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Thi s i nvewDioon83¥eat at es in general to interfaces between cecpdBBmssand

peri pheral data storage devices and nore particularly to an adapter, a
converted data storage device, and a nethod of operation of a converted
data storage device enabling high function interface capabilities for data
storage devi ces. Background of the Invention Low cost or comodity disk
drives are HoadoER,NeoiVERTES @dTii 4TORACRIDERICENASE MEYBGIEOE. oHRBpUiaw oHizsk drive

interfaces for such | ow cost. distef! hMASardrAck WG rcd Or exanpl e, SCSI (Snall
Conmputer System Interface) or ATA (Advanced Technol ogy or AT Attachnent).

These disk drives may have a very high capacity and have hi gh performance
char act erfiield cxf Wwemtadrnt ached to a single system The majority of
comodity disk drives only attach to a single host systemwth a sinple
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t he nost ’st‘é’!: CQ st systens. Such attachnment interfaces to conmodity
di sk drives ave |mtat| ons when used for high function, high
availability systens. One interface choice for nmultiple host systens is SSA

(Serial Bacharnyad Arfchhe doyvertdpnwhi ch is designed for nultiple host systens

on the sane |oop and includes functions to retain availability of the

network when %stéioes@op %?A&%Kf&sjk deteQ ré&LnE.Ha{}Fttl QEEe'&gwﬁ)hSE%BSlecan
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high capacity and have high performance characteristics when attached to a

single system.

The majority of commodity disk drives only attach to a single host
system with a simple interface that does not enable the disk drive to be
used where access is required from multiple host systems. The ATA
interface can only attach a disk drive to a single host system. SCSI
interfaces architecturally permit multiple host systems at the expense of
reducing the number of disks possible. Usually, SCSI interfaces are used
on single host systems or, at the most, with two host systems. Such
attachment interfaces to commodity disk drives have limitations when used

for high function, high availability systems.

One interface choice for multiple host systems is SSA (Serial
Storage Architecture) which is designed for multiple host systems on the
same loop and includes functions to retain availability of the network
when systems or disks fail. With SSA, malfunctioning systems can be
fenced out to permit all the other systems to continue operation. SSA
networks are cabled as a loop, so any failure of a disk drive will not
prevent all the systems from continuing to operate to all the other disk
drives. To improve performance in SSA, data is sent on separate wires
from those used to receive data. Data can therefore be sent and received
concurrently by any node. Another example of an interface which supports

multiple hosts is the FC-AL (Fibre Channel Arbitrated Loop) interface.
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i nventi oﬁopi%ﬂllhﬁésnchr?oaﬂ%ﬁérdlﬁéeﬂflf’és connect a corrrmdl ty disk drive to a
different interface that has a higher function capability than is
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device, thg-aeaptesccesOMY k&VdId1 ®dekl st interface for connection to the
interface of the data storage device; a second interface for connection to

one or nore host systens; a processor including conversion neans for
convertln%ﬂ@%ﬁhéﬁdgl—éﬁﬂﬂﬂéﬁ% between the first and second interfaces;
wherein the adapter transfornms the data storage device to emul ate
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disk drive.

It is an aim of the present invention to provide for converting data
storage devices, such as commodity low cost disk drives, to an interface

which provides increased availability and performance.

In one embodiment of the present invention there is provided an
adapter for converting an interface of a data storage device, the adapter
comprising: a first interface for connection to the interface of the data
storage device; a second interface for connection to one or more host
systems; a processor including conversion means for converting commands
and data between the first and second interfaces; wherein the adapter
transforms the data storage device to emulate physically and logically a
higher availability and higher performance native data storage device, the
adapter having a first connector compatible with the first interface for
attachment to the data storage device and a second connector compatible
with the second interface for attachment to the one or more host systems,
the first and second connectors being disposed in the adapter in a back to
back arrangement and the adapter logically separating from commands

destined for the data storage device, data destined for the adapter.



adapter having a first connector conpatible with the first interface for
attachnent to the data storage device and a second connector conpatible

wi th the weasmnsBssat erface for attachnment to the one or nDPETHGEB/0635SE ens,
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transmission means is a light pipe.

In one embodiment, the adapter may provide power to the data storage
device through the first and second connectors and power for consumption
locally by the adapter is regulated from a 12 Volt supply in order to

emulate the power consumption of a native data storage device.

In the prefered embodiment, the first interface may be a single host
interface such as an ATA interface or the first interface may be a
parallel interface such as a SCSI interface. The second interface may be

a serial multiple host interface such as a SSA or a FC-AL interface.

According to another embodiment of the present invention there is
provided a converted data storage device comprising an adapter and a data
storage device, the data storage device having a first interface and the
adapter converting the first interface to a second interface, the adapter
comprising: a first interface for connection to the interface of the data
storage device; a second interface for connection to one or more host
systems; a processor including conversion means for converting commands
and data between the first and second interfaces; wherein the adapter
transforms the data storage device to emulate physically and logically a
higher availability and higher performance native data storage device, the

adapter having a first connector compatible with the first interface for



Accordi ng to anot her enbodi ment of the present invention there is provided
a converted data storage device conprising an adapter and a data storage
devi ce, tWwe odasm3st orage device having a first interface acad/aBw/oosdapt er
converting the first interface to a secgnd interface, the adapter
conprising: a first interface for connection to the interface of the data
storage device; a second interface for connection to one or nore host
systens; a processor including conversion nmeans for converting conmands
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native data storage device. In a prefered enbodinent, the first interface
may be a si ng|]'é1 ﬁlb%tembodlment the adapter may provide power to the data storage

device through the first and second connectors and power for consumption
locally by the adapter is regulated from a 12 Volt supply in order to

emulate the power consumption of a native data storage device.

In a prefered embodiment, the first interface may be a single host
interface such as an ATA interface or the first interface may be a
parallel interface such as a SCSI interface. The second interface may be

a serial multiple host interface such as a SSA or a FC-AL interface.

According to another embodiment of the present invention there is
provided a method of operation of a converted data storage device
comprising an adapter and a data storage device, the data storage device
having a first interface and the adapter converting the first interface to
a second interface, the method comprising: the adapter receiving commands
and data destined for the data storage device; the adapter converting the
commands and data from the first interface to the second interface; the
adapter and data storage device physically and logically emulating a
higher availability and higher performance native data storage device;
wherein the adapter receiving a command with a header that identifies
whether the command is destined for the adapter or for the data storage
device; the adapter extracting information from the header and directing

the command to its correct destination.
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) Brief Description of the Drawings

An embodiment of the invention is now described, by way of example

only, with reference to the accompanying drawings in which:

Figure la illustrates a block diagram of an apparatus in accordance

with the present invention;
Figure 1b illustrates a block diagram of a detail of Figure la;

Figure 2a illustrates a simplified plan view of a disk drive with an
adapter in accordance with the present invention shown with a transparent

cover;

Figure 2b illustrates a simplified side view of the disk drive of

Figure 2a;

Figure 3a illustrates a side view of an adapter in accordance with

the present invention;

Figure 3b illustrates a view of a first side of the adapter of

Figure 3a;



Brief Description of the Drawi ngs An enbodi nent of the invention is now
descri bed, by way of exanple only, with reference to the acconpanyi ng
drawi ngs wo oalosisbe Figure la illustrates a bl ock di agram etCTtarBoappssiat us in
accordance wth the present invention; Figure Ib illustrates a block

di agram of a detail of Figure la; Fi gu?e 2a illustrates a sinplified plan
view of a disk drive with an adapter in accordance with the present

i nvention showmn with a transparent cover; Figure 2b illustrates a
sinplified sidaguit€ewcoiltuseratieska diiewefoh sddogirddaot FEhelxaepSar okl ustrates
a side vigw,of ;a0 adapter in accordance with the present invention; Figure
3b |IIustrates a viewof a first side of the adapter of Figure 3a;, WO

03/ 083636 PCT/ GB03/00851 6 Figure 3c illustrates a view of a second side
of the adapt erFighre R glistBatesandiiapryure & mirresadeatesden i agianPee a

m cr ocodesiirader ptésenecor@daticm. W th the present invention. Description of
the Preferred Enbodi nents The enbodi nents descri bed herein use exanpl es of

disk drives with S éq)treggacgsE ei.n N onverted to SSA interfaces;

however , m&%ﬁ P these specific types of

|nterface or to disk drives. Referring to Figure la, a plurality of host

conput er s 101, Th:0&yboliddentisSdgcovbade Hercilheudsr skagqorpusedssk Gkivd0Rit1 03 have

?nfg??ggeﬂﬁenﬁterféd&%eﬁél% e M Ehed %o asshi' gxh:écr'ﬁg'@éé Oﬂoswsel%'egh tﬁgadls%h?b%l}lﬁiéyh
whi ¢ scri i S._an ace e host

conput er s-*187" thtfd 'i%sthﬁf"é sé’Sﬁhfcei‘& %?egnngﬁngérﬁfal%oor 18 Qvﬁ%l ¢h'rs a serial

bus in a loop architecture which transmts using SSA protocol. Also

provi ded on thesSSAnkoop Fifdrd Sap spbuimliiity o@f hakitskoprutees 1008,10210%3 110

that attagh, Ls%h@& S%ﬁ?hggp éo%ue@z% @apaﬁfslog%neda Seclid ¥ope 108, 109,

110 has a flrst |nter ace 1.n orm n_AT.
1nterface w 1ch is a high function, ﬂigh avaligbf%lty fﬁtggfa§e $h1ch in

this described embodiment is an SSA interface. The host computers 101,
102, 103 are connected on an SSA loop 104 which is a serial bus in a loop

architecture which transmits using SSA protocol.

Also provided on the SSA loop 104 is a plurality of disk drives 108,
109, 110 that attach to the SSA loop 104 via adapters. Each disk drive
108, 109, 110 has a first type of interface in the form of an ATA or SCSI
interface. Each disk drive 108, 109, 110 has an adapter 105, 106, 107
which is attached between the disk drive 108, 109, 110 and the SSA loop
104. The disk drives 108, 109, 110 are comnnected to the adapters 105,
106, 107 by means of buses 111, 112, 113 which transmit the protocol of
the interfaces of the disk drives 108, 109, 110.

Devices other than disk drives can be converted to a high function
interface such as an SSA interface using the described adapter. 1In the

described embodiment the adapted devices are disk drives.

Figuré 1b is a detail of one disk drive 108 and adapter 105 of
Figure la. The disk drive 108 has a queue 114 for queuing commands to be
executed. The disk drive 108 has an interface 115 of the first type such

as an ATA or SCSI interface.

An adapter 105 is provided for converting the second type interface
of the host computers 101, 102, 103 which in this described embodiment are
SSA interfaces 117, 118, 119 to the first type interface of the disk drive
105 which in this described embodiment is a SCSI interface 115.



interface. Each disk drive 108, 109, 110 has an adapter 105, 106, 107

which is attached between the disk drive 108, 109, 110 and the SSA | oop
104. The wWDk/0s8Bves 108, 109, 110 are connected to the adapicBs/0i$3D, 106,
107 by means of buses 111, 112, 113 whigh transmt the protocol of the
interfaces of the disk drives 108 109, 110. Devices other than disk drives
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105 in the form of SCSI messages and data and the adapter 105 processes

these and converts them to SSA messages and data which are sent to the
relevant host computer 101, 102, 103. The relevant host computer 101,
102, 103 is identified by the adapter 105 from the retained information

regarding the originating command.

In this way, a disk drive 108 that is only designed to attach to a
single host system (e.g. ATA) can be connected to an interface 122
designed to attach to multiple host systems. A disk drive 108 designed to
attach to multiple host systems (e.g. SCSI) attached through an adapter to
enable the performance and availability characteristics of a given
interface (e.g. SSA) can also attach to multiple host systems. The SCSI
disk drive 108 in this configuration only sees a single host system i.e.
the adapter 105. The adapter 105 uses an adapter card between the
interface 115 of the disk drive 108 and the host computer interfaces 117,
118, 119. The adapter contains hardware and firmware that converts from
the interface protocol of the host computer interfaces 117, 118, 119 to

the protocol of the disk drive interface 115.

Figures 2a and 2b show a plan view and a side view of a carrier 200
housing a disk drive 201 with an adapter 202. Typically several carriers
are mounted in an assembly termed a drawer for ease of insertion and

removal. The carrier 200 can slot into a storage system and has a handle



101, 102, 103. Information fromthe disk drive 108 is sent to the adapter
105 in the formof SCSI nessages and data and the adapter 105 processes

t hese andwomawgise t hem to SSA nessages and data whi ch ar eCyaR30a851 he

rel evant host conputer 101, 102, 103. The relevant host conputer 101, 102,
103 is identified by the adapter 105 from the retained information
regarding the originating command. In this way, a disk drive 108 that is
only designed to attach to a single host system (e.g. ATA) can be
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03/ 083636 PEHGRYB/ Gb8SHskglrigs #H Fams stibhief wrsdl P04 1ps dGhveht i onal SCSI
or ATA diiskeflfaic¥ eo2@lrdiAaaceent oad@ctorand0datanrédvsedeédsk drive 201 di sposed
at the opposite end of the carrier 200 to the handl e 203. Conventi onal

carriers 200 housi SCSI _or TA disk drjves_have s roo r vgent
of the disk drT?‘\‘°7ea‘{21’%iel§(/:m§toﬁilns Sﬁ"én (%{altrér(eltt‘-il%i 250 9HEE Egagggl ecsg}t1 gsag;gttgf 202

to be corfREBtdFdatrrinked gisRuitdpeams 20H WiEa HeRE fhbark seenedRhec’r 205
native t @nehentestordsdyas20dr a(wyghc funaribhi $idesoribdd lémbddiemdiace | such SCS|
connect ory29%5)ssWi thrapt, ipedifdecation of the native interface. The adapter
202 is housed in the <carrier 200 such that the carrier physically enmul ates

a disk drive for the interface to which the disk drive 201 is converted.
The adaptew 202 this embodiment, the connector 302 is an 8SA standard connector

and as the adapter is converting the disk drive 201 to be physically like
a native SSA disk drive, the connector is a male unitized or cable
connector. The SSA connector 302 is a moulded and keyed set of connectors
with modularized functions. Each unitized connector 302 has four
functional groups of contacts, two bus bays 304, 305 for data signals, a
power bay 306 to supply operating voltages to the disk drive, and an
option bay 307 that includes provision for extra features. Each bay 304,
305, 306, 307 is individually keyed by its moulded shape. The bays 304,
305, 306, 307 are surrounded by a mating bay 309. A cable or device
connector (not shown) matches the signals of a single bay. The contacts
308 of the comnector 302 lie on the top and bottom surface of the moulded
keys of the bays 304, 305, 306, 307 and can be either long or short.

The second connector 303 mates with the native connector 205 of the
disk drive 201. In this described embodiment, the native interface
connector 205 is a SCSI connector. In the figures, the second connector
303 and the native connector 205 are shown in the form of 80 pin SCA

(single Connector Attachment) connectors.

In order to achieve the back to back arrangement of the connectors
302, 303, the connectors 302, 303 cannot be mounted on the printed circuit

board 301 using through mounted connector pins. The connector pins 320,



renovable fromthe disk drive 201 such that if there is a fault with the

adapter 202, the disk drive 201 can still be used with its native
i nterfaceworosasyepl acenent adapter and data recovered. ThecadapBess202 is
shown in detail in Figures 3a to 3c and is in the formof a printed

circuit board 301 with back to back confectors 302, 303. One connector 302
is for a high function, high availability |nterface such as an SSA, FC AL
interface. In this enmbodi ment, the connector 302 is an SSA standard
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and stabilit Q the t 0 f 311,
312 313, 214 %nglsse gﬁg%gﬁgct%rs cf’;h%asfi % érgﬁ subfUEtE 2.8 YRURLINY SBb ke

'the second connector 303 parallel to the printed circuit board 301 with a
small space between the second connector 303 and the printed circuit board
301. The connector pins 321 of the second connector 303 extend from the
underside of the second connector 303 and are surface mounted on the
printed circuit board 301. A mounting pin 313, 314 extends though each of
the end supports 324, 325 and the printed circuit board 301.

In this way, the connectors 302, 303 can be mounted back to back in
a space-saving arrangement which allows the adapter 202 to convert the
disk drive 201 to be physically similar to a native disk drive whilst

providing mechanical strength and stability to the comnnectors 302, 303.

In an alternative embodiment, the connectors 302, 303 could be
mounted on separate printed circuit boards in a back to back arrangement,

with cables connecting the two printed circuit boards.

The adapter 202 has LEDs 208 provided on the inner face 207 of the
adapter 202 which indicate the operation of the adapter 202. Light pipes
206 can be provided between the inner face 207 of the adapter 202 and the
front face 204 of the carrier 200. Light from LEDs 208 on the printed
circuit board 301 of the adapter 202 is transmitted via the light pipes
206 to the front face 204 of the carrier 200 and can be seen when the

carrier 200 is encased in a storage system.



circuit board 301 are used. The first connector 302 has a planar support
318 which is nmounted parallel to the printed circuit board 301 with a
smal | spawe bmegisween the printed circuit board 301 and thecplGBuanosuppor t
318. The connector pins 320 extend fromthe connector 302 through the

pl anar support 318 to be soldered to the printed circuit board 301. The
pl anar support 318 is attached to the printed circuit board 301 by neans
of four nmounting pins 311, 312, 315, 316 which extend through the planar
support 318 anthetd@crppddtiasbteirr zad tnda2sdeiz0 tonvemeedfdikheimwe rtoinge pi ns
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carrier carr 1S encased | a st orage
syst em mtg@? (}83@3@3.15)@”5@3@3}' Gm]}nterface 1n the form of a high function,

high availability interface such as an SSA interface which supports

multiple hosts.

An adapter can be used to connect a data storage device such as a
disk drive to a different interface that has much higher function
capability than is available with the interface native to the device.

This can then provide much higher availability for interface failures than
is available with the native interface and also allows devices to be
removed and replaced without disrupting operations to other devices on the
interface. The device attached to a different interface appears as a
single unit on the new interface and all the host commands from the host
to which the device is attached are directed to the device as though it

was a single device on the new interface.

All commands are destined for the data storage device but the
adapter strips off some of the data that has been sent on some commands
and uses it for the adapter’'s own purposes. The adapter also implements
the function of combining data from the data storage device and data from
the adapter into a single response, so that a host is unaware that

separate components are being sent.



10 The descri bed adapter 202 enables the converted disk drive 201 to

enmul ate electrically a native disk drive. As well as providing for the
transl at i wo o3fosice prot ocol between the first and second iparasBoamess) the
adapter 202 nust provide power to the sk drive 201 through the unitised
connector 302, and the adapter 202 nust 1be provided with power for its own
function. In disk drive sub-systens, power is typically provided to the
disk drives as a 12V supply for notors (spindle and actuator) and a 5V
supply for thecebeser @iintsadusthdedagideded to. tidteo peperatiesettyigieal | y

avai | abl ewhl&l; Od%ta?e 183 3UPRlGY thd e L BRta host REAERSEs 128 s SBhePQYRIce
consunptlon onverted device (conprising a native disk drive plus

the adapt®erye e tgh‘ég oV\%’r ‘for the adapter is regulated locally on the

adapter card from the 12V supply. This results in a nodest increase in the
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destined for thg,dat aisieRbage ¢avd 68 MU nbheicaskpkeforS thé PSapidr.soMe Of
the data that has been sent on sone commands and uses it for the adapter's

own purposes. The adapter al so inplenments
Device microcode - This is the new microcode for the device.

When the download microcode command is received by the adapter it
determines from the header data where the new adapter microcode is located
in the following data and rewrites the adapter memory accordingly. From
the header information it locates the new microcode for the device and
supplies this to the device by issuing a command across the interface to
the device to download new code to the device. When both the download to
the adapter and the download to the device have completed, the host is

informed that the original download command has completed.

With this technique it is possible to download new microcode to
either the adapter, or to the device or to both as this information is

held in the header.

The host is unaware that there are two quite separate devices
attached that have their own processor and microcode and so no change is
required to host applications for download of microcode to a device that
attaches to the host interface even though this unit now consists of two

separate units connected by another interface.



the function of conbining data fromthe data storage device and data from
the adapter into a single response, so that a host is unaware that

separ at e worposssBs s are being sent. WO 03/083636 PCT/ GBO3/Po@85Hn3/0d851

M crocode downl oad nmust be achieved to ]Ehe two separate entities which are
t he adapter and the device froma host hat considers the device to be a
single unit. Downl oad of new m crocode is achieved by a single command to
the device that supplies all the new mcrocode starting froma specified
host menory |mcatdeanforlliee Mdapocn@euPpadkiange thbiaing so dbwntPadeckrdarsitst s of

three ar %Stragsggr&%aeﬂm al £, adapteradHicg AcodRe aREl {he e, cendrugineede.
Header area - IS consists of fiel ds t hat define the Iength of the

header, t%@ssc}’ﬁ}‘t'l“ﬁéj ARRFPESY 6 STWACaUAPEer i crocode and the l ength of

t he adapter m crocode and the starting address of the device m crocode and
the length of robesdieyvic®ribcione ot ekinglr erepostions the reatisreréneahd@® whi ch
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starting he adapter m crocode | ength 403, the device

S 0
m cr ocodef%§tték?et ?ih‘cg §6 ress 404 and the device nicrocode | ength 405. Adapter
m crocode - This is the new m crocode for the adapter. Device mcrocode -
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by i ssui ngaageommeridoacgwdsvdlhe interface to the device to downl oad new
code to the device. Wien both the download to the adapter and the downl oad

to the device hayve compl eted,. Ikh%ﬁh% %%éete&{%o&@%gbi}haghé% 9£\}egl g@a[t

downl oad comand has conp Iet nique 1I't IS possih
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m crocodel o no gh

nee %e reported to fully understand the level of the

hardware being used.

The engineering change level of an SSA disk drive is reported using
a 10 byte field in an Inquiry command. In order to report the change
level of both the adapter and the disk drive using the same Inquiry
command, the adapter creates a 10 byte field to report a composite field.
The 10 byte field engineering change level field reported by the adapter
in an Inquiry command consists of the lowest 5 bytes of the disk drive
engineering change level in bytes 1-5 and the lowest 5 bytes of the
adapter engineering change level in bytes 6-10. Anyone using this
information reported in an Inquiry command can then determine exactly what
the engineering change level is of each component of the adapter plus disk
drive combination. The host computer is unaware that the information that

has been returned is a composite of information from two components.

One disadvantage of adding an extra component to the disk drive is
that there will be an increased rate of failure of the combined disk plus
adapter compared to the failure rate of just the disk drive. This means

that data will be lost more frequently due to failures.

To avoid data being lost more frequently in the disk plus adapter
configuration, all adapter failures are reported using error codes that

cannot be reported due to disk failures. The service action to recover



required to host applications for downl oad of mcrocode to a device that
attaches to the host interface even though this unit now consists of two
separ at e woilBmsimeannect ed by another interface. WO 03/ 08366 TRBCEE3/ 00851
12 In order for the adapter plus disk attaching to the SSA interface to be
transparent froma SSA disk attaching to the SSA interface, the adapter

pl us di sk nust appear as a single device. For sone information, for exanple
reporting the engi neering change |evel of the hardware, separate data nust
be ret ur redmfionlihes abaptreporndhedeoney legrdf sloddrisvee dhange dbe adepfienage t he
manuf act Wakr-B0:idRGuP AN hSIng N0 aDfk APMFE PAS tede dilskl SriGRM®Mot orfabitae for
each SUb'af%%SPrp%leXei 1;8,8)stemsan iogepﬁé' fier ;that, describes the conmbination
of design changes that aré enbodied rn a given sub-assenbly. Such an
identifier is described as an "Engineering change" level or EClevel. In

t he case of a Thpskvethenve agdrmodef iy boms sentiley pade o B@e 8vrdgot iatwithaut
report ed fyatdiegSHmassenbbye be tephashti Ssnvantfgh.character field. For
conposite sub-assenbly such as the conbination of disk drive and adapter
descri bed herein, the adapter and the disk drive each have a separate EC

| evel that need to be reported to fully understand the |evel of the

har dwar e bei ng used. The engi neering change | evel of an SSA disk drive is
reported using a 10 byte field in an Inquiry command. In order to report
the change |I|evel of both the adapter and the disk drive using the sane
Inquiry comrand, the adapter creates a 10 byte field to report a conposite
field. The 10 byte field engineering change |level field reported by the
adapter in an Inquiry conmand consists of the | owest 5 bytes of the disk
drive engineering change level in bytes 1-5 and the |owest 5 bytes of the
adapter engi neering change level in bytes 6-10. Anyone using this
information reported in an Inquiry conmand can then determ ne exactly what
t he engi neering change | evel is of each conponent of the adapter plus disk
drive conbination. The host conputer is unaware that the information that
has been returned is a conposite of information fromtw conponents.



One di sadvant age of adding an extra conponent to the disk drive is that
there will be an increased rate of failure of the conbined di sk plus
adapter cwopangd3co the failure rate of just the disk driwer/GBuwsosseans
that data will be lost nore frequently due to failures. To avoid data being
| ost nmore frequently in the disk plus adapter configuration, all adapter
failures are reported using error codes that cannot be reported due to

di sk failures. The service action to recover WO 03/083636 PCT/ GB03/ 00851
13 fromfailures that report these neerxgMsor code is to change the adapter
card without changing the disk drive. As the disk drive is not replaced

after these failures, ﬁgﬁo data on, the d g ts 4 rovenent s .and

modi f i cath-ons ACaBEFESE f?flvteﬁtélrﬁgo?%gloll Rt ace Podt agsa?lfage Yot t he
scope of comerigiegent invention. WO 03/ 083636 PCT/ GB03/ 00851 14 CLAIMS 1.
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2. A converted data storage device, said data storage device comprising
an adapter and a data storage device, said data storage device also having
a first interface and the adapter converting the first interface to a
second interface, the adapter comprising:

a first interface for connection to the interface of the data
storage device;

a second interface for connection to one or more host systems; and,

a processor including conversion means for converting commands and
data between the first and second interfaces,

wherein the adapter transforms the data storage device to emulate
physically and logically a higher availability and higher performance
native data storage device, the adapter having a first connector
compatible with the first interface for attachment to the data storage
device and a second connector compatible with the second interface for
attachment to the one or more host systems, the first and second
connectors being disposed in the adapter in a back to back arrangement and
the adapter logically separating from commands destined for the data

storage device, data destined for the adapter.

3. An adapter as claimed in claim 1 or a converted storage device as
claimed in claim 2, wherein the adapter comprises a printed circuit board
with the first connector mounted on a first surface of the printed circuit

board and the second connector mounted on a second surface of the printed
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7. An adapter or converted storage device as claimed in any preceding
claim, wherein the indicator device is an LED and the transmission means

is a light pipe.

8. A method of operation of a converted data storage device as claimed
in any of claims 2 to 7, comprising the steps of:

receiving commands and data destined for the data storage device;

converting the commands and data from the first interface to the
second interface;

emulating a higher availability and higher performance native data
storage device the adapter and data storage device physically and
logically;

receiving by the adapter a command with a header that identifies
whether the command is destined for the adapter or for the data storage
device; and,

extracting information from the header and directing the command to

its correct destination.

9. A method as claimed in claim 8, wherein the command with a header is
a package of microcode to be downloaded and wherein the package of
microcode has a header, microcode for the adapter and microcode for the

data storage device, wherein the header includes information of the



6. An adapter or converted storage device as clainmed in any preceding
claim wherein the adapter has one or nore indicator devices and a
transm sswon3dngmBs for transmitting the indication to thepertaBooossof the
carrier housing. 7. An adapter or conv ed storage device as clained in
any preceding claim wherein the indicator device is an LED and the
transm ssion nmeans is a light pipe. 8. A nethod of operation of a
converted data storage device as claimed in any of clains 2 to 7,
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to the second interface; emulating a higher availability and higher
performance native data _storage device the adapter and data storage device
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be downl d&Jefmaanth TR &Y EPHWOBERYage of microcode has a header, microcode
for the adapter and m crocode for the data storage device, wherein the
header includes information of the WO 03/083636 PCT/ GB03/00851 16 | ocation
of the adapter or data storage device microcode in the package and the
| ength of the adapter or data storage device mcrocode. 10. A nethod as
claimed in claim9, wherein in response to an inquiry comrand, the adapter
sends a reporting field including information relating to the adapter and
to the data storage device, the receiver of the reporting field being
unaware that the reporting field contains information fromtwo conponents.



