper depends on the position of the drive in the system, the
type of cable you are using, and the way the jumpers are labeled. See
the Installation section for more details.

Drive Won’t Spin

This is frequently caused by reversed cables in SCSI and IDE instal-
lations. Check pin 1 orientation and don’t forget to plug a system
power cable into the drive! “No-spins” are also often caused by a
power problem (see below).

ED Floppy Support

Most existing PC controllers do not yet support the new IBM stan-
dard 2.88MB floppy drives. Although many manufacturers advertise
the floppy controller section of their boards as “supports 1MHz data
rate”, the new 2.88 drives use perpendicular recording that requires
special write gate timing. Many controllers that support 1MHz data
transfer rates only operate at the higher rate with “floppy tape” drives.
If you are having problems with an ED drive with a “1MHz” floppy
controller, consult the controller manufacturer to make sure the board
you have is 2.88 compatible.

ESDI Sector Sparing

Many ESDI controllers offer optional “sector sparing”. Sector spar-
ing should be enabled if the drive has any significant number of
defects or if the operating system you are using can not tolerate
defects. Sector sparing reduces the formatted capacity of the drive
slightly but increases the overall reliability significantly. When sector
sparing is enabled, the controller can reallocate defects “on the fly”.
Use sector sparing when ever possible.

IDE Cabling

Since IDE cables carry data at full motherboard bus bandwidth,
they must be kept as short as possible. Cables over 18" can cause
problems in most installations. The shorter the better.
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IDE Master/Slave

Unfortunately, not all IDE drives are created equally. Many IDE dri-
ves will not peacefully coexist in the Master/Slave configuration with
drives from other manufacturers. See the hardware compatibility sec-
tion for advice.

Incorrect Drive Parameters

If you are having problems with an IDE, EIDE, SCSI or ESDI drive
installation, make sure that the CMOS settings exactly match your
drive’s physical or logical parameters. Some ESDI controllers reserve
one cylinder of the drive for storing configuration information.

Interrupts and DMA Channels

Most controllers running under DOS do not require interrupts. All
UNIX and Novell applications require controller interrupts for accept-
able performance. If you suspect an interrupt or DMA channel con-
flict, check the hardware reference manuals for your installed hard-
ware. The most common controller conflicts seem to be with network
cards and scanner interface boards.

Long Boot Time

Most SCSI controllers must scan the bus and “interrogate” each SCSI
device before booting. This process is long and tedious but occurs
only on initial power-up or hardware reset. There is really no way
around this with most controllers.

Long Format Time

Depending on the drive and system, a high level format may take
up to 15 seconds per cylinder. When the drive steps between cylin-
ders, an audible “click” can usually be heard. If the drive is stepping,
be patient and wait for the format to complete. If you are attempting
to format an MFM, RLL, or ESDI drive and the drive isn’t stepping,
check for a reversed 20 pin cable.

Multiple Drive Support Under DOS

Most controllers support only 2 hard drives under DOS. To sup-
port additional drives, a software driver is required. If a driver for
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more drives exists, it is normally only available from the controller
manufacturer. An exception to this are CSC’s AK-47 and FC-64 boards
that support 7 SCSI and 4 floppy drives without any drivers.

No BIOS Sign-On Banner

This is one of the most common installation problems. Check to
see that your controller card BIOS does not overlap the memory areas
used by other cards. In particular, watch for VGA and network cards.
If you still don’t get a banner, check extended setup and make sure
that the shadow RAM is disabled in the address range occupied by the
controller BIOS.

Partition Can’t Be Removed

If a drive is formatted with a ‘non-dos’ partition, FDISK will not
delete it. The only solution is to erase the partition sector with a sec-
tor editor or low-level format. Older versions of DOS (i.e. 3.3) will not
delete the larger partitions used by newer versions of DOS (i.e. 6.0).
Later versions of DOS (i.e. DOS 6.0) will delete partitions created in
earlier (i.e. DOS 3.3) versions of DOS. If a low level format is not in
order, a program called “Zapdisk” is available from the CSC BBS at
(408)541-8455 or www.corpsys.com to correct this. Zapdisk will
remove all partition information without reformatting the entire drive.

Power Supply

Power supply problems frequently crop up in new drive installa-
tions. Most hard disk drives require 5 volts + 5% and 12 volts + 5% at
the drive connector. The power supplied to the drive must be clean
and well regulated. All modern hard drives include circuitry which
monitors the power supply voltages and shuts down the write cir-
cuitry if the input power is too far out of range. Many drives won’t
even spin up if the power supply is too far off. If you suspect a power
supply problem, check the voltages at the drive power supply con-
nector while the drive spins up to speed and seeks.

SCSI Cabling

SCSI cables MUST be shielded for reliable operation. Many newer
SCSI cables have individually twisted pairs for each signal line. If you
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can afford it, buy the better quality twisted pair variety. Avoid com-
pletely unshielded SCSI cables at any cost.

SCSIID’s

Each device installed on the SCSI bus must have a unique and sep-
arate ID number. Most SCSI controllers use ID #7, leaving the ID num-
bers between 0 and 6 available for disk drives. For reasons unknown,
some PC based tape drive software requires ID#7. If you have multi-
ple DASD drives installed, most PC controllers will scan and boot from
the lowest SCSI ID number. Exceptions to this are the Adaptec 1540
series which only boots from ID#0 and the CSC FlashCache™64
which can be programmed to boot from any device.

SCSI Termination

A SCSI bus must be terminated at each physical end of the SCSI
chain. Only two terminators per bus can be used. The devices at the
physical ends of the cable must have terminators. All other devices on
the SCSI chain (including the controller if it is not at the end of the
chain) must have their terminators removed. If you are using external

and internal SCSI devices on a PC controller, remove the terminators
from the controller card.

Shadow RAM

System memory should not be used to shadow controllers that are
memory mapped. Controllers twhich are I/0 mapped (i.e. ESDI cards)
should be shadowed. System ROM should always be shadowed for
performance.

System Hangs On Power Up

The following are common installation errors which cause the sys-
tem to hang on power up:

Improper BIOS base address (see above)

Interrupt conflicts (see above)

Bus compatibility jumper (try it both ways)

Reversed SCSI Cable (causes termination power short circuit)
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Thermal Problems

Thermal problems are common in multiple hard drive installations
and in situations where a hard or optical drive is not adequately
cooled. Drives are mechanical devices and heat is their worst enemy.
As temperatures increase in a drive, the motor and bearings are sub-
ject to increased wear.Always make sure a hard drive has a continuous
flow of cooling air and adequate ventilation around it.

Twisted Data Cables

Twisted floppy and hard drive ribbon cables look suspiciously sim-
ilar. Floppy cables have seven twisted conductors, and hard drive
cables have five. Check the diagram in the previous chapter for a
quick identification.

Won’t Boot (DOS)

If your system has been formatted and won’t boot DOS, check to
see that the boot partition has been marked active in FDISK. Also
make sure that the system (hidden) files have been correctly trans-
ferred and that COMMAND.COM is present and matches the version
of the hidden files. If your system was booting correctly but sudden-
ly stopped, scan the boot sector for a virus.

Won’t Boot (ESDI)

For new ESDI installations, make sure that translation and sparing
modes have been set correctly. Also make sure that the system (hid-
den) files have been correctly transferred and that COMMAND.COM is
present and matches the version of the hidden files. If your system
was booting correctly but suddenly stopped, scan the boot sector for
a virus. Check FDISK and make sure the boot partition is marked
active.

Won’t Boot (IDE)

If you can use your IDE drive when booting from floppy but are
unable to boot directly from the hard drive, check to see if your IDE
drive requires “buffered interrupts”. If it does, you may need to
change a jumper on the controller card. Also make sure that the sys-
tem (hidden) files have been correctly transferred and that COM-
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MAND.COM is present and matches the version of the hidden files. If
your system was booting correctly but suddenly stopped, scan the
boot sector for a virus. Check FDISK and make sure the boot partition
is marked active. Verify that the Master/Slave jumpers are correct. If
your drive was booting on an older motherboard, but won’t boot on a
new one, check to see that the CMOS settings are identical.

Won’t Boot (SCSI)

Check for unshielded cables and termination (described above). If
you are using a hard drive that has a SCSI mode jumper, try it set both
ways. Also make sure that the system (hidden) files have been cor-
rectly transferred and that COMMAND.COM is present and matches
the version of the hidden files. If your system was booting correctly
but suddenly stopped, scan the boot sector for a virus. Check FDISK
and make sure the boot partition is marked active.

COMMON ERROR MESSAGES

1790/1791 Errors

1790 is the most common error message encountered in drive
installations. A 1790 error will result when a controller has been
installed, but the attached drive is not formatted. 1791 is the same
message but refers to the second hard drive.

Attempting To Recover Allocation Unit XXX

This message appears in high level format when DOS detects a
data verification error. If you are using an IDE or SCSI drive, you
shouldn’t see this message since the drive’s embedded controller
should mask out most errors before DOS is aware of them. If you see
this message in an IDE or SCSI installation, check for a hardware instal-
lation problem. If you see this message in an ESDI installation, make
sure the controller is able to read the drive’s defect map, and be sure
you have enabled sector sparing.

C: Drive Failure or Drive C: Error

This is a generic error message produced by the motherboard BIOS
on power-up. It is usually caused by a “not-ready” error from the disk
subsystem or an unformatted drive. Check cabling and master/slave
jumpers on new installations.
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Error Reading Fixed Disk

If you have successfully low-level formatted your drive and you
encounter this message from FDISK, the system is unable to verify the
partition sector. This is usually caused by a hardware problem, typi-
cally cabling or termination.

HDD Controller Failure

This message is usually caused by incorrect hardware installation.
Check cabling, jumpers and termination. This message will appear if
you install a SCSI controller without setting CMOS to “no drive
installed”. You will also get this message if you have an IDE drive set
for slave operation and there is no master drive in the system.

Insert Disk For Drive C:

This message is caused by incorrect software driver installation.
This can happen when DRIVER.SYS is used to add extended floppy
drives and the command line switches are incorrect. It also appears
when extended partition driver software is incorrectly installed.

Invalid Media Type

You have probably seen this message when formatting floppy disks
of the wrong density. It is also generated on hard disks when newer
versions of DOS utilities are used on older DOS partitions. For exam-
ple,a DOS 6.0 CHKDSK of a DOS 3.2 disk causes it. Avoid mixing DOS
versions.

No Fixed Disk Present

This message is produced by FDISK when it is unable to locate a
drive through BIOS. Check hardware installation, particularly cabling,
termination, and BIOS base address.

No Partitions Defined
This FDISK message is normal for a disk which has just been for-
matted. Be sure to set the bootable partition to “active” after creating

it with FDISK.
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No ROM Basic

The motherboard BIOS displays this message when it is unable to
locate a boot device. In IDE or ESDI installations, this message is usu-
ally caused by an incorrect CMOS drive type setting. Most SCSI con-
trollers require CMOS be set to “No drive Installed” or type 0. If this
error appears in a SCSI isntallation, check cabling, termination, and the
partition sector using FDISK. Most ESDI controllers require that
CMOS be set to type 1 for each drive installed. If this message occurs
in an ESDI installation, CMOS may be accidentally set to zero. Also
make sure that the system (hidden) files have been correctly trans-
ferred and that COMMAND.COM is present and matches the version
of the hidden files. If your system was booting correctly but sudden-
ly stopped, scan the boot sector for a virus. Check FDISK and make
sure the boot partition is marked active.

Non System Disk or Disk Error

Make sure that the system (hidden) files have been correctly trans-
ferred and that COMMAND.COM is present and matches the version
of the hidden files. Check termination in SCSI installations.

No SCSI Devices Found

If no SCSI devices appear in the bus scan, check SCSI cabling, ter-
mination, and make sure that no two SCSI devices are sharing the
same ID number. Make sure that no devices are using ID #7. ID#7 is
generally reserved for the SCSI controller card.

Track 0 Bad, Disk Unusable

This fatal data error often indicates a bad drive, although it can also
be caused by improper termination.

Unable to Access Fixed Disk

This FDISK message is caused by an error reported by BIOS during
an attempt to read the drive. Check termination and cabling. When
booting from floppy but are unable to boot directly from the hard
drive, check to see if your IDE drive requires “buffered interrupts”. If
it does, you may need to change a jumper on the controller card.
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UNIVERSAL IDE PARAMETERS

11 newer IDE drives will accept any CMOS parameters that result
Ain a total number of Logical Blocks (LBA’s) that are equal to or less
than the capacity of the drive. You can calculate any IDE drive’s max-
imum LBA’s by taking the total capacity of the drive and dividing it by
512. As long as the product of heads, cylinders, and sectors per track
are less than the number LBA’s, and within the range of the BIOS, your
parameters will work. If you don’t know what the manufacturers rec-
ommended parameters are, or if you don’t have the time or inclination
to calculate them, feel free to use the table below.

Note that the location of the DOS partition sector on a drive is
determined by the sectors per track used to format the drive. If you
are moving a drive from one system to another, you will need to match
the number of sectors per track originally used to format the drive in
order for DOS to recognize all the partitions on the drive.
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FORMATTED NUMBER NUMBER NUMBER OF
CAPACITY OF HEADS OF CYLINDERS | SECTORS/TRACK
10 4 306 17
15 4 430 17
20 4 614 17
30 4 862 17
40 6 766 17
42 6 804 17
60 8 862 17
80 10 919 17
84 10 965 17
100 16 718 17
105 16 754 17
120 16 862 17
170 16 329 63
200 16 388 63
210 16 407 63
213 16 413 63
240- 16 465 63
252 16 488 63
300 16 581 63
320 16 620 63
330 16 639 63
340 16 659 63
380 16 736 63
400 16 775 63
420 16 814 63
450 16 872 63
528 16 1024 63
635 16 1234 63
810 16 1572 63
850 16 1652 63
1050 16 2045 63
1060 16 2064 63
1080 16 2097 63
1260 16 2448 63
1280 16 2484 63
1626 16 3158 63
2161 16 4095 63
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HARD DRIVE LIST

isted in the following chapter are many common hard drives and
Ltheir parameters. The capacities listed are in formatted megabytes
(1,000,000 bytes), with 512 bytes per sector. Formatted capacities
may vary slightly depending on how the drive is formatted (i.e., using
sector sparing or 35/36 sectors per track). As you would expect, all
older MFM drives have 17 sectors per track, and all RLL drives thatuse
the ST-506 interface have 26 sectors per track. ESDI drives have 35,
36, 48, or 63 sectors per track.

Access times listed are those published by the manufacturer. These
advertised access times are often slightly lower than the average test-
ed times. Drive information that was unavailable at the time of print-
ing is entered as dashes (-).

Landing Zone

The landing zone, or "park cylinder" of a hard drive is a location to
which the drive head carriage should be moved before the drive is
transported. Older hard drives that use stepper motor actuators had
to be manually parked before they were transported. This parking pro-
cedure moved the heads away from the data area of the disk and
reduced the chance of data loss if the drive was bumped or jarred
with the power off.

All newer hard disk drives with voice coil actuators incorporate
automatic parking mechanisms. These mechanisms are as simple as a
spring and a small latch that move and lock the heads away from the
data areas of the disk when power is removed. Because the manual
landing zone is no longer used in modern drives, we have omitted it
from the tables. If you have an older stepper motor type drive which
does require manual parking, step the heads to the maximum cylinder
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+ 1 before removing power from the drive. For example, if you have
a ST-225 which has 615 cylinders, step to the 616th cylinder before
power down if you intend to transport the drive.

Write Precomp

Write precompensation is a technique that alters the timing of data
written to a hard drive on particular cylinders. Since the track length
of cylinders that are close to the center of the disk is shorter than the
outer cylinders, the timing of data read changes.

To compensate for the difference in read data timing between
inner and outer tracks, several drives use "write precompensation”
that alters the timing of data written to inner cylinders on the drive.
All newer drives automatically generate "write precompensation”
using internal logic that senses the position of the head and adjusts
the timing of write data accordingly. Older drives depend on the con-
troller card to generate write precompensation. Since write precom-
pensation is either handled internally or not used at all on newer hard
drives the starting write precompensation cylinder is not as important
as it once was. We have omitted write precomp information in the
hard drive list to keep things simple. A valid write precompensation
start cylinder for most older drives can be calculated by dividing the
maximum cylinder number by two.

CDC, Imprimis or Seagate?

Control Data Corporation (CDC) was one of the first manufactur-
ers of high performance 5.25" hard disk drives. CDC has over the
years developed an excellent reputation for reliability. In 1987,
Control Data Corporation named its disk drive division Imprimis.
Recently, the CDC's Imprimis division was purchased by Seagate.

If you are trying to locate an Imprimis drive, please check both the
Seagate and CDC sections.

Miniscribe or Maxtor Colorado?

Due to financial difficulties, Maxtor Corporation aquired
Miniscribe in 1990. Miniscribe is now called Maxtor Colorado.
Maxtor's management and expertise in high capacity drives has
helped improve the Miniscribe product.

If you are trying to locate an older Maxtor Colorado drive, also
check in the Miniscribe section.
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CONVERTING IMPRIMIS TO SEAGATE NUMBERS

IMPRIS SEAGATE | IMPRIMIS | SEAGATE | IMPRIS SEAGATE
94155-85 ST4085 94205-51 ST253 94351-008 ST1201NS
94155-86 ST4086 94205-77 ST279R 94351-2308 ST1239NS
9415596 ST4097 94211-106 ST2106N 94354-090 ST1090A
94155-135 ST4135R 94216106 ST2106E 94354-111 ST1111A
94161-182 ST4182N 94221-125 ST2125N 94354-126 ST1126A
94166-182 ST4182E 94241-502 ST2502N 94354-133 ST1133A
94171-350 ST4350N 94244-274 ST2074A 94354-155 ST1156A
94171-376 ST4376N 94244-383 ST2383A 94354-160 ST1162A
94181-385H | ST4385N 94246-182 ST2182E 94354-186 ST1186A
94181-702 ST4702N 94246-383 ST2383E 94354-200 ST1201A
94186-383 ST43836E 94351-090 ST1090N 94354-239 ST1239A
94186-383H | ST4384E 94351-111 ST1111N 94355-100 ST1100
94186-442 ST4442E 94351-126 ST1126N 94355-150 ST1150R
94191-766 ST4766N 94351-133S | ST1133NS | 94356-155 ST1156E
94196-766 ST4766E 94351-155 ST1156N 94356-200 ST1201E
94204-65 ST274A 94351-155S | ST1156NS | 94536-111 ST1111E
94204-71 ST280A 94351-160 ST1162N 94601-12G/M | ST41200N
94204-74 ST274A 94351-186S | ST1186NS | 94601-767H | ST4767N
94204-81 ST280A 94351-200 ST1201IN
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FINE TUNING

his section contains a few hints on how to get the most out of
your hard disk subsystem. There are several ways of measuring
disk performance. In the PC world, the most common utility program
for comparing hard disks is CORETEST from Core International. CORETEST is included
Running CORETEST on your drive yields a crude performance rating on the HDB
based on the average seek time and data transfer rate of the drive companion CD-ROM.
reported by the system BIOS.
If you do not specify any command line options when running
CORETEST, the program defaults to a block size of 64KB. The perfor-
mance rating you get based on a 64K block size is only part of the pic-
ture. Many common operating systems (including DOS) often transfer
data in blocks smaller than 64KB. To get an idea of how your system
performs with these smaller block sizes, use the command
CORETEST/B:xx where xx is the size of the block you would like to
test. Making a graph of the performance ratings you get for different
block sizes gives a more complete picture.

CSC Test

. HOT TIP
CSC offers its own performance test program called CSCTEST that

is supplied on the CD-ROM that is enclosed with the Hard Drive Bible.
Since this program is larger than will fit on the disk in uncompressed
format, it is supplied in a self extracting compressed archive format.
To uncompress it, first change to the directory on your hard drive
where you would like to install the test program. Once you are in that
directory, type A:CSCTEST, and the program will automatically unpack
and transfer itself to your hard disk. To view the results, you will need
an EGA,VGA, or Hercules compatible monitor.

CSCTEST gives an evaluation of system performance by accurately
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measuring the number of seeks per second and 512 byte blocks trans-
ferred per second. These ratings are combined to give an overall per-
formance rating. This rating can then be compared with the rankings
of other popular systems.

There are several ways of increasing your system performance by
optimizing software setups and not changing hardware.

The two most important steps to a tuneup are optimizing inter-
leave and defragmenting files. The optimum interleave for your hard
disk system is a function of both the hardware and software in your
system. Contrary to popular opinion, 1:1 is not the optimum inter-
leave for ALL applications. If the controller you are using does not fea-
ture a full track read-ahead cache (most older MFM, RLL, and some
imbedded controllers don’t), selecting the optimum interleave will
make a significant difference in data transfer rate.

After extensive testing, we have come up with the following rules-
of-thumb regarding interleaves for older MFM and RLL controllers:

Use 4:1 Sector Interleave With:
Older 4.77MHz XT class machines.

Use 3:1 Sector Interleave With:
Older XT class machines with DOS applications.
Older 6MHz and 8MHz AT class machines running DOS.

Use 2:1 Sector Interleave With:
Older 10MHz to 16MHz 286/386 machines running DOS.

Use 1:1 Sector Interleave With:
All 20MHz or faster 386 machines running Netware.
All 20MHz or faster 386 machines running DOS.
All newer 486 and Pentium machines.

It’s interesting to note that a 20MHz 386 machine running DOS can
operate faster with a 2:1 interleave controller than a 1:1. This is
because many DOS applications can’t operate fast enough to take
advantage of the 1:1 interleave. By the time the DOS application
requests the next sequential sector of disk data, the 1:1 formatted disk
has already spun past that sector, and DOS must wait for the disk to
spin another revolution. Fortunately, if you are building up a new sys-
tem with a clock speed of 20MHz or faster, the choice is clear. Most
modern clone boards with 8MHz I/O channels and fast CPU’s work
best with 1:1 interleave. If you are tuning up an older system with a
clock speed of 20MHz or less, 2:1 interleave may be the optimum
choice.
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There is really only one way of exactly determining the actual opti-
mum interleave for your system. Test it. Popular programs like
OPTUNE or SPINRITE let you determine the optimum interleave based
on hardware considerations only. Unfortunately, these programs do
not take into account the software overhead that DOS and other oper-
ating systems create. Format the drive with an interleave value one
sector larger than suggested by SPINRITE or OPTUNE. Then load your
applications and make your own performance tests. Record the
results and then reformat with the interleave recommended by the
test program. If performance increases, you have chosen the optimum
interleave. If not, the software overhead of your applications is caus-
ing the system to operate better at the higher interleave.

Defragmenting files is the next step in increasing system perfor-
mance. As a disk is used over time, files become fragmented. The sim-
plest way to defragment files is with a program like Central Point
Software's COMPRESS. Alternately, the files can be copied to another
drive and then restored. Defragmenting files will significantly increase
your system performance.

Buffers and FASTOPEN

Appropriate use of the DOS Buffers and FASTOPEN commands will
also improve system throughput.

The DOS Buffers command allocates a fixed amount of memory
that DOS uses to cache data while reading and writing. As many
buffers as possible should be installed in your CONFIG.SYS file. Each
buffer will take a total of 548 bytes of memory (512 bytes for data and
36 for pointers). If you have extended memory available, use the /X
option to store buffers in extended RAM and keep your base 640k free
and clear. If you are using a caching controller, set the DOS Buffers
command as low as possible for best performance.

The DOS FASTOPEN program tracks the locations of files on a disk
for fast access. Access to files in a complex directory structure can be
time consuming. If you run applications that use several files (such as
dBASE, Paradox, or other database programs), FASTOPEN records the
name and physical location on the drive. When the file is reopened,
access time is significantly reduced. If you are using disk intensive
programs without FASTOPEN, your disk performance is suffering.

One of the nicest features of FASTOPEN is its ability to use extend-
ed memory. For example adding the line FASTOPEN C:100,10/X to
your AUTOEXEC.BAT file would automatically make FASTOPEN load
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using extended memory to track up to 100 files with a 10 entry extent
cache. Unfortunately, once FASTOPEN is loaded, its setup cannot be
changed. To change FASTOPEN settings, reboot the computer.
FASTOPEN is not needed under Windows ‘95.

Cache Programs

Caching programs such as DOS SMARTDRV.SYS dramatically
improve disk system performance. Another benefit of using a good
caching program is extended drive life. Drive life is based not only on
the number of power on hours (POH), but also on the number of seek
operations. Adding even a small RAM cache will prolong drive life sig-
nificantly by reducing the number of seeks necessary. If you are using
DOS 5.0 or later, we recommend you try the SMARTDRV.SYS program
included with DOS. It offers good performance, particularly with
expanded memory. You can improve drive performance dramatically
without buying extra software by adding SMARTDRV to your CON-
FIG.SYS file.

For a few dollars more, many excellent third-party caching pro-
grams are available that offer improved performance over SMARTDRYV.
Two of the best cache programs we have found are PC-Cache from
Central Point Software and Speed Cache from Storage Dimensions.
Both of these programs enable disk caching using extended or
expanded system memory. If you purchased IBM DOS 6.1 or later, you
received PC-Cache and a defragmenting program free with DOS -
smart buy. PC-Cache has an adjustable read-ahead feature which
improves sequential access on large files.

If you are running Unix, Database programs, or other extremely
disk intensive programs, the ultimate solution (if you can afford it) is
a caching controller card. A caching controller can provide reduced
data access times, improve throughputs, and improve your hard drive’s
life span. A quick Windows performance boost can be had by moving
the swap file. If this swap file is located near frequently used data, per-
formance will be increased. If the swap file is moved to a separate
drive, performance is even better. For DOS and Microsoft Windows
users, a caching controller frees system memory for applications. Due
to the large number of requests for an inexpensive, high performance
caching controllers, CSC has designed the CSC FastCache™64 ISA
SCSI controller. We are now designing both caching and non caching
VESA VL-Bus and PCMCIA versions. A number of other Fast SCSI
caching and non-caching controllers are available, and if disk I/O is a
bottleneck, they are all worth considering.
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To sum up the fine tuning of your DOS hard drive, perform the fol-
lowing five steps for better disk performance:

1. Find the optimum interleave (Reformat if necessary).

2. Compress and defragment. ' HOT TIP
3. Set buffers correctly.

4. Install FASTOPEN.

5. Use SMARTDRY, PC-CACHE, or another cache program if you do
not have a caching controller.

6. Move swap files to a physical area near data files, or to another
drive.
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HARD DRIVE PARAMETERS

MODEL FORMATTED  NO. OF NO. OF SECTORS AVERAGE INTERFACE ~ FORM (MOS

NUMBER CAPACITY  HEADS CYLINDERS  PER TRACK  IN MS FACTOR SETTINGS
ALPS AMERICA

DRND-10A 10 2 615 17 60 MFM _ 3.5x 1"

DRND-20A 20 4 615 17 60 MFM __ 3.5x1"

DRPO-20D 20 2 615 26 60 MFM _ 3.5x1"

DR311C 106 2 2109 63 13 IDE___ 35" 13x954x63
DR311D 106 2 2109 63 13 scsl__ 35"

DR312C 212 4 2109 63 13 IDE 35" 13x965x33
DR312D 212 4 2109 63 13 scsl 35"

RPO-20A 20 2 615 26 60 RLL  35x1"

AMPEX

PYXIS-7 5 2 320 17 90 MFM _ 5.25" FH

PYXIS-13 10 4 320 17 90 MFM _ 5.25" FH

PYSIX-20 15 6 320 17 90 MFM _ 5.25" FH

PYXIS-27 20 8 320 17 90 MFM__ 5.25" FH

AREAL TECHNOLOGY

A 120 136 4 1024 60 15 IDE___ 25" 8x548x61
A 180 81 4 1488 60 15 IDE 25" 10x715x50
MD-2060 62 2 1024 60 19 IDE__ 25" 2x1024x60
ND-2080 80 2 1323 60 19 IDE___ 25" 9x1021x17
2085 85 2 1410 59 19 IDE 25" 10x976x17
2100 100 2 1632 63 19 IDE__ 25" 12x957x17
ATASI TECHNOLOGY, INC.

AT-676 765 15 1632 54 16 ESDI _ 5.25"FH

AT-3020 17 3 645 17 38 MFM__ 5.25" FH

AT-3033 28 5 645 17 33 MFM __ 5.25" FH

AT-3046 39 7 645 17 33 MFM  5.25"FH
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AT-3051 43 7 704 17 33 MFM __ 5.25' FH

AT-3051+ 44 7 733 17 33 MFM _ 5.25"FH

AT-3075 44 7 733 17 33 MFM  5.25" FH

AT-3075 67 8 1024 17 33 MFM  5.25" FH

AT-3085 71 8 1024 26 28 RLL  5.25"FH

AT-3128 109 8 1024 26 28 RLL  5.25"FH

AT-6120 1051 15 1925 71 13 ESDI _ 5.25" FH

AURA ASSOCIATES

AU63 63 2 1330 43 17 PCMCIA 1.8"

AU126 125 4 1330 43 17 PCMCIA 1.8"

BASF

6185 23 6 440 17 99 MFM  5.25"FH

6186 15 4 440 17 70 MFM  5.25" FH

6187 8 2 440 17 70 MFM  5.25"FH

6188-R1 10 2 612 17 70 MFM  5.25"FH

6188-R3 21 4 612 17 70 MFM  5.25" FH

BRAND TECHNOLOGIES

BT 3400 400 6 1800 72 12 IDE/SCSI 3.5 x 1" 15x1021x51
BT 3650 650 10 1800 36 12 IDE/SCSI 3.5 x 1" 16x1017x78
BT 8085 71 8 1024 17 25 MFM _ 5.25" FH

BT 8128 109 8 1024 26 25 RLL  5.25"FH

BT 8170 142 8 1024 36 36 ESDI  5.25'FH

BT 9170A 150 7 1165 36 16 IDE 35x1"  9x968x33
BT 9170E 150 7 1166 36 16 ESDI  35x1"

BT 9170S 150 7 1166 36 16 Scsl 3.5x1"

BT 9220A 200 9 1209 36 16 IDE 35x1"  12x968x33
BT 9220E 200 9 1210 36 16 ESDI  35x1"

BT 9220S 200 9 1210 36 16 SCSl 35x1"

BULL

D-530 25 3 087 17 65 MFM  5.25"FH

D-550 43 5 087 17 65 MFM  5.25"FH

D-570 60 7 987 17 65 MFM  5.25"FH

D-585 71 7 1166 17 65 MFM/RLL 5.25" FH

C. ITOH ELECTRONICS (also see Ye-Data)

YD-3042 44 4 788 26 26 RLL  5.25"FH

YD-3082 87 8 788 26 26 RLL  5.25"FH
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YD-3530 32 5 731 17 26 MFM___ 5.95' FH
YD-3540 45 7 731 17 26 MFM__ 5.25" FH
CARDIFF

F-3053 44 5 1024 17 20 MFM __ 35x1"
F-3080E 68 5 1024 26 20 ESDI 35x1"
F-3080S 68 5 1024 26 20 SCSl__ 35x1"
F-3127E 109 5 1024 35 20 ESDI _ 35x1"
F-3127S 109 5 1024 35 20 SCSI__ 35x1"
CDC (see also Seagate)

94155-19 18 3 697 17 28 MFM _ 5.25" FH
94155-21 21 3 697 17 28 MFM __ 5.25'FH
94155-25 Wren | 24 4 697 17 28 MFM __ 5.25" FH
94155-28 24 4 697 17 28 MFM _ 5.25" FH
94155-36 Wren | 36 5 697 17 28 MFM__ 5.25" FH
94155-38 31 5 733 17 28 MFM__ 5.25'FH
94155-48 Wren Il 40 5 925 17 28 MFM _ 5.25' FH
94155-51 Wren Il 43 5 989 17 28 MFM__ 5.25'FH
94155-57 Wren Il 48 6 926 17 28 MFM__ 5.25"FH
94155-67 Wren Il 56 7 926 17 28 MFM__ 5.25" FH
94155-77 Wren Il _ 64 8 926 17 28 MFM _ 5.25" FH
94155-85 Wren Il 71 8 1024 17 28 MFM __ 5.25" FH
94155-86 Wren Il 72 9 925 17 28 MFM _ 5.25" FH
94155-96 Wren Il 80 9 1024 17 28 MFM _ 5.25'FH
94155-120 Wren I 102 8 960 26 28 RLL _ 5.25"FH
94155-135 Wrenll 115 9 960 26 28 RLL  5.25"FH
94156-48 Wren Il 40 5 925 17 28 ESDI _ 5.25"FH
94156-67 Wren Il 56 7 925 17 28 ESDI _ 5.25" FH
94161-86 Wren Il 72 9 925 17 28 ESDI _ 5.25"FH
94161-86 Wren Il 86 9 969 26 17 SCSI 525" FH
94161-101 Wren IIl_86 9 969 26 16 SCSI _ 5.25"FH
94161-121 Wren Il 120 7 99 26 17 SCSI  5.25"FH
94161-141 Wren Il 140 7 969 26 16 SCSI  5.25"FH
94161-155 150 9 969 36 16 SCSI__ 5.25"FH
94161-182 Wren Il 155 9 99 36 16 SCSl_ 5.25'FH
94166-101 Wren Ill 84 5 969 34 18 ESDI__ 5.25"FH
94166-141 Wren Il 118 7 969 34 18 ESDI _ 5.25'FH
94166-182 Wrenill 152 9 969 34 16 ESDI__ 5.25"FH
94171-300 288 9 1365 36 18 SCSI__ 5.25'FH
94171-344 335 9 1549 36 18 SCSl 5.25" FH
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94171-350 Wren IV_300 9 1412 46 17 SCSI 5.25" FH

94171-375 Wren IV_375 9 1549 35 16 SCSI 5.25" FH

94171-376 Wren IV_330 9 1546 45 18 SCSI 5.25" FH
94181-385D 337 15 791 36 11 SCSI 5.25" FH

94181-385H 330 15 791 55 11 SCSI 5.25" FH

94181-574 WrenV_ 574 15 1549 36 16 SCSI 5.25" FH

94181-702 Wren V_ 601 15 1546 54 16 SCSI 5.25" FH
94181-702M Wren V613 15 1549 54 16 SCSI 5.25" FH

94186-265 Wren V. 221 9 1412 34 18 ESDI 5.25" FH

94186-324 WrenV_ 270 11 1412 34 18 ESDI 5.25" FH

94186-383 Wren V. 319 13 1412 34 18 ESDI I 5.25" FH
94186-383H 319 15 1224 34 15 ESDI 5.25" FH
94186-383S Wren V 338 13 1412 34 19 ESDI 5.25" FH

94186-442 Wren V. 368 15 1412 34 16 ESDI 5.25" FH
94186-442H Wren V 368 15 1412 34 16 ESDI 5.25" FH

94191-766 Wren VI 676 15 1632 54 16 SCSI 5.25" FH

94191-766M 676 15 1632 54 16 SCSI 5.25" FH

94196-383 Wren VI 338 13 1412 34 16 ESDI 5.25" FH

94196-766 Wren VI 664 15 1632 54 16 ESDI 5.25" FH

94204-65 65 5 948 26 29 IDE 5.25" HH

94204-71 71 5 1032 26 29 IDE 5.25" HH  5x989x27
94204-74 Wren Il 71 5 948 26 29 IDE 5.25" HH 8x933x17
94204-81 Wren Il 71 5 1032 26 28 IDE 5.25" HH  8x1024x27
94205-30 Wren Il 25 3 989 26 28 RLL 5.25" HH

94205-41 Wren Il 38 3 989 26 28 RLL 5.25" HH

94205-51 Wren Il 43 5 989 26 28 RLL 5.25" HH

94205-77 65 5 989 26 28 RLL 5.25" HH

94205-75 Wren Il 60 5 989 26 30 IDE 5.25" HH  5x989x26
94211-91 Wren Il 91 5 969 36 16 SCSI 5.25" FH

94211-106 Wren ill_ 91 5 1022 26 18 SCSI 5.25" FH

94211-209 WrenV_ 142 5 1547 36 18 SCSI 5.25" FH

94216-106 Wren Ill_ 89 5 1024 34 18 ESDI 5.25" HH

94221-125 WrenV_ 107 3 1544 36 18 SCSI 5.25" HH

94221-190 WrenV__ 190 5 1547 36 18 SCSlI 5.25" HH

94221-209 Wren V183 5 1544 36 18 SCSI 5.25" HH

94241-383 Wren VI 338 7 1261 36 14 SCSI 5.25" HH

94241-502 Wren VI 435 7 1755 69 16 SCSI 5.25" HH

94244-219 191 4 1747 54 16 IDE 5.25" HH  16x536x44
94244-274 Wren VI 191 4 1747 54 16 IDE 5.25" HH  14x983x33
94244-383 Wren VI 338 7 1747 54 16 IDE 5.25" HH  11x952x63
94246-182 Wren VI 160 4 1453 54 15 ESDI 5.25" HH

126 Hard Drive Bible © CSC 1996




Corporate Systems Conter (408) 734-8787

MODEL FORMATTED  NO. OF NO. OF SECTORS AVERAGE  INTERFACE  FORM (MOS

NUMBER CAPACITY  HEADS CYLINDERS  PER TRACK  IN MS FACTOR SETTINGS
94246-383 Wren VI 338 7 1747 54 15 ESDI 5.25" HH

94295-51 43 5 989 17 28 MFM 5.25" FH

94311-136S 120 5 1068 36 15 SCSI-2  3.5"3H

94314-136 120 5 1068 36 15 IDE 3.5" 3H 11x917x17
94316-111 Swift 98 5 1072 36 23 ESDI 3.5 x1"

94316-136 120 5 1268 36 15 ESDI 3.5x1"

94316-155 138 7 1072 36 15 ESDI 3.5x1"

94316-200 Swift 177 9 1072 36 15 ESDI 3.5x1"

94335-55 46 5 1268 17 25 MFM 3.5x1"

94335-100 83 9 1268 17 25 MFM 3.5x1"

94351-90 79 5 1068 29 15 SCSI 3.5x1"

94351-111 98 5 1068 36 15 SCsI 3.5x1"

94351-126 111 7 1068 29 15 SCSI 3.5x1"

94351-128 111 7 1068 36 15 SCSI 3.5x 1"

94351-133 Swift 116 7 1268 36 15 SCSI 3.5x 1"

94351-133S Swift 116 5 1268 36 15 SCSI-2 35x1"

94351-134 117 7 1068 36 15 SCSI 3.5x1"

94351-155 Swift 138 7 1068 36 15 SCSI 3.5x1"

94351-155S Swift 138 7 1068 36 15 SCSI-2 35x1"

94351-160 Swift 142 9 1068 29 15 SCSI 3.5x1"

94351-172 150 9 1068 36 15 SCSI 3.5x1"

94351-186S 163 7 1268 36 15 SCSI-2 35x1"

94351-200 177 9 1068 36 15 SCsi 3.5x1"

94351-200S 177 9 1068 36 15 SCSI-2 35x1"

94351-230 Swift 210 9 1272 36 15 SCSI 3.5x1"

94351-230S Swift 210 9 1268 36 15 SCSI-2  3.5x1"

94354-90 Swift 79 5 1072 29 15 IDE 3.5x1" 10x536x29

94354-111 Swift 98 5 1072 36 15 IDE 3.5x1" 10x1024x17

94354-126 Swift 111 7 1072 29 15 IDE 3.5x1" 13x984x17
94354-133 Swift 117 5 1272 36 15 IDE 3.5x1" 14x961x17
94354-155 Swift 138 7 1072 36 15 IDE 3.5x1" 16x993x17
94354-160 Swift 143 9 1072 29 15 IDE 3.5x 1" 9x942x33

94354-186 Swift 164 7 1272 36 15 IDE 3.5x 1" 10x971x33

94354-200 Swift 177 9 1072 36 15 IDE 3.5x1" 11x956x33

94354-230 Swift 211 9 1272 36 15 IDE 3.5x1" 12x989x3

94355-55 Swift 46 5 1072 17 16 MEM 3.5x1"

94355-100 Swift 83 9 1072 17 15 MFM 3.5x1"

94355-150 Swift 128 9 1072 25 15 RLL 35x1"

94356-111 Swift 98 5 1072 36 15 ESDI 3.5x1"

94356-155 Swift 138 7 1072 36 15 ESDI 35x 1"

94356-200 Swift 171 9 1072 36 15 ESDI 3.5x 1"
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94601-12G/M 1037 15 1931 VAR 15 SCSI 5.25" FH
94601-767H 665 15 1356 64 12 SCSI-2 5.25" FH
94601-767M 676 15 1508 54 12 SCSI 5.25" FH
97155-36 30 5 733 17 28 MFM 8"
9720-1123 SABRE 964 19 1610 VAR 15 SMD 8"
9720-1230 SABRE 1236 15 1635 VAR 15 SMD/SCSI 8"
9720-2270 SABRE 1948 19 2551 VAR 12 SMD 8"
9720-2500 SABRE 2145 19 2220 VAR 12 SMD 8"
9720-368 SABRE 368 10 1635 VAR 18 SMD/SCSI 8"
9720-500 SABRE 500 10 1217 VAR 18 SMD/SCSI 8"
9720-736 SABRE _ 741 15 1217 VAR 15 SMD/SCSI 8"
9720-850 SABRE 851 15 1635 VAR 15 SMD/SCSI 8"
97229-1150 990 19 1784 VAR 15 IPI-2 8"
97500-12G 1050 17 1884 VAR 15 IPI-2 5.25" FH
97500-15G Elite 1285 17 1991 VAR 16 SCSI-2  5.25" FH
BJ7D5A /77731608 29 5 670 17 28 MFM 5.25" FH
BJ7D5A/77731613 33 5 733 17 28 MFM 5.25" FH
BJ7D5A/77731614 23 4 670 17 28 MFM 5.25" FH
CENTURY DATA

CAST 10203E 55 3 1050 35 28 ESDI 5.25" FH
CAST 10203S 55 3 1050 35 28 SCSI 5.25" FH
CAST 10304E 75 4 1050 35 28 ESDI 5.25" FH
CAST 10304S 75 4 1050 35 28 SCsi 5.25" FH
CAST 10305E 94 5 1050 35 28 ESDI 5.25" FH
CAST 10305S 94 5 1050 35 28 SCSI 5.25" FH
CAST 14404E 114 4 1590 35 25 ESDI 5.25" FH
CAST 14404S 114 4 1590 35 25 SCslI 5.25" FH
CAST 14405E 140 5 1590 35 25 ESDI 5.25" FH
CAST 14405S 140 5 1590 35 25 SCsi 5.25" FH
CAST 14406E 170 6 1590 35 25 ESDI 5.25" FH
CAST 14406S 170 6 1590 35 25 SCSI 5.25" FH
CAST 24509E 258 9 1599 35 18 ESDI 5.25" FH
CAST 24509S 258 9 1599 35 18 SCSI 5.25" FH
CAST 24611E 315 11 1599 35 18 ESDI 5.25" FH
CAST 24611S 315 11 1599 35 18 SCsl 5.25" FH
CAST 24713E 372 13 1599 35 18 ESDI 5.25" FH
CAST 247138 372 13 1599 35 18 SCSi 5.25" FH
i

CM 3206 10 4 306 17 99 MFM 5.25" FH
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CM 3426 20 4 615 17 85 MFM 5.25" FH

CM 5018H 4 2 256 17 105 MFM 5.25" FH

CM 5206 5 2 306 17 99 MFM 5.25" FH

CM 5410 8 4 256 17 105 MFM 5.25" FH

CM 5412 10 4 306 17 99 MFM 5.25" FH

CM 5616 13 6 256 17 105 MFM 5.25" FH

CM 5619 15 6 306 17 105 MFM 5.25" FH

CN 5826 21 8 306 17 99 MFM 5.25" FH

CM 6213 11 2 640 17 105 MFM 5.25" FH

CM 6426 21 4 615 17 40 MFM 5.25" FH

CM 6426S 22 4 640 17 40 MFM 5.25" FH

CM 6640 33 6 640 17 40 MFM 5.25" FH

CM 7660 50 6 960 17 40 MFM 5.25" FH

CM 7880 67 8 960 17 40 MFM 5.25" FH

CMS ENHANCEMENTS, INC.

F115ESDI-T 114 7 915 35 30 ESDI 5.25" FH
F150AT-CA 150 9 969 34 17 IDE 5.25" FH  9x986x33
F150AT-WCA 150 7 1224 36 17 IDE 5.25" FH  9x986x33
F150EQ-WCA 150 7 1224 36 17 ESDI 5.25" FH
F320AT-CA 320 15 1224 36 15 ESDI 5.25" FH
F70ESDI-T 73 2 1224 36 30 ESDI 5.25" FH
H330E1 330 7 1780 54 14 ESDI 5.25" FH
H340E1 340 7 1780 54 14 ESDI 5.25" FH

PS Express/150 150 7 1224 36 17 ESDI 5.25" FH

PS Express/320 320 15 1224 36 15 ESDI 5.25" FH
COGITO

CG-906 5 2 306 17 85 MFM 5.25" FH
CG-912 11 4 306 17 65 MFM 5.25" FH
CG-925 21 4 612 17 65 MFM 5.25" FH
PT-912 11 2 612 17 40 MFM 5.25" FH
PT-925 21 4 612 17 40 MFM 5.25" FH
COMPORT

2040 44 4 820 26 35 MFM 5.25" HH

2041 44 4 820 26 29 IDE 5.25" HH

2082 86 6 820 34 29 Scsi 5.25" HH
CONNER PERIPHERALS, INC.

CP-340 42 4 788 26 29 SCSi 35x1"
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CP-342 40 4 805 26 29 IDE 3.5x1" 4x805x26
CP-344 43 4 788 26 29 IDE 35x1" 4x788x26
CP-2020 21 2 642 32 23 SCSI 3.5x1"

CP-2024 KATO 21 2 653 32 40 IDE 2.5 HH 2x653x32
CP-2034 PANCHO 32 2 823 38 119 IDE 2.5 HH 2x823x38
CP-2064 PANCHO 64 4 823 38 19 IDE 2.5 HH 4x823x38
CP-2084 PANCHO 85 8 548 38 19 IDE 2.5 HH 8x548x38

CP-2304 215 8 1348 39 19 IDE 3.5x1" 12x989x35
CP-3000 43 5 976 17 27 IDE 3.5x1" 5x988x17
CP-3020 21 2 622 33 27 SCSI 3.5x1"

CP-3022 21 2 622 33 27 IDE 3.5x1" 2x622x33
CP-3024 22 2 636 33 27 IDE 3.5x1" 2x636x33
CP-3040 42 2 1026 40 25 SCSI 3.5x1"

CP-3044 43 2 1047 40 25 IDE 3.5x1" 5x988x17
CP-3100 105 8 776 33 25 SCSI 3.5x1"

CP-3102 104 8 776 33 25 IDE 3.5x1" 8x776x33
CP-3104 105 8 776 33 25 IDE 3.5x1" 8x776x33
CP-3111 112 8 832 33 25 IDE 35x1" 8x832x33
CP-3114 112 8 832 33 25 IDE 3.5x1" 8x832x33
CP-3180 84 6 832 33 25 SCsi 3.5x1"

CP-3184 84 6 832 33 25 IDE 3.5x1" 6x832x33
CP-3200F 213 8 1366 38 19/16 SCSI 3.5x1"

CP-3204F 213 16 683 38 19/16 IDE 35x1" 6x683x33
CP-3209F 213 4 1366 38 16 MCA 3.5x1" 6x683x38
CP-3304 340 8 1806 46 16 IDE 3.5x1" 16x659x63
CP-3360 360 8 1806 49 12 SCSI-2  3.5x1"

CP-3364 360 8 1806 6349 12 IDE 35x1" 11x702x63
CP-3500 510 12 1695 49 12 ScCsi 35x1"

CP-3504 509 12 1695 49 12 IDE 35x1" 16x987x63
CP-3540 540 12 1806 49 12 SCSI-2  35x1"

CP-3544 540 12 1806 49 12 IDE 35x1" 16x987x38
CP-4024 STUBBY 22 2 627 34 29 IDE 3.5x1"

CP-4044 sTUBBY 43 2 1104 38 29 IDE 3.5x1" 7x699x17
CP-30060 60 2 1524 39 19 SCSI 3.5x1"

CP-30064 61 2 1522 39 - IDE 3.5x1" 4x762x39
CP-3544 540 12 1806 49 12 IDE 35x1" 16x987x38
CP-3554 544 16 1054 63 12 IDE 3.5x1" CMOS
CP-4024 STUBBY 22 2 627 34 29 IDE 3.5x1" 2x627x34
CP-4044 STUBBY _ 43 2 1104 38 50 IDE 3.5x1" 7x699x17
CP-30060 60 2 1524 39 19 SCSi 3.5x1"

CP-30064 61 2 1522 39 14 IDE 35x1" 4x762x39
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CP-30080E 85 2 1806 47 17 IDE/SCSI 3.5 x 1"

CP-30080 84 4 1053 39 17 SCSl 3.5x1" 8x529x39
CP-30084 84 4 1058 39 19 IDE 3.5x1" 8x529x39
CP-30084E 85 4 903 46 19 IDE 35x1" 8x529x39
CP-30100 HOPI 120 4 1522 39 19 SCSI 3.5x1"

CP-30104H Allegh. 120 4 1522 39 19 IDE 3.5x1" 8x762x39
CP-30104 HOPI 120 4 1522 39 19 IDE 3.5x1" 8x762x39
CP-30109 HOPI 120 4 1522 39 19 MCA 3.5x1"

CP-30170E 170 4 1806 46 17 IDE 3.5x1" 11x941x33
CP-30200 212 4 2119 49 12 SCSI-2 3.5x1"

CP-30204 213 4 2119 49 12 IDE 3.5x1" 16x683x38
CP-30254 251 4 1984 62 12 IDE 3.5x1" 4x990x33
CP-30344 343 4 1121 60 13 IDE 3.5x1" 11x966x63
CP-30540 545 6 1984 62 10 FsCsl-2 _3.5x 1"

CP-31370 1371.80 14 2694 63 10 Fscsl-2 3.5x1"

CORE INTERNATIONAL

AT 30 31 5 733 17 26 MFM 5.25" FH

AT 30R 48 5 733 26 26 RLL 5.25" FH

AT 32 31 5 733 17 21 MFM 5.25" HH

AT 32R 48 5 733 26 21 RLL 5.25" HH

AT 40 40 5 924 17 26 MFM 5.25" FH

AT 40R 61 5 924 26 26 RLL 5.25" FH

AT 63 42 5 088 17 26 MFM 5.25" FH

AT 63R 65 5 988 26 26 RLL 5.25" FH

AT 72 72 9 924 17 26 MFM 5.25" FH

AT 72R 107 9 924 26 26 RLL 5.25" FH

AT 150 150 8 1024 36 18 ESDI 5.25" FH

HC 40 40 4 564 35 10 RLL 5.25" FH

HC 90 91 5 969 35 16 RLL 5.25" HH

HC 150 156 9 969 35 16 RLL 5.25" FH

HC 175 177 9 1072 35 16 ESDI 5.25" FH

HC 260 260 12 1212 35 25 RLL 5.25" FH

HC 310 311 12 1582 35 16 RLL 5.25" FH

HC 315 340 8 1447 57 16 ESDI 5.25" FH

HC 380 383 15 1412 35 16 ESDI 5.25" FH

HC 650 658 15 1661 53 16 ESDI 5.25" FH

HC 650S 663 14 1661 56 18 SCSI 5.25" FH

HC 655 680 16 1447 57 16 ESDI 5.25" FH

HC 1000S 1200 16 1918 64 18 SCSi 5.25" FH

OPTIMA 30 31 5 733 17 21 MFM 5.25" HH
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OPTIMA 30R 48 5 733 26 21 RLL 5.25" HH

OPTIMA 40 41 5 963 17 26 MFM 5.25" HH

OPTIMA 40R 64 5 963 26 26 RLL 5.25" HH

OPTIMA 70 72 9 918 17 26 MFM 5.25" FH

OPTIMA 70R 109 9 918 26 26 RLL 5.25" FH
CORPORATE SYSTEMS CENTER
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