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DISK DRIVE ACCESSING SYJ
' ACCESSING A DISK DRIVE

The present invention relates to a disk drive
accessing system and to a method for accessing a disk
drive. ' | '

Hard disk data storage systems contain one or more
magnetic disks on which data is stored in sectors which
lie in concentric tracks on the disks. A transducer (or
head) flies above a track and writes, or magnetically
encodes, the data in a sector on the track. The head
is also capable of reading the magnetically encoded data
from the sectors. |

An electro-mechanical actuator operates within a
negative feed back, closed'lbop servo system. The
actuator moves the head radially for track seek

. operations and holds the transducer directly over a

track for track following operations.

Typically, a stack of disks is mounted on a
spindle. Each surface on each magnetic disk has ocne
corresponding head. All the heads are moved together by

. the electro-mechanical actuator to different tracks on

the disk surface. The collection of the tracks under
all the heads at any.given radial position along the
disk stack is known as a cylinder. Data read from the
sectors by the heads is demcdulated in a disk drive
interface and provided to a host computer.

In the past, serial or'classical'disk drive
interfaces (such as the ESDI or STS506 interfaces)
demodulated the data read from the track on a magnetic
disk and provided it in serial form. An additional
component, known as a disk drive controller, checked
the integrity of the data provided by the serial disk
drive interface and converted the serial flow of data
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The PC-AT type host cbmputer contains a table of disk
drive types, which correspond to the drive types with
which the host computer will operate. That table
contains the number of cylinders, heads and sectors per
track for each drive type entered in the table. This
table is fixed in a Basic Input/Output System (BIOS) ROM
located in the host computer. '

A power up program, which is also stored in the
BIOS ROM; provides the disk drive controller with. the
disk drive parameters, from the table, which correspond
to the disk drive type with which the host computer is
programmed tQ operate. The disk drive controller then
configures itself to match the table entry corresponding
to the disk drive parameters provided by the power up
program.

However, all disk drive types included in the
table in the IBM PC-AT computer use a sector number of
seventeen sectors per track. This fixed table imposes a
limitation on the maximum disk drive capacity that the

host computer can access. In other words, if the host

computer cannot command a disk drive to configqure itself
for more than seventeen sectors per track because of the
fixed table in the BIOS ROM, the computer is unable to
access the maximum capacity for some high capacity disk
drives, which are installed for operation with the host
computer. This is an increésing problem with the
advances currently béing made in enlarging disk
capac1ty

The computer typically addresses the disk drive
through BIOS calls. Presently, typical BIOS programs
allow up to one thousand and twenty four cylinders,
sixteen heads and sixty four sectors per track to be
addressed. Hence, the maximum disk drive capacity
addressable by the BIOS is 1,048,576 blocks (536,870,912
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bytes). But, if the computer cannot address more than
seventeen sectors per track pecause of the fixed list in
the BIOS, the addressable disk drive capacity is cut
down to 278,528 blocks (142,606,336 bytes).

According to the present invention, in one aspect,
there is provided a disk drive accessing system for
retrieving data from and writing data to a disk drive,
comprising a system controller having a basic input/
output system memory device containing an address.
parameter table corresponding to a pre-determined type
of disk drive whereby the system controller can access
address locations on a disk drive in operation based on
address parameters in the address parameter table, an
adapter for coupling the system controller to the disk
drive, and characterised by an instruction device
carried by the adapter and configured to cause the
system controller to identify the respective disk drive
and to revise the address parameter table, used by the
system controller for accessing the address locations on
the disk drive, to correspond to the respective disk
drive identified.

Advantageously, the instruction device is arranged
to cause the system controllef to prepare a revised
address parameter table, which is suitable for use by
the system controller to access substantially all of the
address locations on the identified disk drive. The
system controller may achieve this by co-operating with
disk drive configuring means for configuring the disk
drive based on the revised address parameter table
whereby substantially all the address locations on the

identified disk drive are accessible by the system

controller. _
According to the present invention, in another
aspect, there is provided a method for accessing a disk

erati ons and hol ds the transducer directly over a traek—for—track -
ol | ow ng operations. Typically, a stack of disks is

| | nt g @
X Each surface on each magnetic di sk ‘has onet® 3 B |I§e h
Al the heads are noved together by the el ectromechan ‘M“ N h

ead.
0
nder



di sk stack is known as a cylinder. Data read fromthe sectors by
he heads is denodul ated in a disk drive interface and- provided to .a. host.

fonputer. In the past, serial or classical disk drive ipterfaces (such as
‘the ESDI or ST506 interfaces) 30 denodul ated the dat'q) B ed
track on a magnetic disk and provided it in serial form u "1
conponent, known as a disk drive controller, checked

drive employing a system controiler having a basic

‘input/output system memory device containing an address

parameter table corresponding to a pre-determined type

of disk drive, wherein the system controller accesses

address locations on the disk drive based on address
parameters in the address parameter table, characterised
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by identifying the respective disk drive and revising
the address parameter table used by the system
controller for accessing the address locations on- the
ﬁ.’o ‘disk drive to correspond to the respective disk drive
~identified.

Preferably, the present invention takes advantage
of a built in feature in a BIOS powér'up program, which
orders a host computer to search for and execute BIOS

15 extensions during a power up sequence. By taking
advantage of this built in'feature, the present
invention may adapt a disk drive accessing system for
accessing a storage capacity on at least one disk drive.

The present invention also provides a method of

20 accessing a disk drive characterised by accessing a
basic input/output system extension memory device to
retrieve BIOS extension instructions, comprising
identifying the disk drive to be accessed, determining
address parameters for the disk drive identified, the

15 address parameters corresponding to substantially the
maximum storage capacity of the disk drive identified,
providing the address parameters to the disk drive
" accessing system, the address parameters suitable for
being used by the accessing system in accessing the
30 maximum storage capacity of the disk drive, and
configuring the disk drive being accesséd using the
address parameters determined.
Preferably, in the above method,'én address
parameter table corresponding to a pre-determined type
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of disk drive is retrieved and is written to an
operations memory device, and this address parameter
table is revised based on the address parameters deter- .
mined for the identified disk drive. The address
parameter table may, for example, be revised by
replacing the location of the address parameter table in
the operations memory device with the location of the
determined address parameters.

(W1

The present invention, 1in a still further'aspect,

'..lO provides a data storage system comprising: a disk drive

having address locations for storing data, a system
controller suitable for accessing the address locations
on the disk drive to retrieve data from the disk drive
and to write data to the disk drive, an adapter for

15 . coupling the system controller to the disk drive, and
characterised by memory means carried by the adapter for
storing instructions for the system controller.

Preferably, the memory means of the above system
comprise a BIOS extension memory including a program

20 sequence for instructing the system controller to
identify the disk drive type and to revise accordingly
an address parameter table, which corresponds to a pre-
determined disk drive type and which is stored in a
memory of the system controller.

25 The system controller may comprise an operational
memory for storing instructions for the system
controller to be accessed by the system controller
during operation. In use, a location of the revised
address parameter table may be transferred by the system

30 controller to the operational memory such that the
location of the revised address parameter table effec-
tively replaces a location in the operational memory of
the address parameter table corresponding to a pre-
determined disk drive type.

) -




_onbuter Mre recently, disk drive interfaces have been-5-—..___ designed
th nore intelligence than the classical or serial -di gsdrlve i nterfaces.
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of disk drive is retrieved ahd is written to an
operations memory device, and this address parameter
table is revised based on the address parameters deter-
mined for the identified disk drive. The address
parameter table may, for example, be revised by
replacing the location of the address parameter table in
the operations memory device with the location of the
determined addresé parameters.

S )

The present invention, in a still further aspect,
“10 provides a data é‘torage system comprising: a disk drive
having address locations for storing data, a system
controller suitable for accessing the address locations
on the disk drive to retrieve data'f;om the disk drive
and to write data to the disk drive, an adapter fbr

15 coupling the system controller to the disk drive, and
characterised by memory means carried by the adapter for
storing instructions for the system controller.

Preferably, the memory means of the above system
comprise a BIOS extension memory including a program

20 sequerice for instructing the system controller to
identify the disk drive type and to revise accordingly
an address parameter table, which corresponds to a pre-
determined disk drive type and which is stored in a
memory of the system controller.

25 The system controller may comprise an operational
memory for storing instructions for the system
controller to be accessed by the systém controller
during operation. In use, a location of the revised
address parameter'table may be transferred by the system

30 controller to the operational memory such that the
location of the revised address parameter table effec-
tively replaces a location in the operational memory of
the address parameter table correspondlng to a pre-
determined disk drive type.
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The present invention is described further, by way
of example, with reference to the accompanying drawings,
in which:-

Figure 1 is a block diagram of a data storage
system; '

Figure 2 is a top view of a disk in the data
storage system shown in Figure 1; _

Figure 3A is a more detailed block diagram of a
host computer and adapter of a prior art data storage
system; |

Figure 3B is a more detailed block diagram of'a
host computer with adapter of a data storage system
according to the present invention; and

Figure 4 is a block diagram of an alternative
embodimént of data storage system according to the
present invention. _ '

' Figure 1 is a block diagram of a hard disk data
storage system 10, which includes a host computer 12,
an adapter 13 and a disk drive 14. The disk drive 14
includes a disk drive controller 16, conditioning logic
18, a rotary actuator 20, transducers or read/write
heads 22, 24, 26, 28, 30, 32, 34, 36, 38 and 40 (heads
22 to 40), magnetic disks 42, 44, 46, 48 and 50 (disks
42 to 50) and a spindle 52. During operation of the
disk drive 14, the disks 42 to 50 spin with the spindle
52. The heads 22 to 40 fly above the disks 42 to 50
either reading magnetically encoded data from the
surfaces of the disks 42 to 50 or encoding (writing)
information on the disk surfaces. While reading
information, the heads 22 to 40 produce signals repre-
Sentative of the data on the disk surfaces and provide
those signals to the conditioning logic 18. The
conditioning logic 18 conditions the signals and
Provides them in serial form to the drive controller 16.

put / out put’

" de parall el data to the host conmputer. These intelligent interfaces
ve typically been coupled to the host conputer at an

(+/ 0.
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This flow of information from the heads 22 to 40 to the
drive controller 1 is indicated by arrows 54 and 56.

The drive controller 16, in turn, converts the
serial data received from the conditioning logic 18 into
parallel data and provides it to the adapter 13. The
adapter 13 adapts the information received from the
drive controller 16 for compatibility with a data bus in
the host computer 12. The host computer 12 also provides
the adapter 13 with control informatién for the disk
drive 14. The adapter 13 adapts the information
received from the host computer 12 for compatibility
with the drive controller 16. Based on that control
information and position error'information read from the
disks 22 to 40, the drive controller 16 provides
control signals to the conditioning logic 18 and the
actuator 20. This is indicated by arrows 58 and 60.

The control signals provided by the drive
controller 16 to the cbnditioning logic 18 dictate, for
example, the datg_df which head should be demodulated
by the conditioning logic 18 and provided to the drive
controller 16. The control signals provided to the
actuator 20 cause the actuator 20 to rotate. Rotation of
the actuator 20 causes the heads 22 to 40 to move
radially with respect to the disks 42 to 50.

Figure 2 shows a typical disk surface. The
surface of the disk 42 contains a plhrality of tracks.
For clarity, only two tracks, 62 and 64 are shown in
Figure 2. Each track on the surface bf the disk 42 is
divided into sectors. The sector divisions on the track
62 are indicated by the radially oriented lines 71, 73,
1s, 77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99 and
101. The head 22 is positionéd over a sector 68 of the
track 62 on the disk 42. As the disk 42 rotates in the
direction indicated by arrows 66, the head 22 flies
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di sk drive types.
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above the track 62 and data is read from or written to

the track 62.

As the actuator 20 rotates and moves the heads 22
to 40, the head 22 moves radially with respect to the
disk 42 along an arc indicated by arrows 70. All the.
heads are moved together as the actuator 20 rotates.
Therefore, the heads 22 to 40 are simultaneously moved
over corresponding tracks on each disk as the actuator
20 rotates. The collection of tracks under the heads 22
to 40 at a given radial position is known as a cylinder.
Therefore, the number of cylinders and the number of
tracks per surface on the disks 42 to 50 is the same.
Also, the number of tracks per cylinder is the same as
the number of the heads 22 to 40 in the disk drive 14.

An individual data sector on one of the disks 42
to 50 is addressed by its cylinder address, head
address and sector number. The term '"address" in
cylinder address and head address implies a number in a
sequence starting with 0. The term "number" in sector
number implies a humber in a sequence starting with 1.
For example, the first sector available in the disk
drive 14 is addressed as cylinder 0, head 0 and sector
1. Hence, when the host computer 12 accesses a
particular sector or sectors on one of the disks 42 to
50, it specifies to the drive controller 16 the
requested sector number, head address and cylinder
address. The drive controller 16, in turn, causes
the actuator 20 to move the heads 22 to 40 to the
correct cylinder. The drive controller 16 also controls
the conditioning logic 18 to demodulate information from
the correct head. _

Figure 3A is a more detailed block diagram of the
host computer 12 and adapter 13 in the prior art. The
host computer 12 includes a CPU 72, a CMOS RAM 74, a
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BIOS ROM 76, a system RAM 102 and, in this embodiment,
a ninety eight pin I/0 connector 78. The adapter 13
includes a ninety eight pin edge connector 80, decoding
logic 82 and a forty pin connector 86. The decoding
logic 82 adapts information sent by either the CPU 72 or
the drive controller 16 for compatibility with the '

(S 19

ninety eight pin data bus configuration of the host
computer 12, or the forty pin data bus configuration of
_ the drive controller 16, respectively. |
‘!.10 The host computer 12 is a typical PC-AT type
computer. Therefore, it contains a table of disk drive
types, which is fixed in the BIOS ROM 76. The table
defines the number of cylinders, heads and sectors per
track for each drive type in the table. During power
15 up, the CPU 72 accesses the BIOS ROM 76 for power up
instructions. A BIOS power up program causes the CPU 72
to retrieve a drive type from the CMOS RAM 74, which
allows the CPU 72 to retrieve the appropriate drive
parameters from the BIOS ROM 76. The location of the
20 drive parameter table in the BIOS ROM 76 is then stored
by the CPU 72 in the system RAM 102. The location of
the table is then available to the CPU 72 from the
system RAM 102 for as long as the computer remains
powered. The drive parameters in the BIOS ROM 76
25 corresponding to the drive type stored in the CMOS RAM
74, themselves, correspond'to the drive type which the
host computer 12"expects to be installed. Then, before
accessing the disk drive 14, the CPUE72 retrieves the
: address parameters stored in the BIOS ROM 76 at the
30 location indicated in the CMOS RAM 102 and sends them,
via the adapter 13, to the drive controller 16. The
drive controller 16 then configures the disk drive 14
for being accessed according to the drive parameters
sent by the CPU 72.

) .
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However, where the actual physical storage
capacity of the disk drive 14 is greater than any of the
disk drive types present in the table in the BIOS ROM
76, “the host computer 12 is incapable of accessing the
entire physical storage capacity of the disk drive 14.
Hence, some of the physical storage capacity of the
disk drive 14 is wasted. '

(S 1Y

Figure 3B is a block diagram of the host computer
12 and adapter 13 of the present invention. The
“0 components of Figure 3B are the same as those shown in
Figure 3A except that a BIOS extension 84 is added to
the adapter 13.
- When the CPU 72 accesses the BIOS ROM 76 during
the power up program, one of the operations in the
15 power up sequence is that the CPU 72, after executing
the instructions of the BIOS ROM 76, looks for any
BIOS extensions which are to be accessed for instruc-
tions to be executed during power up. Upon looking for
a BIOS extension, the CPU 72 locates the BIOS extension
20 84.
In this preferred embodiment, the BIOS extension
84 is a programmable read only memory (PROM) containing
several instructions. First, the BIOS extension 84
instructs the CPU 72 to interrogate the disk drive 14
15 and identify its actual type (i.e. its actual physical
configufation). This can be done either by retrieving a
model number from the drive controller 16 or by
retrieving the actual phyéical capacity of the disk
drive 14. Then, the CPU 72 is instructed to determine
address parameters, such as the number of cylinders,
the number of heads and the number of sectors per track
for the disk drive 14. The CPU 72 sends this information
to the drive controller 16 which, in turn, configures
the disk drive 14 for being accessed.

30
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Also, the BIOS extension 84 instructs the CPU 72
to store the location of the drive parameters for the
identified drive; which are tabulated and stored in the
BIOS extension 84, into the system RAM 102. Hence,
after power up, and during operation of the data storage
system 10, the CPU 72 does not need to interrogate the
disk drive 14 each time it accesses the disk drive 14.
Rather, all of the essential addféss'parameters are
stored in the BIOS extension 84 for ready access by the
CPU 72.

Figure 4 is a block diagram of another embodiment
of the preéegt invention. The data storage system shown
in Figure 4 is the same as that shown in Figure 1 except
that a second disk drive 88 is added to the data storage
system. The disk drives 14 and 88 are coupled in a
known master/slave relationship. The BIOS extension 84
in the adapter 13 operates in the same way as described

"with reference to Figure 3B except that it instructs the

CPU 72 not only to interrogate and determine drive
parameters for the disk drive 14 but also to interrogate
and determine drive parameters for the disk drive 88.
The location of the drive parameters in the BIOS
extension 84, which are appropriate for the drlve 88, is
stored in the system RAM 102 as well.

The only additional step which must be taken is
that the host computer 12 must be initialised to
recognise the. number of driﬁes attached. However, the
type of drive attached and its corresponding address
parameters are automatically provided to the CPU 72 by
instructions in the BIOS extension 84.

It should be noted that the adapter board 13 is
capable of being provided with hardware jumpers to allow
the location of the BIOS extension 84 in the system -
memory to be selectable. This reduces the possibility
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of conflict with memory space occupied by other BIOS
extensions located on other adapters 13.

The present invention allows the entire physical
storage capacity of even high capacity disk drives to be
utilised by a host computer. By using a BIOS extension
to accomplish'this,' the high capacity disk drives used
are automatically integrated into an-existing system.
This eliminates re-writing the BIOS stored in the BIOS
ROM 76 and thereby possibly creating other problems in
’10 the operating system of the host computer 12.

Also, by mounting the BIOS extension 84 in the
‘adapter 13, hardware need not be added to mother boards

(1}

in the host computer 12. This eliminates any re-design
or re—-layout of the hardware in the host computer 12.
15 In addition, many customers who contemplate buying
high capacity disk drives require that they have a
chance to evaluate the disk drives before purchasing
them. With the present invention, the adapter 13 can
be coupled to any high capacity disk drive and the disk
20 drive can be evaluated with no change whatsoever to the
potential customer's system.
Also, the present invention allows future disk
drive designs, with even larger capacities, to be .
automatically integrated with existing host computer
25 systems. No additional programming is required of the
BIOS in the BIOS ROM 76 or that in the BIOS extension
84. This allows the full capacity of these disk drives
- to be used even in-systems which lack appropriate drive
type tables in the BIOS ROM 76.

30
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CLAIMS

1. A disk drive accessing system for retrieving data
from and writing data to a disk drive, comprising a
systéﬁ controller (12) having a basic input/output
system (BIOS) memory device (76) containing an address

A% 1%

parameter table corresponding to a pre-determined type
of disk drive whereby the system controller can access
address locations on a disk drive in operation based on

[~ ]

address parameters in the address parameter table, an
adapter (13) for coupling the system controller to the
disk drive, and characterised by an instruction device
(84) carried by the adapter and configured to cause the
system controller to identify the respective disk drive
and to revise the address parameter table, used by the
system controller for accessing the address locations on

—
w

the disk drive, to correspond to the respective disk
drive identified.
2. A system acdording to claim 1 characterised in
that the system controller comprises an operational

" memory (102) for storing instructions for access during
operation, the operational memory including a location
for the address parameter table, and in that the

35 instruction device is arranged to replace the location

20

for the address parameter table with a location for
address parameters for the respective disk drive for
revising the address parameter table.
3. A system according to claim 1 or 2 characterlsed
m' in that the instruction device is arrange to identify a
maximum number of cylinders, a maximum number of heads
and a maximum number of sectors in the respective disk
drive for determihing a revised address parameter table
'such that substantially all the address locations on the

)



4 gytes). But, if the conputer cannot address nore than seventeen sectors.
) track because- of the Fixed—++st in the BICGS, the addressable disk dr|ve
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respective disk drive are accessible by the system
controller during operation. |

4. A system according to any of claims 1 to 3
chafacterised in that the BIOS memory device includes a
power up routine and in that the instruction device is
arranged to cause the system controller to identify the
respective disk drive and to revise the address

wn

: parameter table during execution of the péwer up
P routine.

'*10 5, A system according to any of claims 1 to 4
characterised in that the instruction device is

configured to cause the system controller to identify
each of a plurality of respective disk drives and to
determine an associated revised address pafameter table

15 corresponding to each of the plurality of respective
disk drives identified whereby the address locations on
each of the plurality of respective disk drives are _
accessible by the system controller during operation.
6. A system according to any preceding claim |

20 characterised in that the instruction device comprises a
BIOS extension memory device.
7. A method for accessing a disk drive employing a

’ system controller (12) having a basic input/output

system (BIOS) memory device (76) containing an address

25 parameter table corresponding to a pre-determined type
of disk drive, wherein the system controller accesses
address locations on the disk drive based on address
parameters in’ the address parameter table, characterised
by identifying the respective disk drive and revising

30 the address parameter table used by the system

controller for accessing the address locations on the
disk drive to correspond to the respective disk drive
identified. _
8. - A method according to claim 7 characterised in

P N
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respective disk drive to identify a maximum number of
cylinders, a maximum number of heads and a maximum
number of sectors in the respective disk drive, and in
that the step of revising the address parameter table
comprises determining address parameters corresponding'
to said maximum number of cylinders, heads and sectors
and revising the address parameter table based on the
determined address parameters.

9. A method according to claim 7 or 8 characterised
in that the steps of identifying and revising are
performed during a power up sequence.

10. A method according to any of claims 7 to 9
characterised in that the step of identifying comprises
identifying each of a plurality of réspective disk
drives, and in that the step of revising comprises
determining address parameters for each of the plurality
of respective disk drives and respectively revising the
address parameter table based on the determined address
parameters for each of the plurality of respective disk
drives.

11. A method of accessing a disk drive characterised
by accessing a basic input/output system (BIOS)
extension memory device to retrieve BIOS extension
instructions, comprising identifying the disk drive to
be accessed, determining address parameters for the disk
drive identified, the address parameters corresponding
to substantially the maximum storage capacity of the
disk drive identified, providing the address parameters
to the disk drive accessing system, the address

‘parameters suitable for being used by the accessing

system in accessing the maximum storage capacity of the
disk drive, and configuring the disk drive being
accessed using the address parameters determined.
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DISK DRIVE ACCESSING SYSTEM AND METHOD OF
ACCESSING A DISK DRIVE

ABSTRACT

The present invention provides a disk drive
accessing system for retrieving data from and writing
data to a disk drive. The system comprises a system
controller (12) having a basic input/cutput system
(BIOS) memory device (76) containing an address
parameter table corresponding to a pre-determined type
of disk drive whereby the system controller can access
address locations on a disk drive in operation based on
address parameters in the address parameter table. An
adapter (13) is also provided for coupling the system
controller to the disk drive. The adapter carries an
instruction device (84), which is configured to cause
the system controller to identify the respective disk
drive and to revise the address parameter table, used
by the system controller for accessing the address
locations on the disk drive, to correspond to the
respective disk drive identified.

[Figure 3B]
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DISK DRIVE ACCESSING SYSTEM AND METHOD OF
ACCESSING A DISK DRIVE

The present invention relates to a disk drive
accessing system and to a method for accessing a disk
drive.

Hard disk data storage systems contain one or more
magnetic disks on which data is stored in sectors which
lie in concentric tracks on the disks.
head) flies above a track and writes,
the data in a sector on the track.

or magnetically
The head
is also capable of reading the magnetically encoded data-

encodes,

from the sectors.

An electro-mechanical actuator operates within a
negative feed back, closed loop servo system. The
actuator moves the head radially for track seek
operations and holds the transducer directly over a
track for track following operations.

TYpically, a stack of disks is mounted on a
spindle. Each surface on each magnetic disk has one
corresponding head. All the heads are moved together by
the electro-mechanical actuator to different tracks on
the disk surface. The collection of the tracks under
all the heads at any given radial position along the

disk stack is known as a cylinder. Data read from the

'sectors by the heads is demodulated in a disk drive

interface and provided to a host computer.

In the past, serial or classical disk drive
interfaces (such as the ESDI or STS506 interfaces)
demodulated the data read from the track on a magnetic
disk and provided it in serial form. An additional
component, known as a disk drive controller, checked
the integrity of the data provided by the serial disk

drive interface and converted the serial flow pf data

A transducer (or
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The PC-AT type host computef contains a table of disk
drive types, which correspond to the drive types with
which the host computer will operate. That table
. contains the number of cylinders, heads and sectors per
‘track for each drive type entered in the table. This
table is fixed in a Basic Input/Output System (BIOS) ROM
located in the host computer.

A power up program, which is also stored in the
BIOS ROM, provides the disk drive controller with. the
disk drive parameters, from the table, which correspond
to the disk drive type with which the host computer is
programmed tQ operate. The disk drive controller then
configures itself to match the table entry corresponding
to the disk drive parameters provided by the power up
program.

' However, all disk drive types included in the
table in the IBM PC-AT computer use a sector number of
seventeen sectors per track. This fixed table imposes a
limitation on the maximum disk drive capacity that the
host computer can'access. In other words, if the host
computer cannot command a disk drive to configure itself
for more than seventeen sectors per track because of the
fixed table in the BIOS ROM, the computer is unable to
access the maximum capacity for some high capacity disk
drives, which are installed for operation with the host
computer. This is an increasing probleﬁ with the
advances currently being made in enlarging disk
capacity.

The computer typically addresses the disk drive
through BIOS calls. Presently, typical BIOS programs
allow up to one thousand and twenty four cylinders,
sixteen heads and sixty four sectors per track to be
addressed. Hence, the maximum disk drive capacity
‘addressable by the BIOS is 1,048,576 blocks (536,870,912



in which:- Figure 1 is a block diagramof a data ‘\pa st em
Figure 2 is atop viewof a disk in the data stor ifn Figure

1;" Figure 3Ais a nore detailed block diagram of Ja |host conputer fard
adapter of a prior art data storage system 0 2DEC 1996
4 .

bytes). But, if the computer cannot address more than
seventeen sectors per track because of the fixed list in
the BIOS, the addressable disk drive capacity is cut
down to 278,528 blocks (142,606,336 bytes).

According to the present invention, in one aspect,
there is provided a disk drive accessing system for
retrieving data from and writing data to a disk driVe,
comprising a system controller having a basic input/
output system memory device containing an address
parameter table corresponding to a pre-determined type
of disk drive whereby the system controller can access
address locations on a disk drive in operation based on
address parameters in the address parameter table, an
adapter for coupling the system controller to the disk
drive, and characterised by an instruction device
carried by the adapter and configured to cause the
system controller to identify the respective disk drive
and to revise the address parameter table, used by the
system controller for accessing the address locations on
the disk drive, to correspond to the respective disk
drive identified.

- Advantageously, the instruction device is arranged
to cause the system controller to prepare a revised
address parameter table, which is suitable for use by
the system controller to access substantially all of the
address locations on the identified disk drive. The |
éystem controller may achieve this by co-operating with
disk drive configuring means for configuring the disk
drive based on the revised address parameter table
whereby substantially all the address locations on the
identified disk drive are accessible by the system
controller.

According to the present iﬁvention, in another
aspect, there is provided a method for accessing a disk
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drive employing a system controller hav1ng a basic
input/output system memory device containing an address

parameter table corresponding to a pre-determined type
of disk drive, wherein the system‘controller accesses
address locations on the disk drive based on address
parameters in the address parameter table, characterised
by identifying the respective disk drive and revising
the address parameter table used by the system
controller for accessing the address locations on- the
disk drive to correspond to the respective disk drive
identified.

Preferaply, the present invention takes advantage
of a built in feature in a BIOS power up program, which
orders a host computer to search for and execute BIOS
extensions during a power up sequence. By taking
advantage of this built in feature, the present
invention may adapt a disk drivé accessing system for
accessing a storage capacity on at least one disk drive.

The present invention also provides a method of
accessing a disk drive characterised by accessing a
basic input/ocutput system extension memory device to
retrieve BIOS extension instructions, comprising
identifying the disk drive to be accessed, determining
address parameters for the disk drive identified, the |
address parameters corresponding to substantially the
maximum storage capacitf of the disk drive identified,
providing the address parameters to the disk drive
accessing system, the address parameters suitable for
being used by the accessing system in accessing the
maximum storage capacity of the disk drive, and
configuring the disk drive being accessed using the
address parameters determined.

Preferably, in the above method, an address
parameter table corresponding to a pre-determined type
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of disk drive is retrieved and is written to an
operations memory device, and this address parameter
table is revised based on the address parameters deter-
mined for the identified disk drive. The address
parameter table may, for example, be revised by
replacing the location of the address parameter table in
the operations memory device with the location of the
determined address parameters.

The present invention, in a still further aspect,
provides a data storage system comprising: a disk drive
having address locations for storing data, a system
controller suitable for accessing the address locations
on the disk drive to retrieve data from the disk drive
and to write data to the disk drive, an adapter for
coupling the system controller to the disk drive, and
characterised by memory means carried by the adapter for
storing instructions for the system éontroller.

Preferably, the memory means of the above system
comprise a BIOS extension memory including a program
sequence for instructing the system controller to
identify the disk drive type and to revise accordingly
an address parameter table, which corresponds to a pre-
determined disk drive type and which is stored in a
memory of the system controller.

The system controller may comprise an operational
memory for storing instructions for the system
controller to be accessed by the system controller
during operation. In use, a location of the revised
address parameter table may be transferred by the system
controller to the operational memory such that the -

location of the revised address parameter table effec-

tively replaces a location in the operational memory of
the address parameter table corresponding to a pre-
determined disk drive type.
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of disk drive is retrieved and is written to an
operations memory device, and this address parameter
table is revised based on the address parameters deter-
mined for the identified disk drive. The address
parameter table may, for example, be revised by
replacing the location of the address parameter table in
the operations memory device with the location of the
determined address parameters. |

The present invention, 1in a still further aspect,
provides a data storage system comprising: a disk drive
having address locations for storing data, a system
controller suitable for accessing the address locations
on the disk drive to retrieve data from the disk drive
and to write data to the disk drive, an adapter for
coupling the system controller to the disk drive, and
characterised by memory means carried by the adapter for
storing instructions for the system controller.

Preferably, the memory means of the above systém
comprise a BIOS extension memory including a program
sequence for instructing the system controller to
identify the disk drive type and to revise accordingly
an address parameter table, which corresponds to a pre-
determined disk drive type and which is stored in a
memory of the system controller. '

The system controller may comprise an operational
memory for storing instructions for the system
‘controller to be accessed by the system controller
during operation. In use, a location of the revised
address parameter table may be transferred by the system
controller to the operational memory such that the
location of the revised address parameter table effec-—
tively replaces a location in the operaticnal memory of
the address parameter table corresponding to a pre-
determined disk drive type.
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The present invention is described further, by way
of example, with reference to the accompanying drawings,
in which:-

Figure 1 is a block diagram of a data storage
system;

Figure 2 is a top view of a disk in the data
storage system shown in Figure 1;

Figure 3A is a more detailed block diagram of a
host computer and adapter of a prior art data storage
system;

Figure 3B is a more detailed block diagram of a
host computer with adapter of a data storage system
according to the present invention; and

Figure 4 is a block diagram of an alternative
embodiment of data storage system according to the
present invention.

Figure 1 is a block diagram of a hard disk data
storage system 10, which includes a host computer 12,
an adapter 13 and a disk drive 14. The disk drive 14
includes a disk drive controller 16, condit{bning logic
18, a rotary actuator 20, transducers or read/write
heads 22, 24, 26, 28, 30, 32, 34, 36, 38 and 40 (heads
22 to 40), magnetic diské 42, 44, 46, 48 and 50 (disks
42 to 50) and a spindle 52. During dperation of the
disk drive 14, the disks 42 to 50 spin with the spindle
52. The heads 22 to 40 fly above the disks 42 to 50

‘either reading magnetically encoded data from the
surfaces of the disks 42 to 50 or encoding (writing)
information on the disk surfaces. While reading _
information, the heads 22 to 40 produce signals repre-
sentative of the data on the disk surfaces and provide
those signals to the conditioning logic 18. The
conditioning logic 18 conditions the signals and
Provides them in serial form to the drive controller 16.
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This flow of information from the heads 22 to 40 to the
drive controller 1 is indicated by arrows 54 and 56.

The drive controller 16, in turn, converts the
serial data received from the conditioning logic 18 into
parallel data and provides it to the adapter 13. The
adapter 13 adapts the information received from the
drive controller 16 for compatibility with a data bus in
the host computer 12. The host computer 12 also provides
the adapter 13 with control information for the disk
drive 14. The adapter 13 adapts the information
received from the host computer 12 for compatibility
with the drive controller 16. Based on that control
information and position error information read from the
disks 22 to 40, the drive controller 16 provides
control signals to the conditioning logic 18 and the
actuator 20. This is indicated by arrows 58 and 60.

The control signals provided by the drive
controller 16 to the conditioning logic 18 dictate, for
example, the data of which head should be demodulated
by the condltzonlng logic 18 and provided to the drive
controller 16. The control signals provided to the
actuator 20 cause the actuator 20 to rotate. Rotation of
the actuator 20 causes the heads 22 to 40 to move
radially with respect to the disks 42 to 50.

Figure 2 shows a typical disk surface. The
surface of the disk 42 contains a plurality of tracks.
For clarity, only two tracks, 62 and 64 are shown in
Figure 2. Each track on the surface of the disk 42 is
divided into sectors. The sector divisions on the track
62 are indicated by the radially oriented lines 71, 73,
s, 77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99 and
101. The head 22 is positioned over a sector 68 of the
track 62 on the disk 42. As the disk 42 rotates in the

direction indicated by arrows 66, the head 22 flies
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above the track 62 and data is read from or written to
the track 62. '

As the actuator 20 rotates and moves the heads 22
to 40, the head 22 moves radially with respect to the
disk 42 along an arc indicated by arrows 70. All the
heads are moved together as the actuator 20 rotates.
Therefore, the heads 22 to 40 are simultaneously moved
over corresponding tracks on each disk as the actuator
20 rotates. The collection of tracks under the heads 22
to 40 at a given radial position is known as a cylinder.
Therefore, the number of cylinders and the number of
tracks per surface on the disks 42 to 50 is the same.
Also, the number of tracks per cylinder is the same as
the number of the heads 22 to 40 in the disk drive 14.

An individual data sector on one of the disks 42
to 50 is addressed by its cylinder address, head
address and sector number. The term "address" in
cylinder address and head address implies a number in a
sequence starting with 0. The term "number" in sector
number implies a number in a sequence starting with 1.
For example, the first sector available in the disk
drive 14 is addressed as cylinder 0, head 0 and sector
1. Hence, when the host computer 12 accesses a
particular sector or sectors on one of the disks 42 to
50, it specifies to the drive controller 16 the
requested sector number, head address and cylinder

. address. The drive controller 16, in turn, causes

the actuator 20 to move the heads 22 to 40 to the
correct cylinder. The drive controller 16 also controls
the conditioning logic 18 to demodulate information from
the correct head.

Figure 3A is a more detailed block diagram of the
host computer 12 and adapter 13 in the prior art. The
host computer 12 includes a CPU 72, a CMOS RAM 74, a
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BIOS ROM 76, a system RAM 102 and, in this ehbodiment,
a ninety eight pin I/0 connector 78. The adapter 13
includes a ninety eight pin edge connector 80, decoding
logic 82 and a forty pin connector 86. The decoding
logic_82 adapts information sent by either the CPU 72 or
the drive controller 16 for compatibility with the
ninety eight pin data bus configuration of the host
computer 12, or the forty pin data bus configuration of
the drive controller 16, respectively.

The host computer 12 is a typical PC-AT type
computer. Therefore, it contains a table of disk drive
types, which is fixed in the BIOS ROM 76. The table
defines the number of cylinders, heads and sectors per
track for each drive type in the table. During power
up, the CPU 72 accesses the BIOS ROM 76 for power up
instructions. A BIOS power up program causes the CPU 72
to retrieve a drive type from the CMOS RAM 74, which
allows the CPU 72 to retrieve the appropriate drive
parameters from the BIOS ROM 76. The location of the
drive parameter table in the BIOS ROM 76 is then stored
by the CPU 72 in the system RAM 102. The location of
the table is then available to the CPU 72 from the
system RAM 102 for as long as the computer remains
powered. The drive parameters in the BIOS ROM 76
corresponding to the drive type stored in the CMOS RAM
74, themselves, correspond to the drive type which the
host computer 12 expects to be installed. Then, before
accessing the disk drive 14, the CPU 72 retrieves the
address parameters stored in the BIOS ROM 76 at the
location indicated in the CMOS RAM 102 and sends them,
via the adapter 13, to the drive controller 16. The
drive controller 16 then configures the disk drive 14
for being accessed according to the drive parameters
sent by the CPU 72.
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However, where the actual physical storage
capacity of the disk drive 14 is greater than any of the
disk drive types present in the table in the BIOS ROM
76, the host computer 12 is incapable of accessing the
entire physical storage capacity of the disk drive 14.
Hence, some of the physical storage capacity of the
disk drive 14 is wasted.

Figure 3B is a block diagram of the host computer
12 and adapter 13 of the present invention. The
componehts of Figure 3B are the same as those shown in
Figure 3A except that a BIOS extension 84 is added to
the adapter 13. A

When the CPU 72 accesses the BIOS ROM 76 durlng
the power up program, one of the operations in the
power up sequence is that the CPU 72, after executing
the instructions of the BIOS ROM 76, 1looks for any
BIOS extensions which are to be accessed for instruc-
tions to be executed during power up. Upon looking for
a BIOS extension, the CPU 72 locates the BIOS extension
84. -

In this preferred embodiment, the BIOS extension
84 is a programmable read only memory (PROM) containing
several instructions. First, the BIOS extension 84
instructs the CPU 72 to interrogate the disk drive 14
and identify its actual type (i.e. its actual physical
configuration). This can be done either by retrieving a
model number from the drive controller 16 or by
retrieving the actual physical capacity of the disk
drive 14. Then, the CPU 72 is instructed to determine
address parameters, such as the number of cylinders,
the number of heads and the number of sectors per track
for the disk drive 14. The CPU 72 sends this information
to the drive controller 16 which, in turn, configures
the disk drive 14 for being accessed.
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. Also, the BIOS extension 84 instructs the CPU 72
to store the location of the drive parameters for the
identified drive, which are tabulated and stored in the
BIOS extension 84, into the system RAM 102. Hence,
after power up, and during operation of the data storage
system 10, the CPU 72 does not need to interragate the
disk drive 14 each time it accesses the disk drive 14.
Rather, all of the essential address parameters are
stored in the BIOS extension 84 for ready access by the
CPU 72.

Figure 4 is a block diagram of another embodiment
of the preéegt invention. The data storage system shown
in Figure 4 is the same as that shown in Figure 1 except
that a second disk drive 88 is added to the data storage
system. The disk drives 14 and 88 are coupled in a
known master/slave relationship. The BIOS extension 84
in the adapter 13 operates in the same way as described
with reference to Figure 3B except that it instructs the
CPU 72 not only to interrogate and determine drive
parameters for the disk drive 14 but also to interrogate
and determine drive parameters for the disk drive 88.
The location of the drive parameters in the BIOS
extension 84, which are appropriate for the drive 88, is
stored in the sysﬁem RAM 102 as well.

The only additional step which must be taken is
that the host computer 12 must be initialised to
recognise the number of drives attached. However, the
type of drive attached and its corresponding address
parameters are automatically provided to the CPU 72 by
instructions in the BIOS extension 84. '

It should be noted that the adapter board 13 is
capable of being provided with hardware jumpers to allow

the location of the BIOS extension 84 in the system
memory to be selectable. This reduces the possibility



Therefore, the heads 22 to 40 are sinultaneously novedpg HEA
tracks on each disk as the actuator 20 rotates.yThe c Fﬂ{%@@ﬁ@ﬂmﬁs . ’
under the heads 22 10 to 40 at a given radial pos{tion is known ap g
cylinder. Therefore, the number of cylinders and the hufrbdt2BEQ 1986ks| plr
surface on the disks 42 to 50 is the sane. Al so, the phupber of tracks r
cylinder is the sane as the nunber of the heads 22 to}40 in the disk drjve
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of conflict with memory space occupied by other BIOS
extensions located on other adapters 13.

The present invention allows the entire physical
storage capacity of even high capacity disk drives to be
utilised by a host computer. By using a BIOS extension
to accomplish_ﬁhis, the high capacity disk drives used
are automatically integrated into an existing system.
This eliminates re-writing the BIOS stored in the BIOS
ROM 76 and thereby possibly creating other problems in
the operating system of the host computer 12.

Also, by mounting the BIOS extension 84 in the
adapter 13, hardware need not be added to mother boards
in the host computer 12. This eliminates any re-design
or re-layout of the hardware in the host computer 12.

In addition, many customers who contemplate buying
high capacity disk drives require that they have a
chance to evaluate the disk drives before purchasing
them. With the present invention, the adapter 13 can
be coupled to any high capacity disk drive and the disk
drive can be evaluated with no change whatsoeVer to the
potential customer's system.

Also, the present invention allows future disk
drive designs, with even larger capacities, to be
automatically integrated with existing host computer
systems. No additional programming is required of the
BIOS in the BIOS ROM 76 or that in the BIOS extension
84. This allows the full capacity of these disk drives
to be used even in ' systems which lack appropriate drive
type tables in the BIOS ROM 76.
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An i ndividual data sector on one of the disks 42 to 50 is

addressed'by Its cylinder address, head address and_sector nunber. . The

term "address" in cyllndeF-addTess and head addressgﬁﬂgkkgﬁﬁﬁﬂlngﬂgﬂT in a

sect or

sequence starting with ﬁ ﬁ'ﬁwerm "nunber” in sect e
a nunber in a B with 1. For exanpl e he first sectjorn
avai l abl e in tﬂmﬁm \ i s addressed as cylijnder O® DBEAWPD dnc
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CLAIMS

1. A disk drive accessing system for retrieving data

- from and writing data to a disk drive, comprising a

systé& controller (12) having a basic input/output
system (BIOS) memory device (76) containing an address
parameter. table corresponding to a pre-determined type
of disk drive whereby the system controller can access
address locations on a disk drive in operation based on
address parameters in the address parameter table, an
adapter (13) for coupling the system controller to the
disk drive, and characterised by an instruction device
(84) carried by the adapter and configured to cause the
system controller to identify the respective disk drive
and to revise the address parameter table, used by the
system controller for accessing the address locations on
the disk drive, to correspond to the respective disk
drive identified.

2. A system acéording to claim 1 characterised in
that the system controller comprises an operational

~memory (102) for storing instructions: for access during

operation, the operational memory including a location
for the address parameter table, and in that the
instruction device is arranged to replace the location
for the address parameter table with a location for
address parameters for the respective disk drivé for
revising the address parameter table.

3. A system according to claim 1 or 2 characterised
in that the instruction device is arrange to identify a
maximum number of cylinders, a maximum number of heads
and a maximum number of sectors in the respective disk
drive for determining a revised address parameter table
Such that substantially all the address locations on the



1. Hence, when the host conputer 12 accesses a parti
on one of the disks 42 to 25 50, it specifies RCE&&WH
16 the requested sector number, head address and cyli dgﬁruuurh
drive controller 16 in turn, causes the actuator

to 40 to the cor ”m]m e drive controller
the conditionin “H dul ate information{fijom
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respective disk drive are accessible by the system
controller during operation.

4. A system according to any of claims 1 to 3
characterised in that the BIOS memory device includes a
power up routine and in that the instruction device is
arranged to cause the system controller to identify the
respective disk drive and to revise the address
parameter table durlng execution of the power up
routine.

5. A system according to any of claims 1 to 4
characterised in that the instruction device is
configured to cause the system controller to identify
each of a plurality of respective disk drives and to
determine an associated revised address parameter table
corresponding to each of the plurality of respective
disk drives identified whereby the address locations on
each of the plurality of respective disk drives are
accessible by the system controller durihg operation.
6. A system according to any preceding claim
characterised in that the instruction device comprises a
BIOS extension memory device.

7. A method for accessing a disk drive employing a
system controller (12) having a basic input/output
system (BIOS) memory device (76) containing an address
parameter table corresponding to a pre-determined type
of disk drive, wherein the system controller accesses
address locations on the disk drive based on address
parameters in the address parameter table, characterised
by identifying the respective disk drive and revising
the address parameter table used by the system
controller for accessing the address locations on the
disk drive to correspond to the respective disk drive
identified.

8. A method according to claim 7 characterised in



the correct head. Figure 3Ais a nore detailed bl ock diagram of the host
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! that the step of identifying comprises interrogating the
| respective disk drive to identify a maximum number of

2 cylinders, a maximum number of heads and a maximum

} number of sectors in the respective disk drive, and in
that the step of revising the address parameter table

i comprises determining address parameters corresponding'
to said maximum number of cylinders, heads and sectors
and revising the address parameter table based on the
determined address parameters.

S. A method according to claim 7 or 8 characterised
in that the steps of identifying and revising are
performed during a power up sequence.

10. A method according to any of claims 7 to 9
characterised in that the step of identifying comprises
identifying each of a plurality of respective disk
drives, and in that the step of revising comprises
determining address parameters for each of the plurality
of respective disk drives and respectively revising the
address parametet table based on the determined address
parameters for each of the plurality of resﬁective disk
drives.

11. A method of accessing a disk drive characterised
by accessing a basic input/output system (BIOS)
extension memory device to retrieve BIOS extension
instructions, comprising identifying the disk drive to
‘be accessed, determining address parameters for the disk
drive identified, the.addreSS'parameters corresponding
to substantially the_makimum storage capacity of the
disk drive identified, providing the address parameters
to the disk drive accessing system, the-address
parameters suitable for being used by the accessing
system in accessing the maximum storage capacity of the
disk drive, and configuring the disk drive being
accessed using the address parameters determined.




BIOS ROM 76, a sy steanAM 102 and, in this enb n)| ELOMl pin
|/ O connect or 78 Thﬂm Hwﬂuﬂmmﬂuudes a ni net ;WREBLKC]MQ%QQ“ hnect or
80, decoding |ogic 8 connector 86J] The decoding 5

| ogi ¢ 82 adapts i nformation sent by *ei t her the CPU|7% Q2 sbogve
controller 16 for conpatibility with the ninety eidhf pin data bus
configuration of the host conputer 12, or the forfjysprmdataHus
configuration of .
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12. A data storage system comprising a disk drive (14)

having address locations for storing data, a system
controller (12) suitable for accessing the address
locations on the disk drive to retrieve data from the
disk drive and to write data to the disk drive, an
adapter (13) for coupling the system controller to the
disk drive, and characterised by memory means (84)
carried by the adapter for storing instructions for the
system controller.



the drive controller 16, respectively. 10 The host conputer 12 is
a typical PC AT type copputer The?gkfre It contains a table of disk drive
types, which is f b@mﬁ" A 76. The tapr def i nes the nurrber of
cylinders, heads gﬁPEéggtu S EF ! ack for each YD e L .
Duri ng power 15 the CPU T2]laccesses the Bl OSA%pd o5 OOA‘F' up
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ABSTRACT

DISK DRIVE ACCESSING SYSTEM AND METHOD OF
ACCESSING A DISK DRIVE

The present invention provides a disk drive
accessing system for retrieving data from and writing
data to a disk drive. The system comprises a system
controller (12) having a basic input/output system
(BIOS) memory.device (76) containing an address
parameter table corresponding to a pre-determined type
of disk drive whereby the system controller can access
address locations on a disk drive in operation based on
address parameters in the address parameter table. An
adapter (13) is also provided for coupling the system
controller to the disk drive. The adapter carries an
instruction device (84), which is configured to cause
the system controller to identify the respective disk
drive and to revise the address parameter table, used
by the system controller for accessing the address
locations on the disk drive, to correspond to the
respective disk drive identified.

(Figure 3B]
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25 corresponding to the drive type stored in the CMOS RAM 74,
t hensel ves, correspond to the drive type which the host goRptH-er 3
to be installed. Then, before accessing the disk drive 1 RE?héCENE?ﬁQ%EEﬁT
retrieves the address paraneters stored in the BIOS ROM 1 T The 30
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for bei ng accessed according to the drive paraneters sent by the CPU 72.
11 However, where the actual physical storage capacity of the disk-drive 14

iis greater than any -of the REPLACEMENT SHEET
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di sk drive types present .in the table in the BIOS ROM 76, the host conputer
12 .,is incapable of accessing the 5 entire physical storage capacity
of the disk drive 14. Hence, sonme of the physical storage capgs -
disk drive 14 is wasted. Figure 3B is a block diagram of theR Q@EMQHEET
12 and adapter 13 of the present invention. The 10 copppnent s of
Figure 3B are the same as those shown in 4 ‘0 2DEC 1994

A

8-—:\ \J\

L 5P

CONTROLLER 16

TO DRIVE

O~
No z
Zol logld-x
2| |35
23] "k
1) ul

©
~
[
[}
=
0\ = u =
© O - N
@ & "“;’.”3‘:*9
n
2

CMOS RAM l




v

Fi gUre 3A except that a BIOS extension 84 is added to the adapter 13. Wen
the CPU 72 accesses the BIOS ROM 76 during the power u e of the
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a BLCS egteg;ign, the CPU 72 |-otates—the -Bl O5-ext-ensi on 20 84. In this
preferred enbodi ment, the BI OS gt §hs programmabl e read on
menory ( PROM contalnlng sever al h énReiwulJS , Q. gn 84
instructs the CPU 72 to |nterrog* T C%@ﬁﬁiﬁ@ﬁ entify
Its actual type (i.e. its actual ign). This can bheldone

either by retrieving a S 0 6 MAR 1997

into a parallel flow. The parallel information was then
- provided by the disk drive controller to a host
computer. '

More recently, disk drive interfaces have been
designed with more intelligence than the classical or
serial disk drive interfaces. Examples of such intelli-
gént disk drive interfaces are the SCSI and PCAT (which
was based on the PC-AT computer deSign) interfaces.
Functionally, these intelligent interfaces and the disk
drive controller have become part of the disk drive and
provide parallel data to the host computer.

These intelligent interfaces have typically been
coupled to the host computer at an input/output (I/0)
slot. The I/O0 slot has, in the past, included a
connector, coupled to the host computer, which ranged
in size from sikty two ‘pins to ninety eight pins. An
edge connector, coupled to the intelligent disk drive,
having either sixty two or ninety'eight pins depending
on the connector coupléd to the host computer, was
plugged into the I/O connector oflfhe host computer.

~ However, continuing efforts to reduce the size of
both computers and disk drives has led to the develop-
ment of disk drives which have only a forty pin
connector. In order to make these disk drives
compatible with host computers that still have the sixty
two or ninety eight pin I/0 connectors, an adapter
board has been developed, which plugs into the I/0
connector and converts the host computer system bus for
compatibiliﬁy with the forty pin interface used by the
disk drive. A typical adapter board also supports up to
two disk drives connected in a° mééter/slave configura-
tion. ' '

Most PC-AT type host computers are programmed to
operate with a number of specific disk drive types.
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model - nunber fromthe drive controller 16 or

physi cal’ capacity of the 'disk drive 14. Then, : LUCLE

det erii ne 30 address paraneters, ~ such . u?hgaﬁﬁﬁﬂgﬂ"gﬁw 'k%é%?§j P
nunber of heads and the nunber of sectors per| it gk " fé%i; %kfaﬁﬁﬁﬁ—;,
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DISK DRIVE ACCESSING SYSTEM AND METHOD OF
ACCESSING A DISK DRIVE

The present invention relates to a disk drive
5 accessing system and to a method for accessing a disk.
drive. '
Hard disk data storage systems contain one or more
magnetic disks on which data is stored in sectors which
lie in concentric tracks on the disks. A transducer (or
(-10 head) flies above a track and writes, or magnetically
encodes, the data in a sector .on the track. The head
is also capable of reading the magnetically encoded data
from the sectors. i '
An electro-mechanical actuator operates within a

15 negative feed back, closed locop servo system. The
actuator moves the head radially for track seek
operations and holds the transducer directly over a
track for track following operations.

Typically, a stack of disks is mounted on a

20 spindle. Each surface on each magnetic disk has one
corresponding head. All the heads are moved together by
the electro—mechanical actuator to different tracks on
the disk surface. The collection of the tracks under
all the heads at any given radial position along the

25 disk stack is known as a cylinder. Data read from the
sectors by the heads is demodulated in a disk drive
interface and provided to a host computer.

In the past, serial or classical disk drive
interfaces (such as the ESDI or ST506 interfaces)

30 demodulated the data read from the track on a magnetic
disk and provided it in serial form. An additional
component, known as a disk drive controller, checked
the integrity of the data provided by the serial disk
drive interface and converted the serial flow of data
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12 Also .the BIOS extension 84 instructs the CPU 72 to g%
of "‘the drive paraneters f'or the identified drive, which aﬁe t abul at ed gng
stored in the BIOS extension 84, into the system RAM 10p. ’ HBNTLIRAR 1999

into a parallel flow. The parallel information was then
provided by the disk drive controller to a host
computer. - ' .
More recently, disk drive interfaces have been
5 designed with more intelligence than the classical or
serial disk drive interfaces. Examples of such intelli-
gent disk drive interfaces are the SCSI and PCAT (which
was based on the PC-AT computer design) interfaces.
Functionally, these intelligent interfaces and the disk
(-10 drive controller have become part of the disk drive and
provide parallel data to the host computer.
These intelligent interfaces have typically been
coupled to the host computer at an input/output (I/0) '
slot. The I/0 slot has, in the past, included a
15 connector, coupled to the host computer, which ranged
in size from 51xty two pins to ninety eight pins. An
- edge connector, coupled to the intelligent disk drlve,
having either sixty two or ninety eight pins depending
on the connector coupled to the host computéf, was
20 plugged into the I/0 connector of the host computer.
However, continuing efforts to reduce the size of
both computers and disk drives has led to the develop-
{ ' ment of disk drives which have only a forty pih
connector. In order to make these disk drives
25 compatible with host computers that still have the sixty
two or ninety eight pin I/O connectors, an adapter
board has been developed, which plugs into the I/0
connector and converts the host computer system bus for
compatibility with the forty pin interface used by the
30 disk drive. A typical adapter board also supports up to
two disk drives connected in a master/slave configura-
tion. '
Most PC-AT type host.computers are programmed to
operate with a number of specifié disk drive types.

2 A G SHERR]
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5 ~ after power up, and during operation of the data gt t@; ,
the CPU 72 does not need'to :Jlnterrogate the disk drive @P\?ﬁmﬁ
accesses the disk drive 14. Rather, all of the essentid Jaddress parangtgrs
are stored in the BIOS extension 84 for ready access byl tjhedITMAR 1959U 12.
Figure 4 is a bl ock diagram of another enbodi nent of the lpresent inven
The data storage system shown 3

n.'

The PC—AT type host computer contains a table of disk
drive types, which correspond to the drive types with
which the host computer will operate. That table
contains the number of chindérs, heads and sectors per
5 track for each drive type entered in the table. This.
table is fixed in a Basic Input/Output System (BIOS) ROM
located in the host computer.
A power up program, which is also stored in the
_ BIOS ROM, provides the disk drive controller with. the
{ 10 disk drive parameters, from the table, which correspond
) to the disk drive type with which the host computer is
programmed to operate. The disk drive controller then
configures itself to match the table entry corresponding
to the disk drive parameters provided by the power up
15 program.
However, all disk drive types included in the
table in the IBM PC-AT computer use a sector number of
seventeen sectors per track. This fixed table imposes a
limitation on the maximum disk drive capacity that the
20 host computer can access. In other words, if the host
computer cannot command a disk drive to confiqure itself
for more than seventeen sectors per track because of the
L ' fixed table in the BIOS ROM, the computer is unable to
access the maximum capacity for some high capacity disk
25 drives, which are installed for operation with the host
computer. This is an increasing problem with the
advances currently being made in enlarging disk

capacity.
The computer typically addresses the disk drive
30 through BIOS calls. Presently, typical BIOS programs

allow up to one thousand and twenty four cylinders,
sixteen heads and sixty four sectors per track to be
addressed. Hence, the maximum disk drive capacity
addressable by the BIOS is 1,048,576 blocks (536,870,912
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in Figure 4 is the same as that shown in Figure 1 eXREPIACHRIENT SEEEM di sk
drive. 88 is added to the data storage 15 gsystem EEAEEQW%K? ?5@5’1114 and
88 are coupled in a known master/slave rel ati onship} The, BI OS ext engi bn 84
in the adapter 13 operates in the same way as descrijbéd SiltAR 9981 ehck to
Fi gure 3B except that it instructs the CPU 72 not o f.o_interrogate} and
determ ne drive 20 paraneters for the disk drive|{l4 but also to
i nterrogate 4 :

bytes). But, if the computer cannot address more than seventeen sectors per track
because of the fixed list in the BIOS, the addressable disk drive capacity is cut down to
278,528 blocks (142,606,336 bytes). |

IBM Technical Disclosure Bulletin, Vol. 31, No. 1, June 1988, pages 299 to
300, "Automatic Configuration of Memory Options with Fault Bypassing” relates to a
BIOS extension which, on initiation of an IBM PC-AT type computer determines the
amount of RAM installed in the memory-expansion option board. The information
obtained is compared with the existing information stored in an electronically
programmable logic device (EPLD) on the memory expansion option board, and a
determination is made as to whether the system configuration table of the computer needs
to be up-dated. If it is deemed necessary, up-dating the system configuration table takes
place. _ _

Electronics and Wireless World, Vol. 95 , No. 1643, September 1988, pages 884 |
to 888, G. Humphrey: "SCSI-Small Computer System Interface”, relates to a disk drive
having an interface which is capable of correcting errors and handling media defects in a
way which ié ‘transpa.rent to the system in which the disk drive operates.

{ According to the present invention, in one aspect, there is provided a disk drive
| accessing system for retrieving data from and writing data to a disk drive, comprising a
system controller having a basic input/output system (BIOS) memory device containing
and address parameter table defining a number of cylinders, heads and sectors per track
for a plurality of predetermined types of disk drives including an expected type of disk
drive and comprising an adapter for coupling the system controller to a respective disk
drive, whereby the system controller can access address locations on the disk drive in
operation bésed on the address parameters in the address parameter table corresponding
to the expected type of disk drive, and characterised by an instruction device carried by

the adapter and configured to cause the system controller to interrogate the respective

disk drive and to identify an actual maximum numiber of cylinders, an actual



and“det ef ni ne drive paraneters for the disk drive 88. T OG- of—+

drive. paraneters in the Bl OS extension 84, which are ap _M@MEN’BSH it
drive 88, is stored in the system RAM 102 as well. 25 The onl]y
additional step which nust be taken is that the host c utgr';ﬂgRaz?]@t he
initialised to recogni se the nunber of drives attached. wever, the typg
of drive attached and its correspondi ng address
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maximum number of heads and an actual maximum number of sectors of the disk drive
and revise the address parameters used by the system controller for accessing the address
| locations on the disk drive to correspond to the actual maxfmum number of cylinders,
heads and sectors of the disk drive, rather than those of the expected type of disk drive.

. According to the present invention, in another aspect, there is provided a method
for accessing a disk drive employing a system controller having a basic input/output
system (BIOS) memory device containing an address parameter table defining a number
of cylinders, heads and sectors per track for a plurality of pre-determined types of disk
drives including an expected type of disk drive, wherein tﬁe system controller is coupled
to the disk drive through an adapter and wherein the system controller determines
address parameters for the expected type of disk drive from the address parameter table
for use in accessing address lbcations on the disk drive, characterised by the system
controller executing instructions received from an inétruction device carried Ey the
adapter, interrogating the disk drive to identify an actual maximum number of cylinders,
heads and sectors in the disk drive, and revising the address parameters used by the
system contrc;ller in accessing the address locations on the disk drive to correspond to the
_actual maximum number of cylinders, heads and sectors of the disk drive, rather than
those of the expected type of disk drive. <

Preferably, the present invention takes advantage of a built in feature in a BIOS
power up program, which orders a host computer to search for and execute BIOS
extensions during a power up sequence. By taking ;c_ldvantage of this built in feature, the
present invention may adapt a disk drive accessing system for accessing a storage
capacity on at least one disk drive.

An address parameter table corresponding to a pre-determined type of disk may

be retrieved and be written to an operations memory device. This address parameter
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table may be revised based on the address parameters determined for the identified disk
drive. The address parameter table may, for exam'ple; be revised by replacing the
location of the address parameter table in the operations memory device with the location
of the determined address parameters.

A data storage system may be provided which comprises: a disk drive having
address locations for storing data, a system controller suitable for accessing the address
locations on the disk drive to retrieve data from the disk drive and to write data to the
disk drive, an adapter for coupling the system controller to the disk drive, and

characterised by memory means carried by the adapter for storing instructions for the

system controller.

Preferably, the memory means of the above system comprise a BIOS extension
memory means including a progmm séquenée for iné.tructing the system controller to
identify the disk drive type and to revise accordingly an address parameter table, which
corfesponds to a pre-determined disk drive type and which is stored in a memory of the
system contrc;uer. |

The system controller may comprise an operational memory for storing
instructions for the system controller to be accessed by the system controller during
operation. In use, a location of the revised address parameter table may be transferred
by the system controlier to the operational memory such that the location of the revised
address parameter table effectively replaces a location in the operational memory of the

address parameter table corresponding to a pre-determined disk drive type.
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The present invention is described further, by way
of example, with reference to the accompanylng drawings,
in which:-

Flgure 1 is a block dlagram of a data storage
system;

Figure 2 is a top view of a disk in the data
storage system shown in Figure 1;

Figure 3A is a more detailed block dlagram of a
host computer and adapter of a prior art data storage
system; _ . _
Figure 3B is a more detailed block diagram of a
host computer with adapter of a data storage system
according to the present invention; and

Figure 4 is a block diagram of an alternative
embodiment of data storage system according to the ..
present invention.

Figure 1 is a block diagram of a hard disk data .
storage system 10, which includes a host computer 12,
an adapter 13 and a disk drive 14. The disk drive 14
includes a disk drive controller 16, conditioning logic
18, a rotary actuator 20, transducers or read/write
heads 22, 24, 26, 28, 30, 32, 34, 36, 38 and 40 (heads
22 to 40), magnetic disks 42, 44, 46, 48 and 50 (disks
42 to 50) and a spindle 52. During operation of the
disk drive 14, the disks 42 to 50 spin with the spindle
52. The heads 22 to 40 fly above the disks 42 to 50
either reading magnetically encoded data from the
surfaces of the disks 42 to 50 or encoding (writing)
information on the disk surfaces. While reading
information, the heads 22 to 40 produce signals repre-
sentative of the data on the disk surfaces and provide
those signals to the conditioning logic 18. The
conditioning logic 18 conditions the signals and
provides them in serial form to the drive controller 16.

SSiRT] o
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are automatically integrated into an existing system i S rehismnal

re-witing the BIOS stored in the BIOS ROM 7% a%d therb'§§§§E%EhT3%Jrez
ot her problens in 10 t he operating systemof the host conputer 13.
Al so, by nounting the Bl GS extension 84 in the adapter {139 H4lRVBE% rjed
not be added to nother boards in the host conputer 12 ([This elim natg@s

re-design or re-layout of the hardware ig t he host cgmputer 12.
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This flow of information from the heads 22 to 40 to the
drive controller 1 is indicated by arrows 54 and 56.
The_drive controller 16, in turn, converts the
serial data received from the conditioning logic 18 into
parallel data and provides it to the adapter 13. The.
adapter 13 adapts the information received from the '
drive controller 16 for compatibility with a data bus in
the host computer 12. The host computer 12 also provides

the adapter 13 with control information for the disk

drive 14. The adapter 13 adapts the information
received from the host'computer 12 for compatibility
with the drive controller 16. Based on that control
information and position error information read from the
disks 22 to 40, the drive controller 16 provides
control signals to the conditioning logic 18 and.the
actuator 20. This is indicated by arrows 58 and 60.

The control signéls'provided by'the drive
controller 16 to the conditioning logic 18 dictate, for
example, the data of which head should be demodulated
by the conditioning logic 18 and provided to the drive
controller 16. The control signals provided to the
actuator 20 cause the actuator 20 to rotate. Rotation of
the éctuator 20 causes the heads 22 to 40 to move
radially with respect to the disks 42 to 50.

- Figure 2 shows a typical disk surface. The
surface of the disk 42 contains a plurality of tracks.
For clarity, only two tracks, 62 and 64 are shown in
Figure 2. Each track on the surface of the disk 42 is
divided -into sectors. The sector divisions on the track
62 are indicated by the radially oriented lines 71, 73,
7%, 77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99 and
101. The head 22 is positioned over a sector 68 of the
track 62 on the disk 42. As the disk 42 rotates in the

.direction indicated by arrows 66, the head 22 flies

ting

d .
any
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can be coupled to any high capacity disk drive and the

In addition, many custonmers who contenpl a RE %EMEMEL |

capacity disk drives require that they have a chance tofepattate

drives before purchasing them Wth the present inventipn Bhe ad%&ﬁf
i Bk
[

can be evaluated with no change whatsoever to the pote
system Al so,
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cust oner'

S’

e

the present invention allqys future disk

above the track 62 and data is read from or written to
the track 62. '

As the actuator 20 rotates and moves the heads 22
to 40, the head 22 moves radially w1th respect to the
disk 42 along an arc indicated by arrows 70. All the.
heads are moved together as the actuator 20 rotates.
Therefore, the heads 22 to 40 are simultaneously moved
over corresponding tracks on each disk as the actuator
20 rotates. The collection of tracks under the heads 22
to 40 at a given radial position is known as a cylinder.
Therefore, the number.of cylinders and the number of
tracks per surface on the disks 42 to 50 is the same.
Also, the number of tracks per cylinder is the same as
the number of the heads 22 to 40 in the disk drive 14.

An individual data sector on one of the disks. 42
to 50 is addressed by its cylinder address, head
address and sector number. The term "address” in .
cylinder address and head address implies a number in a
sequence starting with 0. The term "number" in sector
number implies a number in a sequence starting with 1.
For example, the first sector available in the disk
drive 14 is addressed as cylinder 0, head 0 and sector
1. Hence, when the host computer 12 accesses a |
particular sector or sectors on one ‘of the disks 42 to
50, it specifies to the drive controller 16 the
requested sector number, head address and cylinder
address. The drive controller 16, in turn, causes
the actuator 20 to move the heads 22 to 40 to the
correct cylinder. The drive controller 16 also controls
the conditioning logic 18 to demodulate information from
the correct head.

Figure 3A is a more detailed block diagram of the
host computer 12 and adapter‘13'in the prior art. The
host computer 12 includes a CPU 72, a CMOS RAM 74, a



drive designs, with even larger capacities, to be au ’I-ﬁ?ﬂﬁv%ﬂ at ed
W th existing host conputer 25 systens. No addi {4 (kg ¢ ' S

required of the BIOS in the BIOS ROM 76 or that in thejBl OS extensi on B4.
This allows the full capacity of these disk drives t¢ be J$RARCYIP i .
systens which | ack appropriate drive type tables in fhe BIOS ROM 76.{ 3D

10

BIOS ROM 76, a system RAM 102 and, in this embodiment,
a ninety eight pin I/0 connector 78. The adapter 13
.includes a ninety éight pin edge connector 80, decoding
logic 82 and a forty pin connector 86. The decoding

5 logic 82 adapts information sent by either the CPU 72 .or
the drive controller 16 for compatibility with the ‘
ninety eight pin data bus configuration of the host
computer 12, or the forty pin data bus configuration of
the drive controller 16, respectively.

[ﬁ 10 " The host computer 12 is a typical PC~-AT type
computér. Therefore, it contains a table of disk ‘drive
types, which is fixed in the BIOS ROM 76. The table
defines the number of cylinders, heads and sectors per
track for each drive type in the table. During power

15 up, the CPU 72 accesses the BIOS ROM 76 for power. up
instructions. A BIOS power up program causes the CPU 72
to retrieve a drive type from the CMOS RAM 74, which
allows the CPU 72 to retrieve the appropriate drive
parameters from the BIOS ROM 76. The location of the

20 drive parameter table in the BIOS ROM 76 is then stored
by the CPU 72 in the system RAM 10Z. The location of

- the table is then available to the CPU 72 from the
system RAM 102 for as long as the computer- remains
powered. The drive parameters in the BIOS ROM 76

25 corresponding to the drive type stored in the CMOS RAM
74, themselves, correspond to the drive. type which the
host computer 12 expects to be installed. Then, before
accessing the disk drive 14, the CPU 72 retrieves the
address parameters stored in the BIOS ROM 76 at the

30 location indicated in the system RAM 102 and sends them,
via the adapter 13, to the drive controller 16. The
drive controller 16 then configures the disk drive 14
for being accessed according to the drive parameters
sent by the CPU 72.
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A disk drive accessing systemfor retr -y a6 frcnland
witing data to a disk drive, conprising a systen1cont43ﬁﬁéﬁjiw TTHﬁﬂﬂﬁE a
basi ¢ input/output system Bl OS nenory device (76) contpihning an addregs
paraneter table defining a nunber of 3 1MAR 1999
11

15

20

However, where the actual physical storage
capacity of the disk drive 14 is greater than any of the
disk drive types present in the table in the BIOS ROM
76, the host computer 12 is incapablé of accessing the
entire physical storage capacity of the disk drive 14.
Hence, some of the physical storage capacity of the '
disk drive 14 is wasted. )

Figure 3B is a block diagram of the host computer
12 and adapter 13 of the present invention. The
components. of Figure 3B are the same as those shown in
Figure 32 excépt that a BIOS extension 84 is added to
the adapter 13. .

When the CPU 72 accesses the BIOS ROM 76 during
the power up program, one of the operations in the
power up sequence is that the CPU 72, after executing
the instructions of the BIOS ROM 76, looks for any
BIOS extensions which are to be accessed for instruc- .
tions to be executed during power up. Upon looking for
a BIOS extension, the CPU 72 locates the BIOS extension
84. ‘

In this preferred embodiment, the BIOS extension
84 is a programmable read only memory (PROM) containing

" several instructions. PFirst, the BIOS extension 84

25

instructs the CPU 72 to interrogate the disk drive 14
and identify its actual type (i.e. its actual physical

. configuration). This can be done either by retrieving a

30

model number from the drive controller 16 or by
retrieving the actual physical capacity of the disk
drive 14. Then, the CPU 72 is instructed to determine
address parameters, such as the number of cylinders,
the number of heads and the number of sectors per track
for the disk drive 14. The CPU 72 sends this information
to the drive controller 16 which, in turn, configures
the disk drive 14 for being accessed.



cyLindeféh heads and sectors per track for a pIuraIi@xﬁ?Eﬁggﬁw e d
types-of disk drives including an expected type of cﬁ’kﬁﬁi?#@gg;ghh i) ;
conprising an adapter (13) for coupling the system¢ontroller to a H

respective disk drive, whereby the system controll et Taﬁaa@ggpgggdd eps ! -
l'ocations on the disk drive in operation based on.thef{address parangtgers in
the address paraneter table corresponding to the expecte VP B G

drive, and characterised by an instructi device (84)_carried by the

adapter and configured to cause the systemcontroller to interrogate the

respective disk drive, identif n actual, maxi rum nunber of. cylinders, an
actgal naxinunlnunb%fs%f Hggd§¥g%de§ﬁen51on 84 Instructs the’cry 72
: to store the location of the drive parameters for the

identified drive, which are tabulated and stored in the
BIOS extension 84, into the system RAM 102. Hence,

5 after power up, and during operation of the data storage
systém 10, the CPU 72 does not need to interrogate the
disk drive 14 each time it accesses the disk drive 14.

Rather, all of the essential address parameters are
. stored in the BIOS extension 84 for ready access by the

/10 CPU 72. _ _ _

| Figure 4 is a block diagram of another embodiment
of the present invention. The data storage system shown
in Figure 4 is the same as that shown in Figure 1 except
that a second disk drive 88 is added to the data storage

15 system. The disk drives 14 and 88 are coupled in a .

 known master/slave relationship. The BIOS extension 84
in the adapter 13 operates in the same way as described
with reference to Figure 3B except that it instructs the
CPU 72 not only to interrogate and determine drive

20 parameters for the disk drive 14 but also to interrogate
and determine drive parameters for the disk drive 88.
The location of the drive parameters in the BIOS
extenéion 84, which are appropriate for the drive 88, is
stored in the sysiem RAM 102 as well.

25 The only additional step which must be taken is
that the host computer 12 must be initialised to
recognise the number of drives attached. However, the
type of drive attached and its corresponding address
parameters are automatically provided to the CPU 72 by

30  instructions in the BIOS extension 84. ‘

It should be noted that the adapter board 13 is
capable of being provided with hardware jumpers to allow
the location of the BIOS extension 84 in the system -
memory to be selectable. This reduces the possibility



act ual maxi mum nunber of sectors of the disk drive and rgw tHreaddf-ess—,
parameters used by the systemcontroller for accessing t éﬁii&EEQEHTSHEET§
| ocations on the disk drive to correspond to the actual jngxi num nunber gf |
cylinders, heads and sectors of the disk drive, rather tfhgn 3hﬂ§£R%kwth
expected type of disk drive. 2. A system accordi ng td ilalm
characterised in that the systemcontroller (12) conpride '
menory (102) for storing instructions f ok3 access duri ng{operation, the
operational nenory including a |ocation for the address paranmeter tanfe,

and in that the | nstiuctign deriesy Sdan9eduh0eboR) 25enbhegggat ion for
extensions located on other adapters 13.
The present invention allows the entire physicai
storage capacity of even high capacity disk drives to be

5 utilised by a host computer. By using a BIOS extension
to accomplish this, the high capacity disk drives used
are automatically integrated intoc an existing system.
This eliminates re—writing the BIOS stored in the BIOS
ROM 76 and thereby possibly creating other problems in

10 the operating system of the host computer 12. '

' Also, by mounting the BIOS extension 84 in the
adapter 13, hardware need not be added to mother boards
in the host computer 12. This eliminates any re-design
or re-layout of the hardware in the host computer 12.

15 In addition, many customers who contemplate buying
‘high éapacity disk drives require that they have a
chance to evaluate the disk drives before purchasing
them. With the present invention, the adapter 13 can
be coupled to any high capacity disk drive and the disk

20 drive can be evaluated with no change whatscever to the

potential customer's system.

Also, the present invention allows future disk
drive designs, with even larger capacities, to be
automatically integrated with existing host' computer

25 systems. No additional programming is required of the
BIOS in the BIOS ROM 76 or that in the BIOS extension
84. This allows the full capacity of these disk drives
to be used even in-systems which lack appropriate drive
type tables in the BIOS ROM 76.

30
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A system according to claiml or 2 characterised in that Miﬁ;ﬁ@ﬂ&im
devi ce
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CLAIMS

1. A disk drive accessing system for retrieving data from and writing data to a disk
drive, comprising a system controller (12) having a basic input/output system BIOS
memory device (76) containing an address parameter table defining a number of |
cylinders, heads and sectors per track for a plurality of predetermined types of disk
drives including an expected type of disk drive and comprising an adapter (13) for
coupling the system controller to a respective disk drive, whereby the system controller
can access address locations on the disk drive in operation based on the address
parameters in the address parameter table corresponding to the expected type of disk
drive, and characterised by an instruction device (84) carried by the adapter and
configured to cause the system controller to interrogate the respective disk drive, identify
an aciual maximum number of cylinders, an actual maximum number of heads and an
actual maximum number of sectors of the disk drive and revise the address pafameters
used by the system controller for accessing the address locations on the disk drive to
coﬁespond to the actual maximum number of cylinders, heads and sectors of the disk

drive, rather than those of the expected type of disk drive.

2. A system according to claim 1 characterised in that the system controller (12)
comprises an operational memory (102) for storing instructions for access dﬁring
operation, the operational memory including a location for the address parameter table,
and in that the instruction device is arranged to replace the location for the address

parameter table with a location for address parameters for the respective disk drive for

revising the address parameters.




(76) i ncl Udes a power up routine and in that the instruction device is

arranged to cause the systemcontroller (12) to interro

di sk dri.ve and to revise the address paraneters during g ﬁ& M@.\ﬁp
power up routine. 4. A system according to any of cldigs 1 to 3
characterised in that the instruction device is configuied t® 1MARE®he

systemcontroller (12) to interrogate each of a pluralit
disk drives and to identify actual maxi ggm nunber of cyl
sectors corresponding to each of the plurality of respe

1R

y {of respective} |
i nders, heads and?
tive disk drives .}

| ht errogat ed whereby the address |ocations on each of the plurality of
respective disk drives are

3. A system according to claim 1 or 2 characterised in that the BIOS memory device
(76) includes a power up routine and in that the instruction device is arranged to cause
the system controller (12) to interrogate the respective disk drive and to revise the

address parameters during execution of the power up routine.

4. A System according to any of claims 1 to 3 characterised in that the instruction
device is configured to cause the system controller (12) to interrogate each of a plurality
of respective disk drives and to identify actual maximum number of cylinders, heads and
sectors corresponding to each of the plurality of respective disk drives interrogated
whereby the address locations on each of the plurality of respective disk drives are

accessible by the system controller (12) during operation.

5. A system according to any preceding claim characterised in that the instruction

device comprises a BIOS extension memory device.

6. A method for accessing a disk drive employing a system controller (12) having a
basic input/output system BIOS memory device (76) containing an address parameter
table defining a number of cylinders, heads and sectors per track for a plurality of pre-
determined types of disk drives including an expected type of disk drive, wherein the
system controller is coupled to the disk drive through an adapter and wherein the system
controller determines address parameters for the expected type of disk drive from the
address parameter table for use in accessing address locations on the disk drive,
characterised by the system controller executing instructions received from an instruction
device carried by the adapter, interrogating the disk drive to identify an actual maximum
number of cylinders, heads and sectors in the disk drive, and revising the address

parameters used by the system controller in accessing the address locations on the disk



acéeséi'bl-‘e'. by the system controller (12) during operati ArS3-51—-6-

according-to any preceding claimcharacterised in that tRfﬁ’uﬁy{Eﬁ\ﬂENf@{nET

devi ce conprises a Bl OS extension nenory device. 6. - A mrettrot—for
accessing a disk drive enploying a systemcontroller (1R) h§ 1gg q @a C
i nput/out put system Bl OS nenory device (76) containing an atd g % et

tabl e defining a nunber of cylinders, heads and sectors
plurality of pre- determined types of dibk drives |nclud|ng an expected

type of disk drive, wherein the systemcontroller is coupted-tothedirsK
drive through an adapter and wherein the system

drive to correspond to the actual maximum number of cylinders, heads and sectors of the

disk drive, rafher’ than'those of the expected type of disk drive.

7. A method according claim 6 characterised in that the steps of identifying and

revising are performed during a power up sequence.

er



control | er determ nes agddress paraneters for the expected

vpe of disk

drive fromthe address paraneter table for use in accessi’
| ocations on the disk drive, characterised by the system
executing instructions received froman instruction devic
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e carried by thdg

adapter, interrogating the disk drive to identify an actu
of cylinders, heads and sectors in the disk drive, and r
paranmeters used by the systemcontroller in accessing th
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address | ocati ons

on the disk 17
ABSTRACT

DISK DRIVE ACCESSING SYSTEM AND METHOD

QF

ACCESSING A DISK DRIVE

The present invention provides a disk drive

accessing system for retrieving data from and
data to a disk drive. The system comprises a

writing
system

, controller (12) having a basic input/output system
( (BIOS) memory device (76) containing an address

parameter table corresponding to a pre-determined type

of disk drive whereby the system controller can access
address locations on a disk drive in operation based on
address parameters in the address parameter table. An
adapter (13) is also provided for coupling the system
controller to the disk drive. - The adapter carries an

instruction device (84), which is configured to cause

the system controller to identify the respective disk
drive and to revise the address parameter table, used
by the system controller for accessing the address
locations on the disk drive, to correspond to the

( respective disk drive identified.

(Figure 3B]
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