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CSC’s Corporate Headquarters is located in Sunnyvale, at the heart of Silicon Valley. This location puts
CSC at the epicenter of the latest developments in data storage technology.

About CSC
CSC was founded in 1986 by our president, Martin Bodo. Since then, we have consistently grown
by offering the best quality customer service in the disk drive industry. Our mission is to offer
only the highest quality data storage products available and to back them up with professional
service and support. ‘ i R : 7R

CSC’s entire work force is here to ensure
Your satisfaction with your purchase.

CSC is proud to employ and work with many of the best, most experienced
and technically qualified individuals in the disk drive industry. With our
top notch sales and marketing team, first class technical service center, free
customer support, and immediate shipping, CSC is proud to service the
entire data storage market from end users to manufacturers.

CORPORATE
SYSTEMS
CENTER




R -«

ORT STAFF

CSC offers complete lifetime technical support, at no charge, for all of our hardware customers.
We have a staff of knowledgeable hardware and software experts who know the products we
manufacture, service, and sell. Call our friendly sales
staff today at (408) 734-3475 for a free disk drive price
guide.

Clockwise, from upper left:

Call-in technical support; bhardware setup and
installation; software evaluation; CSC’s Clean
Room and on-site burn-in facilities.

CSC'’s drive service and data
recovery facility is designed

to provide complete support

to our customers. Recent expansion of our repair division allows us to
CORPORATE offer this same service to OEMs and hard disk drive manufacturers.
SYSTEMS Several large manufacturers have already chosen CSC'’s service facility for
CENTER efficient high volume service of their current and end of life products.
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CSC FASTCACHE™ CONTROLLERS

The CSC FastCache™ AK47 is a
VESA SCSI-11 controller, featuring
extremely bigh data transfer rates, up
to 100Mbitsisec, and a user
upgradeable on board Flash BIOS.
Caching versions will soon be
available.

The original CSC FastCache™ 64 is
an AT (ISA) bus SCSI-II controller,
featuring expandability of up to
64MB of cache RAM and a user
upgradeable on board Flash BIOS.

CSC started manufacturing SCSI controller cards in 1991. New products will include high
performance caching VESA VL-BUS, WIDE SCSI, PCMCIA controllers, and much more. Call us
today for information on these products.

CSC SCSI TOWER CSC OPTICAL
DRIVES

CSC Optical Drives
are available in
capacities of up to
13 GB.

The CSC FastCache™ SCS1
Tower can accommodate up to
eight SCS1 devices.
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DISK DRIVE TECHNOLOGY ON DISPLAY

In response to customers’ demands for a factory outlet, CSC opened the doors of The Disk Drive
Depot in 1992, as the prototype of many stores to come. Centrally located on Lawrence Expressway
in Sunnyvale, California, The Depot offers the comprehensive inventory of CSC in a convenient
retail setting. Make it your next stop for hard drives, CD-ROMs, optical drives, DATSs, or any other
data storage product, when you are in the area. Our friendly and technologically skilled sales staff
will be eager to assist you choosing the component you need at a price you can afford.

Disk Drive Technology Classes

Mike Machado’s introduction to Disk Drive Technology is
absolutely the best way to gain an in depth knowledge of disk
drive technology. He has over 20 years experience in the data
storage industry, and his reputation and technical expertise are
unsurpassed. As a friend and former student of Mike’s, I
recommend this course to everyone who plans to work in the
data storage industry. Contact Mike and Patty Machado’s
company, M5 Electronics at (303) 499-0976 for more information.
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The History of Disk Drives

The 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 which was first
used in compasses. Alchemists in the first century B.C.
discovered the first magnetic compasses when they no-
ticed that loadstones hung from a string always pointed
the same way.

Several hundred years later, the connection be-
tween electricity and magnetism was discovered. Early
scientists noticed a compass needle was deflected when
it was put near a wire carrying electric current. It was in
this era that magnetic technology was pioneered by
experimental geniuses like Danish physicist Hans Chris-
tian 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 acrude audio recorder using astretched
magnetized wire. The Telegraphone attracted consider-
able curiosity when it was first exhibited at the Exposi-
tion Universelle in Paris in 1900. The few words that the
Austrian emperor Franz Josef spoke into it at that exhibi-
tion are believed to be the earliest surviving magnetic
recording.

As World War I approached, the German war effort
assumed leadership in magnetic recording technology.
The German firm AEG was the first to use plastic strips
(tape) for magnetic recording.The Germans put mag-
netic recording to its first military application on subma-
rines. 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 messages. By
World War II the Germans had perfected the recording
technology and manufactured high quality reel-to-reel
tape recorders called Magnetophons. These tape record-
ers 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 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. American Broadcasting Corpora-
tion had provided some of the financing for the Ampex
recorder project, and was the first to use them in broad-
casting the Bing Crosby Show in 1948. This same tech-
nology is used in today’s high resolution audio and

Figure 1 - Magnetophon Recorder
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digital tape drives.

Reel to reel tape recorders and Hollerith punch
cards were the main storage devices used in early com-
puters. 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 project. Following his intuition, Johnson
designed the first commercially successful digital disk
drive. In 1956, IBM announced the Model 350 RAMAC

Figure 2 - The Baloney Slicer!
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(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 15 to 50Mbits per
second data rates typical today! The popular name for
this huge stack of disks at IBM was the "baloney slicer".

In 1955, realizing that magnetic recording density
was severely limited by the number of linear stripes
(tracks) on the tape, two brilliant engineers, Charles
Ginsburg and Ray Dolby at Ampex Corporation devel-
oped the helical scan recording system. Their ingenious
scanning 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
technique 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 engineers 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 which used
aerodynamically shaped recording heads that "flew"
above the surfaces of the spinning disks, and enabling
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.

In 1964, my parents made the mistake of conceiv-
ingMartin Bodo. Little did they know how much trouble
I'would eventually cause them. My early fascination with
computers would ultimately place 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
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with which to store and ship microcode. In 1969 several
engineers left the project to join Memorex. Memorex
soon became an industry leader in magnetic media tech-
nologies, 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 tech-
nology 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 which the US could
never overcome.

In 1973, the first read-write floppy disk, the Igar
(IBM 33FD), started shipping to customers, storing an
incredible (for its time) 242,944 bytes. The original code

Figure 3 - IBM 33FD Floppy Drive
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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 Stor-
age 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, substantially reducing the cost of manu-
facturing. The 3340 also contained two spindles, each
with a storage capacity of 30 million characters. Refer-
ring to this arrangement as a "30-30," engineers were
reminded of the famous rifle and called their creation a
"Winchester" file, a term that came to be used throughout
the industry to identify this "floating head" design.

In 1975, IBM announced the 3350 Direct Access
Storage Device, and marked an extension of Winchester
technology and a return from the removable disk pack to
fixed disks, permitting higher recording 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 development of the 43FD using a dual-head drive,
which 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 manufacturing 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 company to mass produce an affordable hard
disk drive (the 5 Megabyte ST506). Seagate has become
the largest independent manufacturer of hard drives,
having shipped over 35 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. Allen Shugart made the floppy disk the
standard for data interchange and floppy drive sales
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soared. By 1982, hard disk drive sales had exploded and
form factors were shrinking from 14" disks to 8" disks.
The 5.25" form factor made popular by Seagate's ST506
was now an industry standard.

When I graduated from college in 1986, I made a
living by modifying Alan Shugart's Model 712, 5.25" 10
megabyte hard drives so they would hold 20MB. I was
starting to understand the equation for success in the hard
drive industry. It was simple: Provide the Most Megs in
the Smallest Size for the Least Bucks. I saw an oppor-
tunity foracompany which 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 capac-
ity 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.

As sales of Apple Computer's Macintosh line of
personal computers began to grow, the industry was
introduced to the idea of using the Small Computer
Systems Interface (SCSI) interface as a standard port for
desktop 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 performance workstation
disk drives! Like the IBM-PC, SCSI caught on like crazy
because it was hardware with software standards in-
cluded.

In 1990, Conner Peripherals in partnership with
Compaq computers had created and made popular both
the IDE interface and the 3.5" disk drive form factor. An
enormous volume market for IDE drives grew in the next
few years as IBM compatible desktop systems grew in
popularity.

Early Conner IDE Drive
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By 1990, there was not one American company left
producing helical scan tape recording mechanisms. The
Japanese conquest in consumer electronics 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
manufacturing 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 control-
lers at CSC. These cards would eventually sell by the
thousands, as the size of CSC continued to double yearly.

In 1991, IBM boasted another first in drive technol-
ogy, the MR head. IBM's 9340 drive became the first
IBM disk to use magneto-resistive recording-head tech-
nology, and IBM could now boast of bit densities of
>100Mbits per square inch.

In 1992, improvements in mechanical alignment
and media had boosted the capacity of standard diskettes
to 2.88MB and "floptical" diskettes to 20MB. 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 1992
with over 3GB of formatted capacity.

It's 1994 now, as we write the update to the Hard
Drive Bible. It's hard to predict the future, but I'll be glad
to share a few thoughts on the data storage industry.

My friends in the floppy industry tell me that
Floptical drives will soon be shipping with 80 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 indus-
try. Read the chapter on CD-ROM for more insight. CD-
ROM and recordable CD-ROM drives are now about to
revolutionize software distribution.

The hard disk industry, on the other hand, is moving
faster than ever. Volumes are huge and a few manufac-
turing companies staying profitable despite intense com-
petition. 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 technologies are improving.

© CSC 1994
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You can bet our friends at Intel think Flash will kill hard
drives. But our friends in Japan working on optical disk
drives feel that optical drives will win out in the long run.
My opinion is unchanged. I've heard people tell me that
something better will replace hard drives for the last ten
years. Every time there's a technical advance in Flash or
optical drive, there's a corresponding advance in disk
drive technology. Hard drives are here to stay. As
magnetic, optical, and semiconductor technologies ad-
vance together, hard drives continue to offer more stor-
age for less money, with a better access time. Each
technology has it's distinct advantages, but the magnetic
recording technology used in hard drives is simple,
mature and easy to manufacture. Hard drives will remain
practical for at least several more years.

In 1993, only one major disk drive manufacturer
was able to maintain profitability. 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 con-
tinue to loose money! This is an omen of 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 volume, low-tech products. Only the lean, high
tech companies will survive the competition.

Some feel that magnetic recording technology has
now 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
applications. In the past few years, optical recording
techniques pioneered by the Japanese in consumer prod-
ucts have developed to the point where optical drives are
manufactured at reasonable costs. Many companies like
Hitachi, Sony, Ricoh, and MaxOptix do a brisk business
selling fast, reliable, low cost optical drives. I feel the
compelling advantage behind optical media is remov-
ability. Cartridge hard drives and hard drives with re-
movable HDA's are not as large or convenient as optical
media. The market for erasable optical drives will con-
tinue to grow.
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Interface Standards

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

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

Shugart Associates
Pioneer in floppy disk drives
Shugart Associates
9292 Geronimo, Building #103
Irvine, CA 92718
(714)770-1100

Seagate Technology
Pioneer in hard disk drives
Seagate Technology
920 Disc Drive
Scotts Valley, CA 95067
(408)438-6550  (408)438-6356 Fax
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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 standard, drive manufacturers have recently
started to integrate 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 8-bit IDE interface are often called “XT Inter-
face” drives, and drives with a 16-bit interface are often
called “AT Interface” drives. By imbedding an AT con-
troller card into the drive, a significant manufacturing
cost savings occurs. Many parts (including line drivers
and even a microprocessor) may be eliminated.

Early "XT Interface" drives use a BIOS ROM on
the paddleboard and cannot 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 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 coun-
terparts. Some sacrifices were made in MFM/RLL con-
troller 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 most new disk drives use
zoned recording techniques to increase drive capacity, all
of these drives must use imbedded controllers. The only
practical interface alternative for imbedded controllers
on small disks are IDE or SCSI.

Onedisadvantage of the IDE interface is the 528MB
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limitiation. Although the most popular IDE drives sold
today are less than 528MB, disk sizes continue to grow.
A modification to the IDE interface software standard is
now proposed so that drives over 528MB can be sup-
ported. See the Enhanced IDE chapter for more informa-
tion on how the IDE interface will be improved in the
future.

Another minor problem with the IDE interface is
hardware incompatibility. Some IDE drives may be
incompatible with each other or with some paddle
boards, mostly due to different buffering or decoding.
See the pinout in the Connector Pinouts section for more
information on IDE drives.

ST-506/ST-412 Interface

Seagate Technology is the world's largest manufac-
turer 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 compat-
ible" MFM and RLL drives.

MFM and BRLL Encoding

Modified Frequency Modulation (MFM) encoding
was first patented by Ampex Corporation in 1963. MFM
encoding is often called “double 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 which 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 which depends on the bits
which 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% improvement in recording density over MFM
coding. For example, a drive which stores 100MB of data
at SMbit/sec MFM data rate can be made to store 150MB
of data using RLL encoding. The data transfer rate
increases to 7.5Mbit/sec using RLL 2,7, while the record-
ing bandwidth stays at 5 Mhz.
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Other RLL codings can provide even higher re-
cording densities. RLL 3,9 (commonly called ARRL)
provides a 100% improvement in recording density.
Longer codes can provide even greater increases. Be-
cause RLL coding does not require an increased read/
write channel bandwidth when compared to MFM en-
coding, RLL is now a popular coding technique used to
increase capacity in many hard disk drives. Most modern
ESDI, ST506-RLL and SCSI drives use RLL encoding.
For amore detailed description of how RLL data is coded
and decoded, see the next chapter.

Since RLL encoding provides higher data density
in the same recording bandwidth, the data capture win-
dow is reduced. To accurately reproduce data in this
smaller capture window, RLL encoding requires an im-
proved 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. Because of
this, only drives specifically designed for ST506 RLL
encoding should be used with RLL controllers. Connect-
ing an ST506 RLL controller to a drive designed for
MFM applications can result in a loss of data integrity.
Before RLL’ing a drive, check with the manufacturer to
insure that the drive is RLL certified. Be very careful
when using ARRL controllers.

ESDI Interface

The Enhanced Small Device Interface (ESDI) is
basically animproved, 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 interface
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 improves compatibility and makes
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 are available with rates up to 28
Mbits/sec.

The ESDI interface offers less command overhead
than the SCSI interface. However, ESDI is not particu-
larly well suited to zoned recording, and is really only
useful for fixed disks. ESDI remains a useful, fast
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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.

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 ability
to daisy chain up to seven 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 7 devices using a daisy-chained
cable. Unfortunately, though most manufacturers of SCSI
peripherals adhere to the basic ANSI hardware specifica-
tions, the level of SCSI software compatibility varies
from manufacturer to manufacturer. A new ANSI stan-
dard, SCSI-II has been announced in an attempt to
standardize the SCSI software interface. The ANSISCSI-
IT specification adds features like disconnect/reconnect,
and messaging while maintaining downward compat-
ibility with SCSI-I devices. A recent copy of the SCSI
specification may be obtained from ANSI or the CSC
BBS.

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 2-3MB/sec, the SCSI interface 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 expansion, but brings with it all the problems
of a developing technology.

WIDE SCSlI

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

FAST SCSI

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

SMD Interface

The Storage Module Device (SMD) interface is the
most popular interface for the 8" drives used in main-
frame, minicomputer, and workstation 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 drives to the SMD interface.

IPI Interface

The Intelligent Peripheral Interface (IPI) is a main-
frame disk drive interface standard used mainly on 8" and
14" drives. Itis popular in IBM and Sun workstation and
minicomputer applications. Many drives 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 drives are popular in PC applica-
tions due to their low cost. Drives are now available with
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up to 250MB (500MB compressed) capacities and data
transfer rates up to 1Mbit/sec.

QIC-36 Interface

This 50-pin tape drive interface standard was pio-
neered by companies like Wangtec and Archive. The
pinout is listed in the Pinout Section.

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 the SA-400 was
the first disk drive to gain wide acceptance. The interface
used a simple 34-pin cable with the 17 odd numbered
pins connected to ground for noise reduction and shield-
ing.

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. Al-
though 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 IDE (or AT) 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. In the future, as SCSI
software standards evolve and the costs of SCSI drives
and controllers come down, much of the IDE 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 optical and DAT drives use
the SCSI interface. We look forward to the time when
small computer peripheral interfacing is simplified as
manufacturers all begin to conform to the new SCSI-III
and future SCSI-IV standards.
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Basic Drive Operation

All disk drives perform three basic functions. They
spin, seek, and transfer data. The disks inside a hard drive
are mounted and rotated 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 carriage which
also usually 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 circuitry 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 magnetic groups called
"domains" on the surface of the disk. When reading, the
magnetic domains stored on the media are converted into
electric currents as the heads pass by a second time, this
time operating in reverse. The heads convert the chang-
ing 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, the servo system, heads and
media, and the data encoding circuitry.

Spindle Motors

The motor used torotate the disks inadrive 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 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 operate efficiently with a mini-
mum 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
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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 mo-
tors with higher start-up torques and lower power con-
sumption. All modern drives use microprocessor con-
trolled spindle motor drive circuitry with pulse width
modulation to minimize power consumption once the
drive reaches operating speed.

Figure 4 - Spindle motor used in high-capacity Maxtor drives.

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 which 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
which locked to the 60 Hz AC line frequency. Some
newer designs now offer "fast spin" rates of up to 7000
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RPM. At these higher spin speeds, improved spindle
motor bearing quality and balancing is essential. Faster
responding servo systems 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 hold the heads firmly
and rigidly using existing bearing and actuator technol-
ogy. And management wants it for free! The head car-
riage must have the lowest moving mass possible, en-
abling it to be moved hundreds of time a second.

Figure 5 Head carriage with linear actuator

The head carriage pictured above 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 rotary actuator

The head carriage above is typical of a modern
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rotary actuator. This actuator system has become
standard in modern 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)
particles on machined aluminum disks. Modern disks

Figure 6 - 5.25" Plated media

are made of annealed aluminum which is sputtered
and plated with magnetic coatings, then 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 mag-
netic penetration.

Head technologies have also evolved over the
years. As head gaps become smaller, the size of the
magnetic coils used must shrink accordingly. New
heads must handle higher write currents and be more
sensitive whenreading. Head gap sizes are constantly
shrinking and because of this, the drive industry is
moving toward the thin film and magneto-resistive
heads of the future and away from monolithic heads of
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yesterday. Head flying heights are now just a few mil-
lionths of an inch to enable efficient magnetic coupling
with miniscule gap widths.

Stepper Motor Servo Systems

Stepper motors are rotary actuators that rapidly
move in small discrete steps (usually .8 to 4 degrees per
step). Stepper motors provide a simple, reliable position-
ing system that is easy to use and inexpensive to manu-
facture. The stepper motor shaft is usually connected to
a small metal band that converts the rotary shaft motion
into alinear or rotary motion of the head carriage. Stepper
motors are ideal positioners for floppy drives and low
capacity hard drives due to their low cost.

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

Stepper Motor Servo

The number of concentric tracks recorded per inch
on a disk drive is referred to as the "track density". The
second disadvantage in a stepper motor servo system is
limitations on track density. High track densities 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 manu-
facture. 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 systems, like floppy disk drives. They
© GSC 1994
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have become yesterday's technology, 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 an inch in less than 1/100th of a second
and come to a complete stop within 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 which are attached to
the HDA casting. 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 which attracts or repels the stationary perma-
nent 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 which contains a D/A converter. The
output of the D/A converter usually drives a MOSFET
power amplifier which provides the current required by
the voice coil. The circuitry which moves the head from
track to track is simple compared to the circuitry which
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 pro-
vide position feedback information to the drive electron-
ics and "close" the servo loop.

Some large capacity drives use a "dedicated" voice
coil servo feedback system. If you see a drive in the drive

Voice Coil Servo
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table with an odd number 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 deter-
mine the exact position and velocity of the head carriage.
Assuming that the head carriage holds the entire head
stack rigidly together, the position of the read/write heads
will track along with the dedicated servo head. A dedi-
cated servo system offers fast positioning 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 systemis unable to compensate for thermal warpage
of the head stack assembly.

A more popular voice coil servo feedback system is
called "embedded" servo. An embedded servo system
works in a manner similar to the dedicated system except
for the physical location of the servo position informa-
tion. An 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
sensing 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 trans-
lates to higher cost), and the requirement for seek and
settling delays when switching between heads.

Many new drives employ a "hybrid" servo system
which 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 dedi-
cated 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 cushion 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 adrive occurs when
the drive is turned off and the heads "land" and touch the
disk.
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Figure 7 - Drive Filter and Latch Components

Allmodern 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 mechanical latch
mechanism to park and lock the heads in the landing
zone.

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

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

Data Encoding and Decoding

Data encoding is the technique used to convert a
stream of binary data into a varying current which drives
a magnetic head. The varying current which drives the
head produces magnetic flux reversals in the head. These
flux reversals orient the molecular magnetic dipole mo-
ments of the media. The media is thus "magnetized" in a
pattern which stores the data. The magnetic head has a
maximum frequency limitation which 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 maxi-
mum frequency limitations is called the recording band-
width. One goal in manufacturing disk drives is to pro-
vide the highest data recording rate as possible. A higher
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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 includ-
ing head and media design and positioning accuracy.

The goal in designing data encoding and decoding
circuitry thus becomes placing the maximum amount of
data bits within a fixed recording bandwidth while main-
taining 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 regenerates 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 and
"ENDEC".

Encoding and Decoding Codes

The following encoding and decoding codes are
commonly used in disk drives:

NRZ (Non-Return to Zero)

This code was originally used in telecommunica-
tions and its encoding and decoding are simple to under-
stand. 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 azero (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 patterns can be generated which will resultin
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. Itis also simple to understand. The direction of
a flux reversal 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)
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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 widely used in disk drives.

MFM (Modified Frequency Modulation)

With available heads and media, MFM is by far the
easiest coding technique to implement MFM encoding is
used in all modern floppy drives and many small capacity
hard drives. MFM doubles the data capacity of FM
encoding (MFM floppy drives are called Double Den-
sity). MFM works by eliminating the clock pulses in FM
encoding and replacing them with data bits. Clock pulses
are still used, but they are written only whenaone (1) data
bit is not present in both the preceding and the current
data cell ( Fig. 8)

To decode MFM data, a data separator must gener-
ate a clock signal based on several flux transitions. In
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Figure 8 - MFM Encoding

order to maintain a low 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.

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.
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The easiest way to understand RLL encoding is by
examining Figure 9. 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 correspond to the
encoded data to be written to the drive.

RLL encoding has two main disadvantages. The
first is that RLL requires significantly more complex
encoding and decoding circuitry than MFM. This has

Figure 9 - RLL 2,7 Encoding Tree

been overcome in part by single ENDEC chips from
companies like SSI 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, 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 are also
used with RLL encoded drives.

Spindle motors are now driven by crystal con-
trolled microprocessors to improve rotational speed ac-
curacy. 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 which offer higher data rates and record-
ing densities than RLL within the same fixed recording
bandwidth. All of these codes are more susceptible to
timing jitter and large error bursts than RLL coding. At
present, nearly all ESDI, SCSI, and IDE drives use RLL
coding. We expect that RLL will continue to be the most
commonly used coding in magnetic mass storage de-
vices for the next few years. The recent advent of PRML
techniques to improve read channel performance will
take some time to implement.
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CD-ROM

CD-ROM

Compact Disk Read Only Memory is the future of
software distribution. Programs which were once shipped
on dozens of floppy disks can now be reproduced inex-
pensively on a single CD-ROM disk.

With over 600 Megabytes of capacity, CD-ROM
technology provides a medium for full motion multime-
dia games, movies, and educational software. This new
technology will replace the floppy disk for information
distribution in the near future, and may eventually re-
place some magnetic tape technologies, such as video
tape. Well established standards insure media inter-
change between different CD-ROM drives, platforms,
and operating systems.

At the time of this writing, the cost of mass produc-
ing a CD-ROM in Hong Kong had dropped to around 50
cents per disk. On a per megabyte basis, CD-ROM is the
most inexpensive way to distribute data.

GD MEDIA

CD-ROM disks are built on a transparent polycar-
bonate plastic substrate. This substrate is coated with a
thin aluminum layer. Recordable, write once CD media
is identical to mass produced disks, except that the
aluminum layer is replaced with gold. CD’s store infor-
mation using microscopic pits in the metal layer which
are detected by a minute laser beam. Each pit is
approximately 5 by 3 micrometers in size, and there are
over a billion pits per disk. Since these pits are much
smaller than dust particles, CD’s must be manufactured
in a clean room environment. To provide an immunity
from smaller dust particles and unavoidable scratches,
the optical recording layer is placed away from the
surface of the plastic disk.

To mass produce CD-ROM’s. CD masters are first
made using a photo lithography process. These masters
are then used to press thousands of disks. Smaller
quantities of disks can also be produced on a desktop
using a CD-R drive. A CD-R drive uses write-once
media and is similar in operation to a WORM drive.

CD-ROM DRIVE OPERATION
Unlike hard disk drives, CD-ROM’s are not seg-
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mented into multiple tracks of data. Technically, a CD-
ROM disk has only one track! The CD-ROM uses a
single track of data over three miles long which is wound
50,000 times in a spiral, similar to an LP record. On a
CD, data is recorded from the inside of the spiral out-
wards. A single speed CD-ROM drive spins the disk at
varying speeds, starting at 550RPM and working down to
about 220RPM. It takes about 75 minutes to read the
entire disk at this “single” speed.

Dataisencoded using an “EFM” modulation scheme
which isn’t the ideal way to pack data on an optical disk,
but it was chosen to keep the complexity and cost of the
drives down. As the disk spins, a tiny low power laser
is focused through a lens onto the surface of the disk. The
reflected light from this laser is detected using a photo
diode, and the EFM encoded data is detected and sent to
the drive electronics. Because a scratch or dust particle
can cover thousands of bits of data, a special error
correcting system called CIRC (for Cross Interleaved
Reed Soloman Code) is used to correct any errors de-
tected by the drive electronics.

Two closed loop servo systems are used in CD-
ROM drives. The first system moves the small focusing
lens located above the laser to focus it on the disk. The
second system moves the entire laser, lens, and photo
diode assembly to place it correctly on the spiral.

CD ROM STANDARDS
IS0 9660

IS0-9660 is the current International Standards
Organization technical specification which defines the
physical format of CD-ROM data. The major contribu-
tors to this specification were DEC, Phillips and Sony.
This specification evolved from the “High Sierra” for-
mat, and is now used in almost all mass produced CD-
ROM disks to insure compatibility in the wide range of
available drives and systems. The ISO 9660 specifica-
tion defines file and directory formats, interchange lev-
els, and recording formats. A copy of the ISO 9660
specification can be ordered from ANSI by calling (212)
642-4900.

MODE 1

Two “modes” or formats are used to record data on
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CD-ROM disks. Mode 1 uses more error correction and
is the most popular format used today. Each sector
recorded in Mode 1 is 2048 bytes, with an additional 280
bytes of error correction data stored at the end of the
sector. This error correcting code is in addition to the
CIRC codes mentioned above. By adding multiple layers
of error correction, MODE 1 significantly increases the
reliability of the CD media.
MODE 2
The Mode 2 format is identical to Mode 1, but the
error correcting codes are removed. Removing the
ECC’s yields about 15% more data storage area on the
CD by increasing the sector size to 2,336 bytes. Mode 2
disks are also more susceptible to errors. A new Mode 2
disk will typically have three or four errors when played
in an average drive. In most audio applications, the
Mode 2 format is fine, since the human ear is usually
unable to detect these errors. Mode 2 is also often used
with graphic files and imaging applications.
CD-ROM XA
The XA format was developed by Microsoft, Sony
and Phillips. The XA format has two modes, called
FORM 1 and FORM 2. XA FORM 1 is almost identical
to MODE 1 format. XA FORM 2 is a new format used
for recording compressed audio, video, or graphics. XA
FORM 2 is designed so that errors will cause only minute
clicks in sound or a tiny dot (pixel) change in a photo-
graph.
CD-1
MPEG is a data compression technique developed
by the Motion Pictures Experts Group. CD-Iuses MPEG
to compress full motion video down to CD-ROM com-
patible data rates. With CD-I, a complete 74 minutes of
video can be recorded on a CD. CD-I players may
someday compete with video recorders, since the CD
media is less expensive and easier to produce than video
tape. At the time of this writing, Phillips was the only
manufacturer commercially mass producing aCD-I player
for home use. Experts estimate that the cost of a CD-I
player will soon be lower than the cost of an equivalent
video cassette player. When this happens, CD-I will
challenge video tape for commercial distribution of mov-
ies.
PHOTO CD
Photo CD is a standardized recording system devel-
oped by Kodak for storing high resolution images on CD-
ROM disks. Photo CD “service bureaus” are now
available across the country. These service bureaus will
take your 35mm or professional format film, scan it, and

18 Hard Drive Bible

translate it into images on CD. Each image is scanned at
high resolution, color corrected, and stored in a propri-
etary compressed format called YCC, then placed on
CD-R disks. The recorded images can be reconstructed
in several image resolutions, ranging from 128x192
pixels to 2048 by 3072 pixels in 24 bit color. For fast
access, three image formats are stored in uncompressed
formats at resolutions up to 512x768 pixels. Kodak’s
photo CD software converts their 24 bit YCC chroma and
luminance data into a 3 by 8 bit RGB format usable in
your machine. To save costs, you can use your photo CD
disk more than once. If your disk isn’t completely full,
you may return it to Kodak for additional “multisession”
images. The term “multisession” refers to more than one
photo CD recordings on a single disk. To use a
multisession disk, you will need a CD-ROM drive with
multisession compatible firmware.
QUICK TIME

Apple Computer developed Quick Time as a multi
platform multimedia format standard. Quick time uses a
program called the Movie Manager to combine sound,
animation, and video from compressed files. Quick
Time movies are low resolution (160x120) , but their low
data rate is ideal for CD-ROM storage. Quick Time
offers a choice of software and hardware compression
through a program called Image Compression Manager.

CHOOSING A CD-ROM DRIVE
Insist on the following before purchasing a CD-
ROM drive:
® You must have full MPC compliance.
® You must have full XA compliance.
® You must have MODE-1 and MODE-2 compat
ibility.
® You may want Multisession Photo CD compat
ibility.
® You may want double, triple, 4X or 6X spin
speeds.
® You may want sub 200ms access times.
® You may want a SCSI interface.
® You may want a “caddyless” drive mechanism.
Here’s why: You need MPC, XA, MODE 1, and
MODE 2 to play the wide range of available CD-ROM
disks. You need Multisession if you plan to use Kodak
Photo CD’s. You’ll want double spin or faster if you are
running multimedia games. A faster access time will
help if you’re transferring a volume of small files from
CD-ROM. A SCSI interface is essential for your Mac,
and gives more upgradability for your PC. A “caddyless”
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drive saves you money, by storing disks in jewel cases
instead of caddies.

THE MPC STANDARD

A committee of manufacturers including Microsoft,
Intel, and others has developed two standards called
MPC level 1 and MPC level 2. These standards the
minimum hardware required to run multimedia pro-
grams. These standards are significantly less than we
recommend below.

MPC level 1 standard requires:

® A CD-ROM with access time less than 1000m:s.

o A 386SX CPU with 2MB RAM.

e VGA, 1.33MB Floppy, and an 8 or 16 bit sound

card.
MPC level 2 requires:

® A 486SX CPU with 20MHz or better clock

speed.

As you can see, almost any modern PC or CD ROM
drive exceeds the MPC level 2 compliance recommenda-
tions. So when a drive is touted as “Fully MPC Compli-
ant!”, they really aren’t saying much.

BUILDING A REAL MULTIMEDIA PC

To build a multimedia PC, or to upgrade your
existing PC, you’ll need the following:

® A fast 486 or Pentium processor.

® A VESA or PCI video card.

@ A Sound Blaster 2.0 compatible sound board.

® A double spin or faster CD drive (SCSI is pre

ferred)

® A large hard disk if you plan to manipulate

images.

Stay within your budget, but the faster the proces-
sor the better. If you’re manipulating images in a pro-
gram like Adobe PhotoShop, you may need 16MB or
more memory. Full resolution Kodak Photo CD images
are4.5MB each! A VESA or PCI 32 bit video board with
a Windows accelerator is recommended. A double spin
or faster CD-ROM will help give you smooth video
motion. Most multimedia programs require a Sound
Blaster 2.0 compatible sound card.

CD-R and CD-WO

CD-Risthe new desktop technology which enables
you to write a CD-ROM disk. A CD-R drive plugs right
into your PC, Mac, or SparcStation, and allows you to
burn your own CD’s.
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CD-R drives use the gold media described above
and a high power laser to burn pits into the metallic layer
and write disks. These disks are available in all formats
and lengths, up to 74 minutes. The blank disks are
inexpensive (around $20 in volume). Of course, these
disks can be written only once.

Depending on the mastering software you use, you
may be able to create disks one track at atime, or you may
need to create a complete mastered image on your hard
disk (650MB or more of space is required) and then copy
this image to the CD-R disk. CD-R writers are available
in speeds up to 6X, and they are surprisingly affordable.
CD-R drives are available from CSC and other suppliers.

MASTERING YOUR OWN CD-ROM

Yes! The technology is here today to master your
own CD-ROM. At the time of this printing, publishing
about 100 disks costless than $1000. To master your own
CD, firstread about the available formats. You will need
to understand them and organize your data to be compat-
ible with them.

Next, shop for CD mastering software. This soft-
ware is available in all costs and qualities, from free
public domain programs to professional programs cost-
ing several thousands of dollars. Using this CD master-
ing software, you can organize your data in the correct
file and directory formats required for CD-ROM. Once
your data is ready for mastering, you will need to make
a “One Off” to test your programs. A “One Off” is made
using a CD-R machine as described above. If you plan to
mass produce your disk, it would be better to have the
same company which will mass produce your disk manu-
facture the “one off”. Your data may be transported to
this manufacturing company on Erasable Optical disks,
DAT, on 8MM tape, or by actually shipping them a hard
drive (not recommended). The following companies are
excellent CD-ROM manufacturers:

3M Optical Recording Department
3M Center Building 223

St. Paul, MN 55144-1000

(612) 733-2142

Disk Manufacturing, Inc.
1409 Foulk Road, Suite 202
Wilmington, DE 19803
(416) 298-8190
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Sony Electronic Publishing Company
Recorded Media Division

1800 N. Fruitridge Ave.

Terra Haute, IN 47804

(812) 462-8100

US Optical Disk, Inc.
Eagle Drive

Sanford, NE 04073
(207) 324-1124

O\ INSTALLATION
\ CAUTION!

CD HANDLING HAZARDS

Contrary to popular opinion, CD disks are not as
rugged as they look. While small scratches on the data
side of the disk may not damage data, you can destroy a
disk completely by bending it, writing on the top of the
disk with a ball point pen, or deeply scratching either side
of the disk.

Some data errors can be caused by dust, dirt, or
greasy material on the surface of the disk. A spray bottle
of lens cleaner and a soft lint free rag can be used to
correct this. Treat your CD’s with care and they will last
a lifetime. Consider buying a caddy for each of your
disks, or at bare minimum, store your disks in plastic
jewel boxes.

CD drives are also susceptible to contamination
with microscopic dust particles. When installing an
internal drive, choose the location furthest away from the
fan in your computer to prevent the flow of dust into the
drive.
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PRML Technology

PRML Technology

PRML is an acronym for Partial Response Maxi-
mum 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, let’s first take a 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 ana-
log read channels in the way they detect and separate
recorded data. Analogread channels typically look at the
position of the recorded peaks and use only the peak
positioninformation to recover the recorded data. PRML
channels digitize the height of each peak and compare it
to an average peak value. Once the PRML read channel
has extablished a values for the size and shape of the
peak, it adds this information to the values 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, the PRML read channel can determine what
the weak bit should have been by analyzing it in combi-
nation with its neighboring bits.

The net effect is that bits can be placed closer
together on the magnetic recording media. This means
increased disk capacities without significantly increased
costs.

So how soon will PRML technology actually affect
the performance of available hard drives? Sooner than
you might expect. Mid range drives will be the first to
take advantage of the new technology. Cirrus Logic and
VTC are currently shipping silicon which fully imple-
ments PRML. IBM and others have parts in the design
phase. The current bottleneck seems to be data rate.
Analog read channels are still much faster than their
available PRML counterparts. When this gap closes,
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expect PRML to add 30% to 50% more to existing disk
drive capacities!
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The Enhanced IDE standard proposed by Western
Digital provides a solution to IDE’s three biggest prob-
lems: capacity, performance, 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 limita-
tions went along with it.

The existing IDE interface has a total drive capacity
limitation of 528MB. This constraint comes from the
original IBM MFM controller design which 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 (which started with #1).
This means that all existing PC applications which write
directly to the IBM compatible disk controller 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, IDE is limited to a
528MB maximum capacity.

IDE LIMITATIONS

Heads - 16 Maximum (Numbered O through 15)

Sectors - 63 Maximum (Numbered 1 through 63)

Cylinders - 1024 Maximum
(Numbered 0 through 1023)

Total Blocks - 1,032,192

Maximum Capacity - 528MB with 512 byte sectors

To bypass this limitation, the proposed 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
isenough for the near future. A standard IBM compatible
BIOS has it’s own capacity limitations. BIOS is limited
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to 1024 cylinders, 256 heads, and 255 sectors per track.
This results in a BIOS maximum capacity of 8.4GB.

BIOS LIMITATIONS

Heads - 256 Maximum (Numbered 0 through 255)

Sectors - 63 Maximum (Numbered 1 through 63)

Cylinders - 1024 Maximum
(Numbered 0 through 1023)

Total Blocks - 16,515,072

Maximum Capacity - 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
provided. 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 is also limited in terms of
performance. This is mainly due to the speed of 16 bit
programmed I/O (PIO) data transfers. SCSI host adapt-
ers can transfer data faster than IDE by using bus master-
ing processes programmed memory moves, or Direct
Memory Access. IDE drives must wait for the CPU to
move data, two bytes atatime. 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 perfor-
mance drives they are a serious bottleneck.

To increase performance, Enhanced IDE offers the
option of using faster DMA transfers. To maintain
compatibility, the enhanced IDE drive starts out in PIO
mode, and switches to DMA mode only after a software
driver is loaded. This software driver is specific to the
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operating system being used, i.e. OS/2, DOS, or Win-
dows NT™,

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 proposed solution to
this in Enhanced IDE is called ATAPI. ATAPI stands for
ATA Packet Interface, and it’s design is suspiciously
similar to SCSI. 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 En-
hanced IDE systems. ATAPI provides support for tape,
optical, and CD-ROM drives through a packet messag-
ing system.

At the time of this printing, Enhanced IDE drives
were being produced only by Western Digital. ATAPI
drives were announced, but not yet available. Enhanced
IDEisreally a great ides for breathing new life into a tired
interface. We can only hope that the Enhanced IDE will
catch on, removing the limitations of the original IDE
interface.
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Controller Setup & Jumpering

In PC applications,controller jumpering is often
the first step in installing a new drive and controller. To
correctly jumper the controller, you will need the control-
ler board manual, as well as documentation on the other
boards installed in the system. Settings for some control-
lers 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/O address of your controller can nor-
mally 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 network boards, tape drive controllers, and video
boards before selecting your secondary address.

If you are installing an IDE disk drive, the primary
port address used are 1F0-1F7H and 3F6-3F7H. At the
time of this printing, MS-DOS 6.2 did not support the use
of more than one IDE controller at an alternate (second-
ary) address. IBM's OS/2 Version 2, however, does
support a secondary IDE controller.

If you are designing an I/O mapped controller card
which 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.

ISA Bus Base BIOS Address

If your controller card has a ROM BIOS, you will
need to select a starting address. When selecting a start-
ing BIOS address, add the starting address of the card and
the length of the required I/O space. Make sure that the
address you select will not cause a ROM address conflict
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
512byteblocks. Every system configuration is different,
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but most IBM compatibles have room for a 16K or 32K
BIOS starting at C800H or DOOOH.

Note: Not all motherboard BIOS ROMs will sup-
port controller card BIOS addresses over EOOOH. If you

experience problems, try choosing a BIOS address be-
tween AOOOH and DFFFH.

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 may 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 controllers 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 compat-
ible with the original IBM-XT architecture (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 file. For ex-
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ample, 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=12MB
7 =1.44MB
9=2.88 MB
/H:x  x =number of heads

/S:x  x =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 software drivers. If youhave 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, includ-
ing 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 motherboard 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 control-
ler boards by selecting SYSCLOCK/2 without wait states.
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SYSCLOCK 1/0 Channel .
Read/Write :I\?;gltsgl::s
N Wait States
Over 8 MHz 1 wait state 2 wait
states
8 MHz or less 0 wait states 1102 wait
states

Table A - Recommended C & T, OPTl and ETQ
Wait States

Once your controller is jumpered correctly, pro-
ceed 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.

Note: SYSCLOCK is the CPU clock frequency
of your motherboard. Use extended setup to
choose between

SYSCLOCK, SYSCLOCK, or SYSCLOCK
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

o

5 =10 MHz.

Most Floppy Controllers will work at bus speeds up
to about 10MHz. Many Hard Drive Controllers may 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
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your system contains any expansion cards that use dy-
namic memory. Cards which 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 and Jumpering

Typical IDE Drive Installation

CSC's technical support department is constantly
asked: "What drive parameters should I use to install my
IDE drive?" All modern IDE drives use what is called
"automatic translation". This translation helps the drive
to match itself to the parameters you choose. For ex-
ample, a 80-megabyte drive might have 6 heads, 17
sectors per track, and 1230 cylinders. 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 parameter" 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 configuration.

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 maximum 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
youare 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 CMOS for you.
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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 for-
matting 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 presentin atwo 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 which
indicates drive activity. If the hard drive activity
LED doesn't work on your system, chances are you
need to add an ACT jumper.
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DSO0 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 DSO, DS1,DS2, and DS3.
Others label them DS1, DS2, DS3, and DS4. We will use
the more common convention DS0, DS1, DS2, and DS3
throughout this manual.

MFM, RLL, and ESDI Drive Jumpering

If you are installing a single MFM, RLL, or ESDI
drive in your system, choose DSO0 if your jumpers start

with DSO or choose DS1 if your jumpers start with DS1.
These are actually the same jumpers, just numbered
differently by the drive manufacturer. What you need in
asingle 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).

If your drives have And you are installing:
A "
:E;‘:e':::ﬁ 1 Drive with a 2 Drives with a 2 Drives with a
' flat cable twisted cable flat cable
Set C: to DSO Set C: to DS1 Set C: to DS0
DS0 to DS3 SetD:toDS1 | SetD: to DS
DS1 to DS4 Set C: to DS1 Set C: to DS2 Set C: to DS1
Set D: to DS2 Set D: to DS2

Table B - MFM, RLL, and ESDI Drive Jumpering

SCSI Drive Jumpering

SCSI drive jumpering is an altogether different
story. SCSI drives usually use three jumpers for address-
ing. The eight possible on/off configurations of these
jumpers represent eight SCSI addresses. Normally these
jumpers follow a straight-forward binary sequence with
the lowest numbered 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 which selects
the source of terminator 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 which 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 provided because the
power requirements are much higher during spin-up than
itis 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.
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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 process with these cards
can become quite involved.

If you are using a CSC FastCache™, you will need
torun 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 un-
changed. Nice, huh?

Most other SCSI controllers such as the CSC AK-
47™ VESA SCSI-II 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 Gabling

IDE Drive Cabling

IDE (Imbedded Drive Electronics) interface disk
drives use a 40-pin interface cable. This cable connects
the drive logic (with imbedded controller) to a bus
adapter card. This adapter is usually called a “paddle
board”. The paddle 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, asecond
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 inter-
face 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 installation, 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.

The floppy and hard drive cables in a standard AT
look suspiciously 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 MFM or RLL hard drives must have only five
conductors in the twist. See the cable chart at the end of
this section.
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Single Drives (MFM, RLL or ESDI) Cables

Cabling a single drive MFM, RLL, or ESDI system
iseasy. Use a standard 20-pin flat data cable and a 34-pin
control cable with no twist. A word of caution: watch out
forpinone. Pin one is identified by ared stripe on one side
of the cable. This side of the cable must be connected
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. Revers-
ing the data cable can cause dam<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>