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As used herein, it is to be understood that the terms computer controlled system or
computer system refers to any system which includes a host computer arrangement or a
microprocessor for controlling the operation of the system. It is also to be understood that the term
System RAM refers to any memory used by the host computer or microprocessor for its operation.
The computer controlled system may include consumer electronics, appliances, or any other
computer controlled device as well as general purpose computers such as p'ersonal computers and
computer servers. It should also be understood that the terms data storage device or storage device
are intended to include hard disk drives, CD drives, floppy disk drives, removable hard disk
drives, and other storage devices including other optical, magnetic, opto-magnetic, and any other
mass storage peripheral devices. These other storage devices also include devices such as digital
video disk devices and flash memory which are currently being developed for use as storage
devices for various types of computer systems. Also, as used herein, the phrases operating data
and code or operating data/code are intended to refer to all of the various data and code that is
required in order to operate the storage device. '

Storage devices of all types share certain characteristics including an arrangement to
uniquely address each addressable unit of the data on the media in which data is stored, an
arrangement to control the device, and an arrangement to transport the data from the device to the
system to which the device is connected. Hard disk drives are among the oldest and most popular
of storage devices and have the longest history within computer systems. While much of the
following discussion specifically relates to hard disk drives, it is to be understood that the
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In the early stages of development, the system BIOS also contained information on all of
the disk drives which could be used with the system. As the number of drives available grew this
approach became more and more difficult. The solution was to create user defined configuration
information which could be used by the system.

These early approaches allowed the operating system to communicate with the disk drive
using a relatively simple system BIOS which did not need to perform any translation of the CHS
data address information. When the operating system of these early systems made a read/write
request through the system BIOS, the system BIOS would simply pass the CHS address
information on to the disk drive without having to translate the address inforination into some other
format. Also, the disk drive was relatively simple in that it did not require any complex disk drive
firmware as part of the disk drive to provide a translation function or handle the problem of keeping
track of the defective data sectors since these functions were provided by the system.

The disk drive industry independently developed its own interface standards or limits
known as Integrated Device Electronics (IDE) which also included a command structure. These
IDE standards imposed limits which were different from the limits imposed by the operating
system and system BIOS. The IDE command structure limits were set at 65,535 cylinders, 16
heads, and 256 scctors which provided a total of 268,431,360 data sectors. Since both standards
utilized the same CHS addressing structure, the overall system Jimits were dictated by the lowest
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Technical developments in the disk drive industry further complicated the task of interfacing
the hard disk drive with the host computer by making the hard disk drives more complex. The first
additional development was that the hard disk drive industry began defining each data scctor
according to cylinders, heads, sectors, and zones. The zones of the disk drive correspond to
different groups of cylinders of the disks with each of the zones having data stored at different
frequencies in order to more efficiently use the data storing density of the disks. For example, the
outer cylinders, which correspond to a first zone, may be read and written at a first frequency. The
middle cylinders making up a second zone may be read/written at a second slower frequency. And
finally, the inner cylinders, associated with a third zone, may be read and written at a third even
slower frequency.

Although the use of zones increased the storage capacity of a given hard disk drive, it also
further increased the complexity of the disk drive firmware and disk drive operating data required
to control the disk drive. These new, complex disk drives required more complex disk drive
firmware to perform another translation from the logical IDE CHS address information to the actual
cylinder, head, sector, and zone address information actually used by the disk drive. Also, these
complex disk drives required the disk drive read channel to be able to be operated at different
frequencies depending on the zone being accessed. This required the comnplex disk drive to include
disk drivc operating data identifying which sectors were in which zones, read channel data
identifying which control settings (such as frequencies) should be used when accessing data within
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4 on the disk drive device during the initialization of the disk drive so that the list is available to the
hard drive controller and/or firmware during the operation of the disk drive. This approach
requires an even more complex controller, more complex disk drive firmware to operate the
controller, and a larger RAM memory buffer than would otherwise be required so that the data
associated with the defect list may be stored in the memory buffer for use throughout the operation
of the complex disk drive. All of these requirements add still further to the cost of providing the
complex hard disk drive.

Using this defect list approach, the complex hard disk drive controller uses complex
hardware and/or disk drive ficmware to sort through this list of defective memory storage locations
each time a read/write request is made making sure a defective data sector is not utilized. This
sorting adds yet another time consuming process to the operation of the system that must be
performed each time the complex disk drive reads or writes data and therefore slows down the
overall operation of the system.

Since storage devices are typically electromechanical in nature, the time required to access
data is much longer than the time required to access systcm RAM, cffectively decreasing system
performance. In order to decrease some of the effects of mechanical latencies, it is possible to
utilize time that the storage device would normally be idle to gather data from the storage media
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will be referred to throughout the specification and clains as a conpl ex

di sk drive. I n anot her devel opnent, the disk drive industry
changed the way the cylinders, heads, and sectors were typically addressed.
Initially, each data sector on the disk drive included an identification
field containing the address of that field and including information on

whet her thaJmaﬁﬁsehgmmen%wswev@&&sguat tm-:;ﬁtemla@l&%hﬁg 3t dafin bieRk Q&eisor

h of the dat
data ot or agerigs laegh Sich o BP0y Bp b febtss” Mo st & FBTAen B kng¥Bp)
data stor agharosgimblhﬁ andugtngasiead efickirg.dThere artmvmlr reachehghing erechiindsmsgsanecef

havhng mor Gmﬁ&pi?q{ &ﬁkﬁﬂfoﬂﬂm‘?ﬂl’ﬂ?&»ﬂhie@il&rﬁﬂé’b«fsw Gﬂ%&ﬁmb&&ﬂﬁiﬁ ﬁvmh@hltsm hrie
nee or an_ |1 gen

oV i i nat e OGTERY ¢ i As dﬁgt‘%wa‘iﬁ"é“’%‘t i &ceagasrw § Gl et 15 e
drive. Howestasise da\smqg*owﬁl&y e dmcarded 3t # Bae thawill ieerease tha frapagan thesystem

i denti fyi ngpeifiiniicesect or s of the disk drive are defective to be stored in a
different way. In order to solve this problem disk drive
operating data in the formof a defect list containing a list of all the

def ective data r 0 d s t n the
Ctorage. medta ob CrE Ryl ARSI o8t akd Forkfl MUBLAE I of RAME ot
into a RAM qﬂémwstwefwaérca@m datpcor §fosg WEife; speheqdags. CWhide eachigs dsheot irgguirgdfor #hgt i on
of the di sk)pdfanmeosastbhgé dévie, btitag btcﬁ)nﬁ\badtirﬂhldefeitﬁretdh&nh@rs@br?cl déQices. The

controller %Hﬂ 2h RAM Mfo?mqwn?egcaétpgﬂﬂﬁér che He bl Br Ak $8rabl de¥Re, NI S

approach requires an even nor er, nore co ev(fesk drive
firmvare to operate the controller and a |larger RAM nenory buffer than
woul d ot herwi se be required so that the data associated with the defect
list may be st odedndre recent develepmentsfif eompuier grebitedturoungvo serial lrod goelat ben of
the conpl exaréhitedfurds have beehl defifid wHiSBiplefidhll deid® iHitfatedthls-flabtkringl WelieeMinifidted he

75t appr odih pRIhE R £ Rlbhaity gl 855 o pye g SRR B AT

rrve con uses conpl e
and/ or di sKVi#tamia of rqaﬁwmsstsms@wm% rsidisionaliy, §ew¢estmtweddw~&a§tieveg a@vﬁw
storage | ocdeviconsbusadstet atrvill avithemchhyvotheecon@ollieg hard@are e SoftWalkd ¢tOthe Host: Bhe

defective h
consum ng dlf%la(epéﬁﬁﬂe%l émﬂﬁ’ ML&&%&E’ b% i@ﬂéﬂ{en‘in% ?ﬁsa@qgmﬁdg %éﬁ-{)m?QgJaPﬁf el Hégm
each time t‘}?é &'b‘ﬁB‘P‘bx &Fs‘ G ﬁ\% §pecifjcatipn ‘Rﬁ’iﬁ‘%“é‘tsdﬁ‘t‘sa"‘&ﬁ@“lsﬁbP'éfaoWa!s P¥is
down t he ovenBgdratipper ati on of the system Si nce storage devices

are typically electronmechanical in nature, the tinme required to access data
is much longer than the tinme required to access system RAM effectively

decr easi ng SySt%%hQ%Hlf}f:{EW}ﬁﬁ helel L gx%ﬁxtécﬁlr%%%@ R ody g&ﬁﬁccﬂo%t of
mech I t i t
devi 22' \ﬁm BFE 1P °%'sd f‘&F‘e‘? o 'n@rsvata{"#%ﬁ: i form %fﬂg@t%c#@gwoﬂ

BIOS Thls greatly reduces the dev1ces dependency on the host system BIOS. One current
example of this is the PCI bus architecture. Other bus architectures, such as the IEEE 1394 bus,

may add these capabilities in the future.

Referring to Figure 1, a typical current computer system, generally indicated by reference
numeral 10, including a complex IDE hard disk drive and a complex hard disk drive connected to
the system using a SCSI (Small Computer System Interface) adapter card and a PCI bus will be
described. As shown in Figure 1, system 10 includes a host computer module 11 (hereinafter
referred to in the specification and the claims as a host computer) having system BIOS ROM 12 or
otherwisc loaded system ROM code and system RAM 13. The system is operated using a system
BIOS code 14 and cither a system translating BIOS 15 or boot overlay translating BIOS software
which was either stored within system BIOS ROM 12 or loaded in system RAM 13 (shadow or
loaded). A host bridge 16 connects host computer 11 to an ISA bus 17 and a PCI bus 18.. A first
complex hard disk drive 19 is connected to ISA bus 17 using ribbon cable 20. Drive 19 includes



5 which has a high likelihood of being accessed by the system and storing
-that data in a fast access storage el enent such as RAM on the storage
device. Such a mechanismis commonly known throughout the industry as read
caching. There are several read caching nechanisms, some of which are
anticipatory in nature while others are based upon data retention. In _
addition, there are nmechanisms to retain wite data in a wite cache until
it is convenient to physically record igt to the storage device. Hopefully
this data is recorded at a time that will decrease the inpact on the system
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In a typical PCI based system as described above, when the system is turned on, system
BIOS 14 checks the system first for peripheral devices connected to ISA bus 17 such as complex
disk drive 19. In this case, when disk drive 19 is located, the system BIOS initializes disk drive 19
and configures it for use within the system. Hard disk drive 19 includes a RAM memory buffer 34
and the initialization process for hard disk drive 19 includes loading information such as a defect
list of all of the defective memory storage locations on the hard disk drive from the storage media
of hard disk drive 19 into a RAM memory buffer 34. This information is available for use by disk
drive firmware 21 throughout the operation of disk drive 19.

After the ISA devices have been configured, the system then checks for peripheral devices
connected to PCI bus 18 such as adapter card 24. When adapter card 24 is located, the system
BIOS checks to see if there is any Expansion BIOS associated with the adapter card. If there is
Expansion BIOS associated with the adapter card, in this case the Expansion BIOS in Expansion
BIOS ROM 26, the Expansion BIOS is loaded into RAM 13 by the system ROM code. Adapter
card 24, along with any attached peripherals such as complex disk drive 27, are then initialized.
The initialization process for hard disk drive 27 includes loading information such as a defect list of
all of the defective memory storage locations on the hard disk drive from the storage media of hard
disk drive 27 into RAM memory buffer 28 so that this information is available for use by disk drive
firmware 30 throughout the operation of disk drive 27. After system 10 is finished checking for
devices connected to the PCI bus of the system, the system BIOS goes on to load an operating
system which is used to control the operation of the overall system.



Referring to Figure 1, a typical current conmputer system generally

. indicated by reference nuneral 10, including a conplex |IDE hard disk drive
and a conpl ex hard disk drive connected to the systemusing a SCSI (Snall
Comput er System Interface) adapter card and a PCl bus will be described. As
shown in Figure I, system 10 includes a host conmputer nodule 11
(hereinafter referred to in the specification and the clains as a host
conput er) having system BIOS ROM 12 or. ot herw se | oaded system ROM code and
system RAM 13. The systemis operated Using a system Bl OS code 14 and
either a systemtransl(h%,i nrg Bl OS 15 or boot overlay translating Bl OS
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sector within hard disk drives 19 and 27. In a typical PCl based
system as descri bed above, when the systemis turned on, system

Referring now to Figure 2B, when application 35 makes a read/write request of complex
disk drive 27, operating system 36 receives the request and determines the logical address
information at which operating system 36 believes the data is stored within disk drive 27.
Operating system 36 then generates a read/write request to have disk drive 27 read/write the data at
the determined logical address. Device driver 37 translates the operating system logical address
information into system logical address information (translation #1). The Expansion BIOS
associated with SCSI card adapter 24, which was loaded into system RAM during the start-up of
the system, translates the system logical address information into SCSI logical address information
as indicated in block 38 (translation #2). Firmware 30, using controller 29, translates the SCSI
logical address information into physical cylinder, head, sector, and zone address information used
by the disk drive (translation #3) and checks the defective memory storage location list stored in
memory buffer 28 to make sure defective data locations are not utilized. And finally, after each of
these translations are complete, controller 29 reads or writes the requested information.

As can be seen by the above description, several translations are required in both directions
for each information request for both disk drive 19 and disk drive 27. These translations use
processing time, slowing the speed of the overall system. Also, this general approach requires a
complex translating BIOS or Expansion BIOS and complex disk drive firmware on the disk drive
in order to operate the currently available complex disk drives typically used in current systems.
These requirements add significantly to the cost of the hard disk drive by requiring (i) a greater
amount of ROM on the drive for storing the more complex disk drive firmware, (ii) a more
powerful processor or controller on the drive to perform the tasks of translating the address
information, (iii) a greater amount of buffer RAM on the drive for storing and manipulating the



Bl OS 14 checks the systemfirst for peripheral devices connected to | SA bus
. 17 such as conplex disk drive 19. In this case, when disk drive 19 is

| ocated, the systemBIOS initializes disk drive 19 and configures it for
use within the system Hard disk drive 19 includes a RAM nenory buffer 34
and the initialization process for hard disk drive 19 includes | oading
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the address information required by the lowest level of the disk drive firmware in disk drive 27 and

ii) identify and therefore not utilize the defective memory storage locations on disk drive 27.

Therefore, as described in general above, all of these tasks must be performed by disk drive

firmware 30A and 30B in disk drive 27 increasing the complexity and costs of the disk drive.

After these tasks have been performed by disk drive 27 and the command requested by host code

40 has been executed, disk drive 27 returns the appropriate information back to the host computer

as indicated by arrow 48.

When complex disk drive 27 receives a command from host code 40 of the host computer,
disk drive firmware 30A translates the address information into address information used by the
disk drive as described in detail above. Firmware 30A uses the defect information of disk drive
operating data 44 stored in RAM memory buffer 28 to insure that defective memory storage
locations are not utilized. By requiring complex disk drive 27 to carry out these functions and as
generally described above, complex disk drive 27 requires a more complex controller, more
complex firmware, and, in order to store disk drive operating data 44, a larger RAM memory
buffer than would otherwise be necessary. These requirements add further to the cost of the hard
disk drive by requiring (i) cven more ROM within the disk drive for storing the additional disk
drive firmware, (ii) a relatively large amount of RAM memory buffer space for storing disk drive
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Using the arrangement of the present invention, cache functions can also be provided using
system RAM. If this is the case, host executable firmware 30A in Figure 4, allocates a portion of
the system RAM for cache use. Therefore, the firmware 30A is able to issue unsolicited read
commands to the storage device which then fills the system cache RAM with data which the
operating system or application may request in the future. When such data is requested, it is
already resident in system RAM, and can be quickly moved to the locations specified by the
operating system or application program. Write cache is supported by allowing write data to
remain within the system cache RAM afier the firmware 30A reports to the operating system that
the data has been written to the storage device. At some later convenient point in time, the
firmware 30A issues write commands to the storage device in order to transport the data to the
storage device media.

Using system RAM for cache in accordance with the invention and as briefly déscribcd
above is much more cfficient and cost cffective than using storage device RAM. System R-AM



8 operating data of the conplex disk drive, and (iv) increased product

devel opnent and verification tinme and expense due to the increased

conpl exity of the drive. Referring to Figure 3, the operation of
typi cal conputer system 10 including a hard disk drive will be further
described. At this point, the operation will be described in ternms of drive
27, however, the operation of drive 1, would be carried out in a simlar
manner. I n order to operate conplex disk drive 27, host conputer 11
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information of disk drive operating data 44 stored in RAM menory buffer 28
to insure that defective nenory storage | ocations are not utilized. By
requiring conplex disk drive 27 to carry out these functions and as

general |y descrAp¥il badeseribed indatail hemginafier; thig arrangement sllpws many,of the fugetinng x
cont r ol | er rypicatiy renoired toxbef darrindaneby thecdonventionall eomplex bardrdiskdirivk fieknivare and

operating galidnéio bepdrireed by idhdkes8mipater. For Example, the function of address translation
to address information actually used by the disk drive and defective memory list management may
be performed by the host computer . This arrangement also allows the host computer to perform
other functions more intelligently such as read ahead and write caching functions as well as

perform functions which were not previously possible using the conventional approach of keeping
the disk drive firmware and data exclusively within the disk drive.

To this point, the operation of a conventional storage device has been described in detail
with reference to a hard disk drive. However, the general principles of data addressing, device
control, and data transport would be similar for other storage devices. For example, in the case of
a CD drive, the CD drive typically includes operating data and code for controlling the operation of
the CD drive. Since CD drives have not gone through the same extent of evolutions as described
above for the hard disk drives, they may not have the problems associated with the multiple
translations of addressing information. Other storage devices such as floppy drives, removable
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buffer than woul d ot herwi se be necessary. These requirenents add further to
the cost of the hard disk drive by requiring (i) even nore ROMwi thin the
di sk drive for storing the additional disk drive firmvare, (ii) a
relatively | arge anount of RAM nenory buffer space for storing disk drive

9 operating data 44 for use during the operation of the disk drive, (iii) a
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reduced, ii) the conplexity of the disk drive controller to be
significantly reduced, iii) the amount of RAM nenory buffer space required

to store tgghﬂgﬁgy@ﬁmmj@m @ data used during the operation of the

di sk drive to be significantly reduced or even elimnated, and (iv) the
product devel opment time and expense to be decreased. These reductions in
the requirements of the congonents of the hard disk drive conbine to allow
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Fi gure devicesing t@gedé)ub g}aftprg}g system has systenf&lAl\/{t agxch is associated with the host
computer and which is not part of the data storage device. The data storage device requires certain
device operating data/code in the form of device control means and device operating data to be used
to control the operation of the device. The arrangement and method for operating the data storage
device include storing at least a portion of the device operating data/code in the system RAM. The
arrangement and method also include allowing the host computer and/or the data storage device
access to the device operating data/code stored in the system RAM such that the host computer
and/or the data storage device may use the device operating data/code to control the operation of the
data storage device.

The operating data/code required by the data storage device which may be stored within
system RAM for use by the data storage device and/or host computer during the operation of the
system may include a wide variety of control functions and/or data. In accordance with the
invention, these operating data/code may include in various combinations, but are not limited to the

. following types of operating data/code. Some of the following types of operating data/code would
only apply to certain types of data storage devices while others would apply regardless of the type
of data storage device being used. These various operating data/code include: i) storing defect list
information identifying defective memory storage locations associated with the data storage device
in system RAM and allowing the host computer to perform the function of sorting thrmjg'h the



t he system RAM for cache use. Therefore, the firmmvare 30A is able to issue
unsolicited read conmands to the storage device which then fills the system
cache RAM wi th data which the operating systemor application may request
in the future. Wien such data is requested, it is already resident in
system RAM and can be quickly noved to the | ocations specified by the
operating systemor application program Wite cache is supported by
allowing wite data to remain within tjie systemcache RAM after the
firmvare 30A reports to the operating systemthat .the data has been witten
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system RAM 13 rat her than i he M nmenory buffer 28 of t ard dis
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descri bed abovein |3
entry also includes a variety of other fields of information which may vary depending upon the

speciﬁc data storage device being used. Some examples of information which the command list
entry may also include are: i) memory storage location information identifying the location of the
data on the storage device, ii) a buffer address identifying the destination host memory location
within the system to/from which data to/from the data storage device is to be transferred, iii) a
pointer identifying defective memory storage locations in host memory specifying a defective
storage location on the data storage device, iv) a pointer identifying the next command list entry,
and v) command status and error detection information associated with the particular command list
entry.

IEF DESCRIPTION OF DRAWINGS

The features of the present invention may best be understood by reference to the following
description of the presently preferred embodiments together with the accompanying drawings in
which:

Figure 1 is a block diagram of a prior art computer system using a ISA bus to connect a
first hard disk drive to the system and a PCI bus to connect a second hard disk drive to the system.



portion of the disk drive firmwvare, that is firmvare 30B, is required to be
., stored on board the disk drive for use during the operation of the disk
drive. Furthernore, in accordance with the present invention and as

i ndi cated by arrows 50 and 52, the arrangenent of the present invention
allows both firmvare 30B on the disk driyve and the firmvare stored in

system RAM t hat nz.,lu% oAl i NRICR dl?nQAm 1ﬂ6&|91ﬁ e oﬁérﬁllﬂmq{f 'tl\LQyQ nﬁ‘1 ﬂﬁ ld\%c‘?i
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functions 89V intelligently such as read ahead and wite cachlng functions
as well as performfunctions which were not previously possible using the
conventional approach of keeping the disk drive firmare and data
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reference t a mever rinciples of data
addreSS|ng, deV|ce control, and data transport would be simlar for other
storage devices. For exanple, in the case of a CD drive, the CD drive
typi cal |y i ncl ulfigerechis ngenena) btbak diagnanh itustratifgthe oation®ff arivys dfeeating datakcoden of
the CD dri\ged 1§kl{é(i$et%djéﬂa\66ﬁpm@r\€9sté}mncﬁﬁ alcBmPleg Rark BRK aamﬁn GeoRRAhceXHith
evol utions LS descri bed above for the hard disk drives, they may not have
the probl el BEEBHPYEPRY Wi th the multiple translations of addressing
information. OQther storage devices such as floppy drives, renovable
hard di sk drives, and various other storage devices also utilize operating
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particul ar type of device, the general principles would be siml r to those
descri bed above for a hard di sk drive. The present invention .
al | ows operatin%.data_and code tzplcally stored in the device itself and
igure 6 is a more detailed block diagram of one embodiment of the general block diagram

of Figure 4.

Figure 7 is a detailed block diagram of one embodiment of a command list format in
accordance with the invention.

Figure 8 is a detailed flow chart illustrating the operational use of a command list entry such
as the ones shown in Figure 7.

Figure 9A-C are block diagrams illustrating the operation of the system of Figure 5 when
an application program being run on the system makes a read/write request of the hard disk drive.



typically only used by the device itself to control the operation of the
device to be stored in system RAM In accordance with the invention,
storing the operating data and code in the system RAM al | ows t he host
conputer to use the operating data and code to control the operation of the
storage device. By using the host conputer to control sone of the
operations of the storage device, the cost and conplexity of the storage
device may be significantly reduced. A 0, since the processors within the
host conputer are usually nore powerful and since the system RAM may be
accessed nore quickly by the host system the performance of the overal
systen1na}Hﬂ@uLﬁﬂiﬁﬁ§B£££13UNNARY OF THE | NVENTI ON As will be
described in nore detail hereinafter, an arrangenent and nethod are

di scl osed herein for allow ng a host conputer naking up part of a conputer
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dat a/ code %Hiaﬁo h¥s RRRlKbddabse. tai n types of data storage devices while
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used. These various operating data/code include: i) storing defect |ist
information identifying defective nenory storage |ocations associated with

the data st or agiostomputer S¢andsystemRAM A3 prg made uppiagy seitablesad readibynrovdable
per f or m t heoniponeits whiclollowodisk driyetéDtobgdonhévted to host computer 56 and system RAM 58

using bus 64. These components include, but are not limited to, any conventional 486, Pentium®,
Power PC®, or RISC based components. Although host computer 56, system RAM 58, and bus
64 are shown having a particular configuration relative to one another, it should be understood that
this is not a requirement of the present invention. Instead, these components may be
interconnected in a variety of specific configurations and still remain within the scope of the
invention so long as the complex disk drive device 60 may be operatively connected to these
components.

Bus 64 may be any suitable and readily providable bus that allows for device initiated bus
mastering such as, but not limited to a PCI bus oi an IEEE 1394 bus. Although these specific
examples of suitable buses are listed, it should be understood that a wide variety of peripheral
buses, such as other parallel buses, serial buses, or multiplexed buses would also fall within the
scope of the present invention. If a PCI bus is utilized, the PCI specification dictates how any
Expansion BIOS associated with the complex hard disk drive device is loaded into RAM 58 of the
host system. Other bus configurations have corresponding specifications, and therefore, the
present invention will be described in detail assuming that a PCI bus is being used to connect.disk
drive 60 to host computer 56. The application of the invention to other peripheral bus



12 defect list to identify def ectlve menory storage |ocations associ ated
~Wth a particular read/wite request, ii) storing command |ists for
controlling the operation of the data storage device within system RAM and
al l owi ng the host computer and/or data storage device to access and

mani pul ate the command lists, iii) allocating read ahead buffer space
within system RAM and all owi ng the host systemto control a read ahead
function associated with the data storpgge device, iv) allocating a wite
cache buffer space within system RAM and al |l owi ng the host conputer to
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the follow ng description of the presently preferred enbodi nents together
with the acconpanyi ng drawi ngs in which:

Although disk drive 60 has been described above as being directly connected to the PCI
bus, this is not a requirement. Instead, disk drive 60 may be connected to the PCI bus in any
appropriate manner including the conventional manner using a SCSI adapter card as described
above with reference to Figure 1. As will be described in more detail hereinafter, all of the above
described configurations would equally fall within the scope of the invention so long as at least
some of the functions and/or data required for the operation of the disk drive are stored in system
RAM for use by the disk drive and/or the host computer during the operation of the disk drive.

Still referring to Figure 5, host computer 56 is operated using a system BIOS 66 which is
stored in a system ROM 68. After the start-up of system 54, an operating system 70 which is
loaded into system RAM 58 during the start-up of the system controls the operation of the system.
Complex hard disk drive 60 includes a disk drive processor or controller 72 and disk drive
firmware 74 which may be partially stored in ROM 76. Disk drive firmware 74 uses controller 72
to control the operation of disk drive 60. Disk drive 60 also includes a RAM memory buffer 78.



Fi gure | is a block diagramof a prior art conputer systemusing a | SA bus
.to connect a first hard disk drive to the systemand a PCl bus to connect
a second hard disk drive to the system

13 Figuree 2A is a block diagramillustrating the operation of the
system of Figure | when an application program being run on the system
makes a read/wite request of the first hard disk drive. Fi gure
2B is a block diagramillustrating thel®peration of the systemof Figure |
when  an application program being run on the system nmakes a read/wite
request of the bocenidnnbawith diepresetiinvgntion, system 54 inclydesenrtasgement foc loadinggr am
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format in a
not hmltedrl to, i) storing defe ct llst mPormanon identifying defective memory storage locations

associated with hard disk drive 60 in system RAM 58 and allowing host computer 56 to perform
the function of sorting through the defect list to identify defective memory storage locations
associated with a particular read/write request, ii) storing command lists for controlling the
operation of disk drive 60 within system RAM 58 and allowing host computer 56 and/or disk drive
60 to access and manipulate the command lists, iii) allocating read ahead buffer space within
system RAM 58 and allowing host system 56 to control a read ahead function associated with disk
drive 60, iv) allocating a write cache buffer space within system RAM 58 and allowing host
computer 56 to control a write caching function associated with disk drive 60, v) storing read
channel data within system RAM 58 identifying the control settings used by a disk drive controller
and allowing the disk drive access to the read channel data in order for the disk drive to properly
control its operation, vi) storing servo data within system RAM 58 and allowing disk drive 60
access to the servo data in order for the disk drive to properly control its operation, and vii) storing
the drive physical data within system RAM 58 and allowing host computer 56 to use this

information to perform the function of translating address information into address information
used by disk drive 60.

By storing operating data/code 80 in system RAM 58, these operating data/code do not
need to be stored in ROM 76 on the disk drive and/or memory buffer 78 on the disk drive as is the
case in a conventional system. This allows the size of ROM 76 and RAM memory buffer 78 to be
significantly reduced. Also, since in accordance with the invention many of the complex sorting
and translation functions may be moved from disk drive controller 72 to host computer 56, a less
complex controller may be used without sacrificing performance. The combination of these
reductions in the requirements of ROM 76, RAM memory buffer 78, and controller 72 allow for a
substantial cost reduction in provi'ding a disk drive device in accordance with the invention
compared with the conventional disk drive device. Also, since the more powerful host computer
processor is used to perform many of the functions conventionally performed by the disk drive,

these functions are performed more efficiently providing a higher performance system at a lower
cost compared to a conventional system.



Figure 8 is a detailed flow chart illustrating the operational use of a
command |ist entry such as the ones shown in Figure 7. Fi gure
9A-C are block diagranms illustrating the operation of the system of Figure
5 when an application program being run on the system nakes a read/wite
request of the hard disk drive. :

14 - DETAI LED DESCRI PTI ON Al t hough the invention will be descri bed
in detail using the exanple of a hard 1fisk drive, it is to be understood
that ‘the present invention would equally apply to other storage devices.
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provi dabl e Using the approach described in the immediately above referenced application, operating
data/code 80 are loaded from memory storage 62 into system RAM 58 during the start-up of the
system. This approach allows the size of ROM 76 to be minimized thereby minimizing the cost of
disk drive. In a third approach, the operating data/code 80 may be loaded into system RAM as part
of a loadable device driver. This approach is described in detail in the earlier referenced copending
United States Patent Application Serial Number 08/553,024 Although only three specific
examples of how operating data/code 80 are loaded into system RAM 58 are described, it should be
understood that the invention is not limited to these specific examples. In fact, the operating
data/code would not even have to be loaded into the system RAM during the start-up process, but
instead, could be loaded by the operating system after the start-up process is complete. Therefore,
the present invention would equally apply regardless of the specific method used to load operating
data/code 80 into system RAM 58.

A significant advantage of storing operating data/code 80 in the storage media of the disk
drive device and loading them into system RAM 58 as described in the referenced application is that
the operating data/code may be easily updated. Using the conventional approach of storing the
operating data/code in a separate ROM IC, updating of the code within ROM would require the
device to be physically disassembled in order to replace the ROM chip. However, using the
approach of storing the operating data/code in the storage media of the disk drive allows the
operating data/code to be updated by simply transferring an updated version of the operating
data/code into the storage media of the disk drive device. For example, if a bug is found in the
operating data/code or if a revised or improved version of the operating data/code becomes
available, the corrected or updated version may be made available on a memory storage medium
such as a floppy disk or CD which may be used to transfer the new version of the operating
data/code into the storage media of the disk drive device. In some situations, the operating
data/code may be stored in a protected portion of the storage media of the disk drive which is not
user accessible. In this situation, a utility program may be provided with the updated version of the



conponents which allow disk drive 60 to be connected to host conputer 56
.and system RAM 58 usi ng bus 64. These conponents include, but are not
limted to, any conventional 486, Pentium Power PC, or RI SC based
conponents. Although host conputer 56, system RAM 58, and bus 64 are shown
having a particular configuration relative to one another, it should be
understood that this is not a requirerit of the present invention.
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all ows device-initiated bus-mastering nay be I zed and” st fall wthin
the scope of the invention. As described in detail in copending

United States Patent Application Serial Nunber 08/553, 024, entitled METHOD
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system of Figure 3. This portion of the host executable firmware is indicated by reference numeral
40 in Figure 6. As also mentioned above and in accordance with the invention, disk drive
operating data 44 is stored in system RAM 58 rather than in the RAM memory buffer 78 of the
hard disk drive 60 as would be the case for a conventional system. Furthermore, a portion of the
disk drive firmware 74, indicated by reference numeral 74A and which compares with firmware
30A of Figure 4, is stored in system RAM rather than being stored in ROM on board the disk drive
device as was described above in Figure 3. Only a portion of the disk drive firmware 74, indicated
by reference numeral 74B remains stored on board the disk drive for use during the operation of
the disk drive. Firmware 74B of Figure 6 corresponds to firmware 30B of Figure 4. In
accordance with the present invention and as indicated by arrows S0 and 52, the arrangement of the
present invention allows both firmware 74B on the disk drive and the firmware stored in system
RAM, that is host code 40 and 74A, access to disk drive operating data 44 stored in system RAM.
Firmware 40 and firmware 74A, both of which are stored in system RAM 58 are host computer
executable and, as indicated in Figure 6, the combination of these make up a host executable
firmware 82 of system 54. And finally, since the disk drive being described for this embodiment is
a PCI disk drive designed to utilize PCI protocols, disk drive 60 includes configuration registers 86
used by the system to identify disk drive 60 during the start-up of the system according to the PCI
protocol.

Now that the general location of the various operating data/code used in the operation of
disk drive 60 have been described, each of the operating data/code will be described in more detail.



W t hout using an adapter card such as a SCSI adapter card. If this is the

., case, drive 60 may be provided in a variety of ways and still remain within
the scope of the invention. For exanple, disk drive 60 may be provided as a
plug in PCl disk drive board which is configured to plug directly into a
PCl connector of the PCl bus. In a second exanple, drive 60 may be provided
as a conbination of one or nore |IC disk drive control chips |ocated on the
mot her board of the host conputer withighe IC disk drive control chips
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operated using a oBm ored i n & system ROM 68. After
the start-up of system 54, an operating system 70 which is |oaded into
system RAM 58 during the start-up of the systemcontrols the operation of
the system Comjdileugththe durdtisks disdribed GOmediatelydbevenard iisltuddd withinthe disk ddre or
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drive 60 | NfuRctfohs ‘)8% %Mdgcﬁin t@ﬁﬁ&foinpgmaining in the disk drive. All of these combinations
would fall within the scope of the invention so long as at least some operating data/code associated
with the disk drive are stored in system RAM for use by the disk drive and/or the host computer
during the operation of the disk drive.

Now that the portion of the operating data/code that remain within the disk drive for this
embodiment has been generally described, attention is directed to host executable firmware 82
which includes host code 40 and disk drive firmware 74A. As shown in Figure 6, host code 40
includes boot support 88 which is provided as part of system BIOS 66. Boot support 88 may be
any suitable and readily providable boot support arrangement which allows the system to properly
initialize disk drive 60 during the start-up of the system. This boot support arrangement may take
on a wide variety of forms depending upon the specific processors, bus and other components
used to make up system 54. Firmware 40 also includes OS specific interface 90 which is provided
as part of the specific operating system 70 being used to operate system 54. OS specific interface
90 may also be any suitable and readily providable OS specific interface. This interface includes
the necessary information and code to allow the operating system to communicate disk drive related
requests and address information between the operating system and the host computer. And
finally, host code 40 includes PCI drive commanding 92 which includes the command protocol
required by the PCI bus and which is provided as part of system BIOS 66. PCI drive commanding
92 may be any suitable and readily providable PCI drive commanding arrangement which provides



dat a/ code 80 may include a wi de variety.of functions and/or data which are
required for the operation of disk drive 60 such as a portion of disk drive
firmvare 74 and certain disk drive operating data such as di sk drive
operating data 44 descri bed above in reference to Figure 4. As nentioned
above and as will be described in nore detail hereinafter, the invention
all ows operating data/code 80 stored in system RAM 58 to be accessed by
host conputer 56 and/or disk drive 60 2uch that host conputer 56 and/or

di sk drive 60 may use operating data/code 80 to control the operation of
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system and determining the appropriate action to take in response to the detection of the error. Each of
these functions will be described in more detail after the disk drive operating data which is stored
within system RAM has been described.

As was mentioned above with respect to the functions which remain within the disk drive,
it is to be understood that the specific functions which are moved into systemn RAM and which are
executable by the host system may include a variety of functions. These functions are not limited
to, or required to include the specific functions listed above for this cmbodiment. Any combination
of functions and/or data stored within system RAM would fall within the scope of the invention so
long as at least some functions and/or data required for the operation of the disk drive are stored in
system RAM for use by the disk drive and/or the host computer during the operation of the disk
drive.



17 Operating data/code 80 may be | oaded into system RAM 58 in any
.appropriate manner and still remain within the scope of the invention. For
exanpl e, operating data/code 80 nay be permanently stored in the
conventional manner within a ROM 76 on di sk drive 60, however, this would
reduce the cost savings described above. Using this approach, operating

dat a/ code 80 woul d be | oaded into system RAM 58 as an Expansion BIOS in the
manner describe in the background of td1e invention. Alternatively,
operating data/code 80, along with the magjority or all of the Expansion
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application is that the operating data/code may be easily updated. Using
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dat a/ code Imanipwiate the command lists. Also, it should be understood that the command lists being
described are simply one preferred structure for command management. A wide variety of other
mechanisms for sending commands from the computer to the disk drive may be used to providing
the command management function and still remain within the scope of the invention. These other
structures may include, but are not limited to, task file registers, data packets, etc.

Referring to Figure 7, each of the command list entries of the embodiment shown, which
are generally designated by reference numeral 128, includes six elements. The first element,
command element 130, contains the command for controlling the operation of the disk drive and to
be carried out by the disk drive. This command is one command selected from a predetermined list
of available commands for operating the disk drive. Following is a listing of the commands
supported by this preferred embodiment: NO-OP, ABORT, RESET, SEEK, READ, READ
SEQUENTIAL, READ LONG, READ VERIFY, READ BUFFER, WRITE, WRITE LONG,
WRITE BUFFER, WRITE SAME, STANDBY IMMEDIATE, IDLE IMMEDIATE, SLEEP, and
CHECK POWER MODE. Although these specific commands are supported by this embodiment,
it is to be understood that other embodiments may include other commands or exclude some of the



avai l abl e, the corrected or updated version nmay be nade avail able on a
. menory storage nedi um such as a floppy disk or CD which may be used to
transfer the new version of the operating data/code into the storage nedi a
of the disk drive device. In some situations, the operating data/code may
be stored in a protected portion of the storage nedia of the disk drive
which is not user accessible. In this situation, a utility program may be
provi ded with the updated version of tB?
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connecting all of the existing command list entries to form a circular linkage of command list
entries. This element indicates the address of a command list entry waiting to be executed. If the
current command list entry is the only command list entry to be executed this element would
reference its own command list entry. The sixth element of each command list entry is element 140
containing command status and error information. Disk drive 60 uses this element to write the
command status and any error information back to the current command list entry in system RAM.
This allows the host computer to be aware of the command status of the disk drive and also
provides a mechanism for notifying the host system of errors detected by the disk drive during the
operation of the command associated with the current command list entry.

Although the command list entries have been described as including a particular
combinations of elements in a particular order, this is not a requirement of the invention. Instead, it
should be understood that the command list entries may include a wide variety of particular
elements arranged in any desired order. All of these combinations would equally fall within the
scope of the present invention.

Now that the command list entry structure has been described, the operational use of the
command list will be described while referring to Figure 8 which is a flow chart illustrating the



devi ce as was descri bed above in Figure 3. Only a portion of the disk drive
.firmvare 74, indicated by reference nuneral 74B renains stored on board the
di sk drive for use during the operation of the disk drive. Firmvare 74B of
Figure 6 corresponds to firmvare 30B of Figure 4. In accordance with the
present invention and as indicated by arrows 50 and 52, the arrangenent of
the present invention allows both firmwvare 74B on the disk drive and the
firmwvare stored in system RAM that is Zgpst code 40 and 74A, access to disk
drive operating data 44 stored in system RAM Firmvare 40 and firmware 74A,
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of PCI drive I/O registers 164. This is the mechanism which a PCI disk drive uses to know that
there is a command for the PCI drive to process. At this point control of the process switches over
to disk drive firmware 74B.

In step 166, disk drive firmware 74B recognizes that there is a new command for the disk
drive by reading command count register 164. Firmware 74B then reads the command list entry
from host memory into its internal memory buffer 78 in step 168. In steps 170 and 172, firmware
74B processes the command and transfers the data by directly reading from or writing to data
buffer 161 in host system RAM 58. Next, in step 174, firmware 74B writes the command status
and any error information to element 140 of the command list entry in host memory. And finally,
firmware 74B updates a command complete register in PCI drive I/O registers 164 and issues a
command complete interrupt. This is the mechanism which a PCI disk drive uses to indicate that it
has finished a command.

In steps 178, host executable firmware 82 recognizes and clears the PCI drive command
complete interrupt. This transfers control back the host executable firmware 82. Host executable
firmware 82 checks the command status and performs any necessary post processing in step 180.
This may include error analysis associated with the error information in element 140 of the



Al t hough the functions described i medi ately above are included within the
_disk drive firmmvare which remains within the disk drive, it should be
understood that it is not a requirenment of the invention that this specific
conmbi nation of functions remain within the disk drive. Instead, as

menti oned above, the various functions may be conbined in a wide variety of
ways with sone of the functions described above being transferred into the
system RAM or with additional functiong4being included in the functions
remaining in the disk drive. Al of these conbinations would fall within
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Now t hat the portion of the operatlng data/code that remain within the disk
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the necessafd/d SPstseRiotnd thesdisk driygdtselfy FHigwayes 15 Prsen duvgption rgoves thix fupgtiop o
conput er 56the bosteemypreeriand parfoemsiths darction in@fsingledianglatione 60. As is the case
for boot support 88 and OS specific interface 90, PCl drive commandi ng 92
may take on a wide variety of specific fornms depending on the specific

hardware used t OAmﬁﬁm% in ¥&Légbﬁ4wﬁéﬁ%‘lﬁﬁf‘cgﬁémﬁo§}£&ntzb6 maR&Ctof bamPRES Athl N9
system used bX
est, operatmg system 70 receives the request and determines the starting theoretical, or logical,
data address at which operating system 70 believes the data is stored within disk drive 60 and the
amount of data to be read. In accordance with the present invention, disk drive firmware 74A,
which is executed by host computer 56, creates a command list entry 128 which is associated with
the read command and which is illustrated in Figure 9B. This command list entry includes the

READ command in first element which as described above is the command element of the
command list entry.

As described generally above, disk drive firnware 74A in systemm RAM 58 includes true
physical translation code 104 which translates the logical data address information used by
operating system 70 directly into cylinder, head, sector, and zone data address information actually
used by disk drive 60. True physical translation code 104 also sorts through defect lists 114 in
system RAM 58 to insure that the starting address for the read request is a known good address.
This known good starting address is placed in element 132 of the associated command list entry
shown in Figure 9B along with the amount or length of data to be read. In the specific example
being described, true physical translation code 104 determines that the read request from the
application program corresponds to ten sectors of data stored beginning at the known good
memory storage location of cylinder 23, head 1, and sector {.



system It should be understood that in systens using a bus and protocol

. other than a PCl bus and protocol, PCl drive conmandi ng 92 woul d be
replaced with drive conmandi ng code specific to the bus and protocol being
used. Al t hough the specific functions of Boot Support, OS Specific
Interface, and PCl Drive Conmandi ng have been described as being included
wi thin host code 40. it should be understood that this portion of the
firmvare is not limted to this speC|fh§ conbi nati on of functions. |nstead,
host. code 40 nmay i ncl ude additi onal tions or conbinations of functions
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i ncl ude th%sﬁgqgtgﬁlgggdm;alsga&sL&gﬁgﬂdabove for this enbodi ment. Any
conmbi nati on of functrons and/or data stored within system RAM woul d fall

wi thin the scope of the I nvention so Iong as at | east some functions and/or

datarequiredf(ég t he operati on_of tP?Fo kdrivg are stored I n _system RAM
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t he di sk drmaailable to the disk drive firmware of the disk drive has been described, it should be understood
that the invention is not limited to this specific embodiment. The particular protocol used to
provide this function may take on a wide variety of specific forms and still remain within the scope
of the present invention. This is also the case for other functions and/or data which may be moved
from the disk drive firmware of the disk drive to the system RAM. This includes the situation in
which only some or all of the disk drive data such as the defect list, cache buffers, read channel
data, or any other disk drive data is stored in the system RAM and the functionality remains within
the disk drive. Since the host executable firmware 74A of the present invention communicates
directly with the disk drive device without requiring the use of the system BIOS, a wide variety of
protocols may be used for the communication between the host executable firmware and the hard
disk drive. These protocols do not need to conform to the constraints of the system BIOS and
therefore a protocol may be used which maximizes the performance of the particular disk drive
device.

By having the system use the system RAM to store the defect information and use the host
computer to perform the translation and sorting tasks, in other words by shifting these tasks from



21 Referring now to disk drive operating data 44 in Figure 6, the
_types of data stored within system RAM for this enbodi ment will be
general ly described. As illustrated in Figure 6, disk drive operating data
44 includes defect lists 114, command |ists 116, read ahead buffer 118,
wite cache 120, read channel data 122, servo data 124, "and drive physi cal
data 126. These various types of data mAII be described in detai
hereinafter in conjunction with a detaiéed description of the operation of
the disk drive. O her disk drive operating data may al so be included with
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controlling the operation of the disk drive. In the enbodiment to be

descri bed bel ow, both the host system and the disk drive have access to and
the ability to manipul ate the command |ists. O her enbodi nents may only
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to, ht afs kt L | digk driR€ll FlthY donvéhtibimhl Bpedath tmustﬁtea in Figure 2A and 28f tﬁfeé ueﬂas bfrdnbigigne 7.
general ly g5 ?%“F“"a‘* g ot it Ao, 36cf HOR-TH IO M ol BT of o
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t he oper at iconfigifrationend zerie information nfitht disk drive thei farmwatet ofithe doheendomk disk drive.
Thi's comanglelr st R oRABRYGF thethRe 1&els of RMshitibh fASGIG W UdEhild thE actual physical
data storage location and then use this actual data storage location to cause the disk drive controller
to read or write the requested data. By eliminating this additional translation performed by the disk
drive firmware of the prior art system and reducing the translations to a single translation, the
approach of the invention speeds up the overall process of handling a read/write request from the
operating system and the disk drive and improves the performance of the overall system.

Although the function of translating the address information and sorting through the defect
list has been described as being done by the host computer, this is not a requirement. As is the
case for any particular function, this function may be done by the disk drive rather than the host
computer. If this is the case, the defect list may still be stored in the system RAM. The disk drive
would also be responsible for sorting through the defect list to avoid using bad storage locations.
This arrangement would still provide the advantage of not requiring RAM on the disk dnve to store
the defect list during the operation of the disk drive.



of avail able commands for operating the disk drive. Following is a listing
. of the commands supported by this preferred enbodi nent: NO OP, ABORT,

RESET, SEEK, READ, READ SEQUENTI AL, READ LONG READ VERI FY, READ BUFFER,

VWRI TE, WRI TE LONG WRI TE BUFFER, WRI TE SAME, STANDBY | MMVEDI ATE, |DLE

| MVEDI ATE, SLEEP, and CHECK POWER MODE. Al though these specific commands

are supported by this enbodinent, it is to be understood that other

enbodi ments nmay include ot her commands _gor excl ude sone of the

22 commands |isted above. Al of thesezgn‘oodi ments would fall within the
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the next suzgeaRldfo dRls§hiih RAMBIRY NostoRipA@E | ocation address relative to
the starting address giVven in el enent 135. This first successive defective
menory storage location is assigned a pointer which is conmunicated to the
di sk drive usi nq poi nter to defects el enent_ 136. The function of this

el ement will be lyeewentinegl disk drives thredish driveHirmvanewhigh centeols the opraationiof the
managenment drivedestesliebggically includes infoheatioa)h vatieussatings whiale Are tissdna edntkol slie

entry cont i3 c@nﬂ&ie‘ﬂt @neteseﬂm@ of' il is GRITVRIs '4hed treRARbeicY WY fodidte ' pﬁh ol ed

by refer enccg nuner a Jf38. JNlL's painter, 1S used . to cr eat‘f a :::1;{] e I.St

connect i ng fffreqfzopesot il disk ‘hﬁ""c Srmasntoned apoyen fdata assogipfed withand (e fyngtiopn of

| i nkage of movitiagthess chip settings or settings for controlling the operation of the drive controller may be
included as part of the functions and/or data loaded into host system RAM.

Although the peripheral bus has been described in the earlier embodiments as being a PCI
bus, this is not a requirement. As mentioned above, any bus which allows firmware and/or data
associated with the hard disk drive to be stored within system RAM for use by the disk drive
and/or the host computer would equally apply. One example of such a bus is a 1394 bus. Also,
although the addressing scheme for addressing the hard disk drive device has been described
throughout as using a CHS or cylinder, head, sector, and zone addressing scheme, this is not a
requirement. Instead, any addressing scheme including, but not limited to, linear addressing
schemes or holographic addressing schemes using XYZ coordinates to define memory locations
would also fall within the scope of the invention. Therefore, the present examples are to be
considered as illustrative and not restrictive, and the invention is not to be limited to the details
given herein, but may be modified within the scope of the appended claims.



enfries. This elenent indicates the address of a command list entry waiting
_to be executed. If the current command list entry is the only command |i st
entry to be executed this el enment woul d reference—+ts—ewn—comrand1ist
entry. The sixth elenent of each command list entry is elenent 140
cont ai ni ng conmand status and error information. Di H ”u Hu &Eﬂtthis
element to wite the command status and any error | o the
current command list entry in system RAM This allows the host conputer to
be aware of the command status of the #f# sk drive and al so provi des a
mechani sm for notifying the host systemof errors detected by the disk
drive duri NHATES CAMED I of the command associated with the current
command |ist entry. Al t hough the conmand |ist entries have .been
described as including a particul ar conbi nations of elenents in a
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bl ock 152. SfoPesdeyiceis4  host executable firmware 82 |ocates the next
command list entry 128 (descri bed above wth reference to Figure 7) and
adds the appropriate comand into the first elenent 130 of the command |i st
entry 128 (for exanpAgarfang@fsht scording teclaim 1 wherein the data storage device is a complex

hard disk drive.
3. An arrangement according to claim 1 wherein the data storage device is a CD drive.
4. An arrangement according to claim 1 wherein the data storage device is a floppy
disk drive.
5. An arrangement according to claim 1 wherein the bus is a PCI bus.
6. An arrangement according to claim 1 wherein the bus is an IEEE 1394 bus.
7. An arrangement accordihg to claim 1 wherein the computer controlled system is a

personal computer system.

8. An arrangement according to claim 1 wherein the device operating data/code
includes command list means for allowing the host computer to create command list entries in the
system RAM for controlling the operation of the data storage device.



command). As will be described in nore detail her
_host executable firnmwvare 82 uses physi cal data 126 and def ect |ist 114
which are stored in system RAM 58, to translate the mﬂyﬂM’m(umgml
i nformation provided by the operating systeminto 't ion
i nformati on used by the disk drive. This true physi cal "ocatiBn I nfor mati on
is put in the second elenment 132 of c@mand list entry 128. In step 158,
host executable firmmvare 82 | ocates rel evant defects in defect lists 114

and adds a defgct muaﬂ{,@enkmtn&oﬁinﬂmEinmi@@h&f:m%ﬁlmmﬂﬂulhﬂo%FmrEHﬁ fiYentqS: Next,

host executa ress to el enent 134 of
t he commwaluﬁ?‘isgtco'é'ﬂ‘f’ °fﬁ°"§r?®ﬁg lir%eperaltwpghhgg%#@gc NEspecific portion of
host system RAM 58, which acts as a data buffer 161, to be used for this
command. And finally, in step 162 host executable firmvare 82 wites the
next command c@unt AnGnangemBIrALErditELo claine g whteih eadh pahiRul@omkagkiligedtde Whi ch

s _one Of ioBldhesanoly lobdoh fildrithiigehfifing i Bedsitn biife SRE LAY rngC'

di sk drive uses re, | command

process. [ OReFed upen Mt the 83tk sterpesleviche process swi tches over to disk drive
firmvare 74B. In step 166, disk drive firmmvare 74B. recogni zes
that there is a new command for the disk drive by reading command count
regi ster 164. HRi.r mebaraeradgtBettecordingd slairh 8 whewimeach gartitilacddkrinand lieenkost

1750 i 1 it SRR s BRI B deobladfmt Ry R e SRR WA, | |
readi ng %WPB?“‘W’F"F?’H@ Lﬁ%&é“dst‘%{a Yig ?'ng‘i"' P‘S%‘{ system RAM 58. Next, in

step 174, firmvare 74B wites the conmand status and any error information
to el ement 140 of the command list entry in host nmenory. And finally,

fl I6 51 nwa{j e 74B upzlat en draf@ERNdc sl leaQn'SQQie&InGHacﬂ F&Giﬁrwmm&dhét%tw\;ﬁl SL ers
and i pechani ich a

Sl gt sk ?féllﬁggs ogngélt' ﬁoﬂﬁfxg.g %ﬁ%fcﬁ% .Eggéfﬁe%egl slo§ gte o%auon %‘ daafd

In steps $P@Ee Y- executabl e firmware 82 recognl zes and cI ears the PCl

drive command conplete interrupt. This transfers control back the host
executable firmvare 82. Host executable firmvare 82 checks the conmmand

status and perfxnr ”Ekr?d?ﬁéni&iéﬂﬁa‘é&fr&in@%lmrﬂ%@ﬂﬁ&ﬁi daéh paticalaEorkRfAd lidiRhey MY

:)][‘C't ﬁde el dcRiaeH inté: idenBR 3 theHeRibolintalla i} ady." O 1 NF O mELT ON o el ement 140

14.  Anarrangement according to claim 8 wherein each particular command list entry
includes command status and error detection information associated with the particular command
list entry.

15.  An arrangement according to claim 8 wherein the command list means includes
means for allowing the host computer to manipulate the command list entries located in the system
RAM.

16.  An arrangement according to claim 8 wherein the command list means includes
means for allowing the disk drive access to the command list entries in the system RAM,

17.  An arrangement according to claim 8 wherein the command list means includes
means for allowing the disk drive to manipulate the command list entries located in the system
RAM.

18.  Anarrangement according to claim 8 wherein the command list means includes
means for communicating command status from the disk drive to the host computer.



command | i st entry. Conpleting the overall process, in step 182, host
, executable firmvare 82 returns the conpletion status to the requestlng

operation system Al t hough the process des ! ng ﬂ been
ugesLand p Ot

described with reference to a systemusing a PCl bu

this is not a requirenent. O her systens using other = ocol S
woul d operate in a simlar manner and should be clear to those skilled in
the art in view of this disclosure. Ao, although certain specific
functions have been described as being carried out by host executable
firmvare storedlfn sé{racRermet acaerdiog inlaim§rwhereimibe deypoe opatating datgodei r nwar e
renai ni ng GiclideSprithaiy defédt st mehits fortoeating Hefécn iR vathiadie syierh RAMIES the memory

conbi nati o rﬁc-\ﬁctm ARGk SF 1R rIAVE. rpe%l% ﬁé}'ﬁéﬁ&&ﬂgmt\ﬂthﬁﬂﬁe E':Rz? &to%% ({éw% her

specific functions remaining in t referring to
Figures 9A-C the function of translating fromthe | ogical nenory |ocation
address information used by the operating systemto the physical nenory

| ocat i on addr es20i nf.An amdngementigmording td dlamdiOsthedin thecomrhdnd st mbascinéliddesl | n

detail . Inn@nﬁmeatabm@ahe &ﬂmnenstdmaks t6 kdférencd QY hddRs ithif tﬁe%ﬁﬁw@fe&eﬁw res
t hree transl.ations

C det ai |
carried out™VH§ e g"%t‘%g k—%ﬁ cﬁ'f' BPPRY St °F%%ﬁi‘f°3‘f‘?“ aﬁﬁ'%fs&ﬂ‘"{tﬁ%d%?%f Yeol
translator if an adapter card is present, and the disk drive itself.
However, the present invention noves this function into the host conputer
and performns thi2d. f uAorirgigement accaidmgltecldime2@svteteinghe device operating ddta/code

il uslt rat eOhnaﬁueEgﬁ%esre%sc m&anfoa&eeme big ﬁﬁ&d derecnrspertﬁmh%%tmm o\t
exanple, a

recei v f
det er i nes ‘P‘H@org %fmr?édrf rf E?WIX g‘e"a/%fl%n%‘éﬂv& §f°m°8'a H‘Eﬁa{é%'g ‘?'\Xﬁ?‘g’ﬁ’
oper ati ng sYjeegedeyioe.-bel i eves the data is stored within disk drive 60 and
the anobunt of data to be read. In accordance with the present invention,
di sk drive firmvare 74A, which is executed by host conmputer 56, creates a

command |ist enbhy 128 aWbHpeflert SccdRipG bahﬁdzxvmekhme fo%%eeamﬂ&n@mélum' ch
is illustrated gﬁll: f?lgﬂ‘ Thi s comman
command in ‘f‘fﬂ“g %ﬁ%

e he READ
E‘W'pé’ E?e'géfsi'%e%f B chg“ Wﬁ’ﬁh&’%‘flerrent of
t he conmandndringlly berstored in a memory locatiggshaying @miciywdy lgeation addrgss whish &,in theglovar i ve
firmvare 74fgdchiissyst em RAM 58 incl udes true physical translation code 104
whi ch transl ates the | ogical data address information used by operating
system 70 directly into cylinder, head, sector, and zone data address

information actyaglly  used b di sk drlve 60, True sical translation code
104 al so sorts tir ouff 2gEEE ml’?‘?fdé“gﬂﬁW%WHMWW’P@@%@P@SWS‘ES t he

starting adféreergingdhe gromen defectilist svith hetprimarydefecblist good address. This known
good starting address is placed in elenent 132 of the associ ated command
list entry shown in Figure 9B along with the anobunt or |ength of data to be

Code 104 deter pe%iefs' Eﬁ?f;%‘“g‘“g‘i"g : g?géggﬂiﬁﬂeﬁ‘ﬁﬁ*%%ggﬁf%%n mhm 3?43%0”
(0]

cor r esponds™ME3s °éﬁ“a§’
menory st or asgesidtedorithithnrctyal physicah lheation 3t whichntiie memarydocation ig stored within the data

storage device.

25.  An arrangement according to claim 8 wherein the cornmand list means includes
means for enabling the command list entry to reference a logical memory location address
associated with a theoretical location at which the memory location is stored within a theoretical
data storage device.

26.  An arrangement according to claim 8 wherein the command list means includes
means for linking one command list entry to another command list entry.



25 Figure 9C illustrates the portion of defect list 114 which is
. pertinent to this specific exanple. The letters A€ | um

of Figure 9C represent pointer addresses which ident] ific |ocation
within defect lists 114. The second, third, and foulh l H m n ')Euﬂspond
to the specific cylinder, head, and sector of each OF S menory

storage | ocations. Wien code 104 sorts through defect list 114 to ensure
the starting address is a known good ry location, code 104 al so
identifies the pext gﬁﬁ,g ' ' g7 =Yen ol Y I Ah O | owi ng
t he known 3800' gt? hrtéﬁg{ﬁa 'glj‘rléé'ggéé&idﬁgg (lyzgmc se %@%?‘f'ﬁ'ﬂ&drﬁé}:ﬁgﬁhg‘gdﬁgéure 9C,
the next sUR@BSEf (Rsludingadsstination addrss indicating the flestinatiqn memary loration withinithe, \whi ch
cor r es pondsystem to/transfdedatfiom the dafa storagedevisect or 2. Since this defective
menory storage |ocation is assigned pointer address C, code 104 inserts

poi nter address Cinto the pointer to defects element 136 (Figure 9B) of

t he associ at ed mrand list entry .12 0 pass . this informtiaon to,. the disk
irive. as di sk a1 von anEbph bt to el \Perdin 8 i SpORice Blals el
request ed iingludesmennsfor identiRying the aumber ohgemtigugusthosigremonblopations tg drarsées svitliinian
the poi nt ercoh@gudas Bsst adakessispate. 136 to obtain a predeternm ned nunber of the
successi ve defective nenory storage |l ocations fromdefect |ists 114 in host
RAM begi nning with the defective nenory storage | ocation indicated by

poi nter address_.C. In this case nly the first defective Locatjon which
corresponds to p?gl nt BPW'B%’E a‘{‘f%%g‘g)r(%‘fl%‘g‘alrﬁ'hef%" g‘ﬁge‘{"f'fPBFfﬁ%ﬂgidgﬁ)cB‘gﬁ ng read,
however, iningdudesr specific situations there may be many defective nenory

storage |ocations asgoCi amesls erd@nttfhﬁidﬁizﬁmh&o%ah@%dhé shine tyjde besoknnsiei 91 NG
98 portion &%ﬂ%‘é’a‘ia{e@pEév%lrs&r{?%an%fanﬂ' sk drive firmware 74B uses these
defective nmenory storage locatl ohs_which are specific to the data being
read to cause di sk dP) ve weans fosidertiyingthatthepqwcompeand aferencesdatapsthn datast or age
| ocat i ons adustagerdgvicewhibinis comigyouy ttle dad on the ditastorage devide rdfdrareel by the

Al t hough onj 3L f | e of the protocol for making the defect

i nformati oﬁ%ﬁﬁ%ﬁgﬁ%%ctsﬂgémk drive firmvare of the disk drive has been
described, it should be understood that the invention is not limted to
this specific enbodiment. The particul ar protocol used to provide this
function may t ak®. on Aa ampngement a¢cotdingdé clgiek wherein thedevicecnperating data/codarai n

wi thin the meaa@s. of the present invention. This is also the case for other

functions and/or dat Wﬂ'@l.] . be. r t k i fEL re _of
the disk drive to t hg) Sys em%ﬂ%ﬁﬁ‘ﬂ%ﬁ‘gh%?%?é’ﬁ%‘g‘éﬁ %é‘\eiy}%ﬁof%o%ngﬁs only
sone or al | angmmedistely pgvignsicypmandh andsych as the defect |ist, cache buffers,
read channel data, o0b) anymednk €oriddntifiying thavehe daw eommarglireferences host compaiest em RAM

and the fungisi0ahid whib¥Rorimmeaibdly Qontiguous to the host computer address space of the

immediately previous command.

31.  An arrangement according to claim 1 wherein the device opérating data/code
includes means for allowing the data storage device to communicate error information to the host
computer.

32.  Anarrangement according to claim 8 wherein the command list means includes
means for allowing the data storage device access to at least a second command list entry before the
completion of a first command associated with a first command list entry.

33.  Anarrangement according to claim | wherein the device operating data/code are
stored within the storage media of the data storage device and loaded from the data storage device
into the system RAM during the start-up of the system.



the disk drive. Since the host executable firmvare 74A 0 t

_invention communicates directly with the disk drive j i t hout
requiring the use of the systemBICS, a w de vari etu I w’ﬂMy be
used for the comunication between the host executabl ecfi A t he

hard di sk drive. These protocols do not need to conformto the corstraints
of the system BIOS and therefore a protocol may be used which maxim zes the
performance of the particular disk dri3ye device. : By having the
system use the syt em, RAV (e : | e host
conputer to perf)érﬁ‘m tnh'ém%ﬂ‘?“g%%%g?ﬁrcgﬁ}nggodg zgic‘)lflf\% %ﬁ @é@é"%ﬁe@%ﬁ#‘%@g‘%s by
shifting t hciadudes defect fisty¢antaining information on defective memory storage locations of the data

26 the har dsistige\devit® the host conputer, the cost of the hard drive may be
significantly reduced. Specifically, in a typical conventional hard drive,
the nenory buffer is |arge enough to store at |east 128 sectors of data

whi ch requires at,.l eagt 64K o . rge A i uf fer
is used to store_tsthe_. efec e_ %né%%bﬁétéglgﬂbglaﬁ{{gelhg?g%ﬂ#%@d%%ﬁoio_er

t hr oughout t 9péectingaadditiprnl defectivemempry Riopgs peatiopy onsthe,datyHorpgrdeyiss andiwhereln the | 1y
syst em RAM r deviee bperdiiap dithyeodstrvhidy glowh defectaianadement radansifor menaginguietstosifip hhde r
memory  buf f CheclRN Bnd/REfioh sﬂH&Adagiomaef@aﬁ,L mf¥fnoR/ gux&sau&la?omgﬁ%é@sdmge
menory buffer. A%o since a signiticant anount of the tasks perforne y
the conventi ¥%™ di sk drive firmware of a prior art disk drive have been
noved into the system RAMin the form of host executable firmvare 74A, the
disk drive controller and the disk drive firmvare remaining within the disk
drive may be sigrigli cantahingemen acorgilga claiihi &ha¢ip tealevicodpeaing dutd/wds

expensi ve di i ] i . : nce
of P ‘he di sk %Klugr!s cglﬁgﬁxgigﬁsf AkdEto tcx%at?% cHffindid QI]QH& WIRAHELEE bRfaR& ST BB

rive and, because the lexity of the disk drive firmware
renai ni ng wi quﬂlt{nq]%oemlgrkolgﬁq%sfqr?g'eﬁgﬁ?ee 74B) is significantly reduced,
this approach significantly reduces the ROM storage space required to store
the disk drive firmvare. The conbination of these cost savings results in a
substanti al over d@?. cesitanaspeman acdontingo blaindl dheakindhel dedcelemtagingdhta/code
accor dance Wil RqdseadRh&RE YatalcOMARE Aformation giving prOp chiitfol SAHBIIRMR dBth sdobigs
approach is that only one translation needs to %e per for med bet ween t he
operating syg‘?"é‘i“n and the disk drive. Because the system RAM i ncl udes the
defect information 114 and information on the zones and the specific
physi cal configuration of the disk

38.  An arrangement according to claim 1 wherein the device operating data/code

includes servo data for properly positioning the read heads of the data storage device.

39.  An arrangement according to claim 1 wherein the device operating data/code
includes drive physical data containing information detailing the specific physical configuration of
the data storage device.

40.  An arrangement according to claim 1 wherein the device operating data/code
includes means for providing a read ahead capability and means for allocating read ahead buffer
space within system RAM for storing the read ahead data.

41.  An arrangement according to claim | wherein the device operating data/code
includes means for providing a write caching capability and means for allocating write cache buffer
space within system RAM for storing the write cache data.

42. A data storage device for use in a computer controlled system in which the data
storage device is connected to a host computer using a bus which allows device-initiated bus-



drive 126, host executable firmware 74A is able to translate the | ogi cal
. data address information fromthe operating systemdirectly into the actual
physi cal data address information used by the di sk drive. Tn the

conventional approach illustrated in Figure 2A an I of
translation are required to performthis functi onjl%Hm,!m”gﬂ}@m‘r Bl CS or
translating BIOS of the conventional system do not fiawe a SSs he
defect information or the specific phyggcal configuration and zone
information of the disk drive, the firmvare of the_ conventional disk drive
i tsel f musthyarag HsHn Bvingisystem RAM whigh isassoriated with thethosscomputerraand which

det er mi ne ftidwet pat afalhe ahysworapaldevic] the ditostogge deviva kdqifingbhalntevicelGRratikg S

actual dat %a&QJqugeg%id@cetc nﬂ%ﬁskﬂ@?ﬁ%%g%%%a&?&?”&& t%rco%t%l fgad or

wite the requeste i el 1'm na g ] 0 i onal “translation
performed Bperudns offihedevies, deast apoftion of te device aperating dataicods being located i thejuci ng
the transl aysteamRAMDduting ktre@peraddnaii teaysteam thetdaen seypqpe dendite fnptitisg:i nvent i on
speeds "up the overalheqt %mi.gg thE @R bag Rviceaidbird &t?egEt?%U&ﬁﬂ of &Q@VH;{IE

operating system an he dj.s rive I hproves t he Ormance of_ t
oeer al | gy&%‘ﬁ‘f"g daffeode s‘°’°‘LU‘ lfiﬁdlr‘éﬂ" F%&P?“ﬁgﬁ’ﬁ ‘g‘hsﬁ s'?‘?%rf@]”ﬁef MaUse e dgtier ess

i nf or mat i oeperntithgsiotalcodato comwligdopetatiodef ect |i st has been descri bed as being
done by the host conputer, this is-not a requirement. As is the case for
any particular function, this function may be done by the disk drive rather

than the host c ut gr hS ' Skl be
stored in the s;g/g'}t)e mgﬁﬂﬁ/%&?%‘gaﬁ}cg Eccg*ralﬁ‘\gg@va@u ,%?\gtl‘egeg& g‘é%‘éé‘g‘%ﬁ%?@%&
sorting t hrbslies PrRes fRrsiodips Witkip sysimuRaMdhe Rartiop of the datasiomge deViRe APF@EE.  Thi s
ar r angenentdaatadawisith is locpedini sgserh RAMfbw asetdugeg the opepstion ©fjthe systegn. RAM on t he
disk drive to store the defect list during the operation of the disk drive.
27 In conventional disk drives, a fairly |arge RAM nenory buffer is

provi ded as part,,of i J: \/ I i isk.drjves, a
Dor t1 on of -t i o o raipuly St afohint Hos' B PR EC SR 80 Ra piefitd ¥l
However, adopsAmPYeidacanyiesemmppicatewiikadata storpgaflevispconnecisido the hast tompitaron t o
be noved f rmems dnsingchi bk wilich ulovisaletibeinitiated basnpstéring, thBgatslaomge delics reqhicing

Tomory. caciia i Aot Beiad RlRMe R e R BT OBk R eniland ik FPRaR0ad o
Wb 1 e usst t Forpal tiappesaiion of e fevice e BREPUFRRPRIPERICGHRYES, | o por i on of
the RAM nmenory buff e@) i s siwiogatdeasta porticnef thedbdce operatipg datadotle inthechosti RAM;

al l ows thi gpffunction to also be noved fromthe disk drive to the host

conmput er. By doing t@'-s, hl?SI st em RAM.may be, used to provide the nenory

space for the wite élC heal W@F% aﬁa%‘pﬂggflew e and/or the EosE conppu%r means access to at
least a portion of the device operating data/code stored in the host RAM such that the data storage
device and/or the host computer means may use the device operating data/code to control operation

of the data storage device.




reduci ng the anount of nenory buffer RAM necessary within the disk drive.

. As nmentioned generally above, the firmvare for controlling the read or
wite cache may remain in the disk drive or be noved to the system RAM of
t he host conputer. In conventional disk drives, the disk drive
firmvare which controls the operation of the drive controller typically
i ncludes information on various settings which are used to control the
drive controller. One exanple of this is the various data read/wite rates
associated with the different zones of3#he disk drive. As nentioned above,
data associated with and the function of providing these chip settings or
settings for METHOD AND! ARR HEMENT FOR KA LVOWIN
i ncluded as part ¢ ¢COMMVONICATEEN A2 ty5A O A G ¥
Al t hough the perfiT ' ’ ] ) (T podi ment s
as being a PCl bus, this is not a requirenent. As nentioned above, any bus
which allows firmvare and/or data associated with the hard disk drive to be
stored within system RAM f or usABSTRACT QF PASCLOSIRE nd/ or t he host conputer
woul d equal |y apply. One exanple of such a bus is a 1394 bus. Al so,
al t hough the addressing schene for addressing the hard disk drive device
has been descri bgdohpietaiPsticd SstedPinBlded aQalR sRirage ik viBEEnnectRAqE 2 nGE Edrfifincrand

zone addressi.n che his, 1.5 not requi rement, | nstead, an ressj n

e o B DS bReH, oM deyipestinatsd Yok TRAS A sy TEEsyaRBVR AV which 1"

hol ogr aphi c assdeinted svithgthe best remputer ang which isaot garhaf the data strbgendevieendihy data

| ocat i ?ns W@Mfa@e advice r{:@iﬂcs %hhidav(jiEMe&ﬁﬁ@&}tﬂéodf hmthjh Wﬁfigé)ﬂeet c-EH@éI?ﬁefﬁﬁs%ndt he
resen exa .eS_arl (0] I as . USL.I',a V.e a no re r| Ct,l \,e,

P The |+ mrdBideonBlafind dha15 o6 MU |ABhES] yRoptrpldf ey N aBper BRI o™

be nodi fi ed fetiapriaHng the datastaragsrdeyvice inghidensaringatdeaska portion of the device operating

28 WHAT | SdathbddSh théssystem RAM. The atrangentefit andeethod firtheointludd Alkaving he diost

including a gahesifRA e difYi6Ege QVRRGLELs {°th8 dPASE operating data/code stored in the
system RAM such that the host computer and/or the data storage device may use the device
operating data/code to control the operation of the data storage device.

Figure 4



conputer using a bus which allows device-initiated bus-mastering, the
‘system havi ng system RAM which is associated with the host conputer and
which is not part of the data storage device, the data storage device
requiring certain device operating data/code in the form of device contro
means and device operating data to be used to control the operation of the
devi ce, an arrangenent for operating the data storage device, the
arrangenent conpri sing: (a) nmeans for storing at |east a
portion of the device operating data/cP?Z in the system RAM and

(b) means for allow ng the host conputer and/or the data storage device
access to the device operating data/code stored in the system RAM such t hat
‘the host conputer and/or the data storage device may use the device
operating data/code to control the operation of the data storage device.

2. An arrangenent & [ng to claiml| wherein the data storage device
is a conplex hard di gk i v An arrangenent according to
claiml wherein the d st ] drive. 4. An
arrangenment according to]Jclaimi1l waér ei g 0a ﬂCQ.is a

fl oppy disk drive. 11 5. [ Fai m |
wherein the bus i | . bus

1 ) SF%“ES ?;mgeme bus is an
| EEE 1394 bus (Prior Art} 7 . ) - 1 wherein
the conputer controlled grstemits—a ! 8.

An arrangenent according l(ofEl a g\l erern t e device operauang dat a/ code
i ncl udes command |ist nmeans{ yor/ all owi ng the host c ter to create
command list entries in2&héé§ eh RAM for control ling ™e operation of the

data storage devi ce. 424 n 10
1 27
32
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Figure 2A (Prior Ar) Figure 2B (Prior Art)



29 9. An arrangenent according to claim8 wherein each
~particular conmand list entry includes a command for controlling the
operation of the data storage device. 10. An arrangenent
according to claim8 wherein each particular conmand list entry includes
menory |l ocation information identifying the |ocation of the data storage
device nenory to be operated upon by the data storage device. 11.
An arrangenent according to claim@8 wherein each particular command |i st
entry includes a buffer address identifping the destination menory |ocation
within the systemto and fromwhich data to and fromthe data storage
device is to be transferred. 12. An arrangenent according to
claim8 wherein each particular conmand list entry includes a pointer
identifying a next successive defective nenory storage |ocation on the data
storage devi ce. 13. An arraggenent according to claima8 wherein
each particul ar connanQﬂPlst entry in j

command |ist en i

y .
wherei n each pa ticular coﬁ%and I and
error detection{i bnj assoc list
entry. apra u t he
command |ist ne Es negﬁg 1 gb o]
mani pul ate t he St |ed6ri
16. An arrangg¢neniggaccordfng to 'm8 whe Ft nmeans

i ncl udes

48

Figure 3 (Prior Art)
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means for allow ng the disk drive access to the command list entries in the

:syst em RAM 17. An arrangenent according to claim8 wherein the
command |ist nmeans includes nmeans for allowing the disk drive to manipul ate
the command list entries located in the system RAM 18. An

arrangenment according to claim8 wherein the conmand |ist neans incl udes
means for conmuni cating command status fromthe disk drive to the host
conput er. 30

19. An arrangenent according to clai@ wherein the device operating
dat a/ code includes primary defect |ist ans for creating a defect |ist
within the system RAM of the nenory | ocation addresses of defective nenory
storage locations within the data storage device. 20. An
arrangenment according to claim 10 wherein the command |ist nmeans includes
means for enabling the command |list entries to reference an address within
the primary defect list which corresponds to a specific defective nenory
storage |l ocation address within the defect list. 21. An
arrangenment according to claim 20 wherein the device operating data/code

i ncl udes grown defect list neans for creating a grown defect list within
the system RAM of the nenory | ocati on addresses of newly identified
defective nenory storage |ocations-within the data storage devi ce.

22. An arrangenent accordj NGeiaaclaim 21 wherei palig B own defect |ist
means i ncludes neans for alTo iléi- re-assign the nenory
| ocati on of data which woul 68 adRenory | ocation having

a nenory | ocation address whic 70
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defect list. 23. An arrangenent according to claim22 wherein
the conputer systemincludes neans for nerging the grown defect list with
the primary defect |ist. 24. An arrangenent according to claim
8 wherein the command |ist neans includes nmeans for enabling the conmand
list entry to reference a physical nenory |ocation address associated with
the actual physical |ocation at which the nenory location is stored within
t he data storage device. 25. An arrangenent according to claim
8 wherein the command |ist neans includes nmeans for enabling the conmand
list entry to reference a |ogical nenor4/Tocation address associated with a
theoretical location at which the nenory |ocation is stored within a

t heoretical data storage device. 26. An arrangenent according
to claim8 wherein the command |ist neans includes neans for |inking one
command |list entry to another conmand |ist entry.

31 27. An arrangenent according to claim38 rein the command
i st means includes neans for including a destination dress indicating
the destination nenory location within the systemto te®insfer data fromthe

dat a storage devi ce. 28. An arrangenent aé“ording to claiml
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29. An arrangenent according to claim1l wherein the device operating
_dat a/ code includes: a) nmeans for identifying that a new
command is the sanme type of command as an i nmedi ately previous command, and
b) means for identifying that the new conmand references data on the
data storage device which is contiguous to the data on the data storage
device referenced by the i nmmedi ately previ ous comrand. 30. An
arrangenent according to claiml wherein the device operating data/code

i ncl udes: a) means f®y7identifying that a new conmand is
the same type of command as an i medi ately previous command, and

b) means for identifying that the new command references host conputer
address space which is not imediately contiguous to the host conputer
address space of the i medi ately previous comand. - 31. An
arrangenment according to claim1l wherein the device operating data/code

i ncl udes neans for allowi ng the data storage device to comuni cate error
information to the host conmputer. 32. An arrangenent according
to claim8 wherein the command |ist neans includes neans for allow ng the
data storage device access_to at least a second command |ist entry before
the conpletion of a fegrst jcogngrrt oUTiTate = rst conmand | i st
entry. 33. = Anjarga i B%c pi m | wherein the
devi ce operating data/ odé a#e ¢ sgo pge nedia of the data
storage device and | oad®d {f rdm Pl £ i nto the system RAM
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32 34.

An arrangenent according to claim1l wherein the device

:operating data/code includes defect |lists containing information on
defective nenory storage |ocations of the data storage device. 35.
An arrangenent according to claim1l wherein the systemincludes neans for
detecting additional defective nmenory storage |ocations on the data storage
devi ce and wherein the device operating data/code include grown defect
managenent neans for managi ng the storing and accessing of the | ocation of
the additional defective nenory storagegshocations for future use by the

system 36.

An arrangenent according to claiml| wherein the

devi ce operating data/code includes conmmand |ist nmeans for creating command
list entries which include commands used to control the operation of the .

data storage devi ce. 37.

An arrangenent according to claiml

wherein the device operating data/code includes read channel data

contai ning information givigng proper cqntrol
ccor

devi ce. 38. AntarranEenent
devi ce operating data/cod
read heads of the data st
according to claim1 wher
physi cal data contai ning

configuration of the dat

according to claim1l r
for providing a read ajiea
buffer space within system RAM for { st

ettings for the data storage
kng cld§n11 wherein the

Yy positioning the

ngenment
gli hcl udes drive

ar r angenent
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a g read ahead
*ad aheadldata
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42. = A data storage device for use in a conputer controlled systemin
which the data storage device is connected to a host conputer using a bus
whi ch all ows device-initiated bus-

33 mastering, the system having system RAM which is associated with the
host conputer and which is not part of the data storage device, the data
storage device requiring certain device operating data/code in the form of
device control nmeans and device operating data to be used to control the
operation of the device, at |least a poglpon of the device operating
dat a/ code being | ocated in the system RAM during the operation of the
system the data storage device conprising: means for

al l owi ng the data storage device access to at |east a portion of the device
operating data/code stored in the system RAM such that the data storage
devi ce may use the device operating dat a/ code to control its operation.

43. A data storage device accordi erein the data storage
device further includes neans for_# oﬁnﬂg@n!ﬂy&ms,stenlRANIthe portion of
the data storage device operati rR§0Sekes . s located in system RAM
for use during the operation of thg - 44, A et hod of

al l ow ng host conputer neans havi ng ated with the host
conputer nmeans to -conmuni cate Wy jevi ce connected to the
host conputer neans using a bus whi device-initiated

h al | o

bus-nastering, the data storage deyi ce Tnadhysicang cﬁrtain devi ce operating
data/code in the formof deviceg trol Trmstiga and plevi ce operating data to
be used to control the operation o e deyrce e met hod conprising the
steps of: (a) stofThng at reast a portion of the device
operating data/code in the host RAf BiskPrive Conuoller (b) al l owi ng the
data storage device and/or the H8st—computer—neeans! access to at |east a

portion of the device operating data/code stored in the host RAM such that
the data storage device and/or the hos ﬁB@% means may use the device
operating data/code to control operatlon 0 e data storage devi ce.
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