; MNe3e96<(d6RT' - MAGAZI NE FOR A PLURALI TY OF REMOVABLE HARD DI SK DRI VES
Technical Field The present invention relates to a magazi ne“ﬂﬂmlmhwmummnma

i brary of hard disk drives. Background of the Invention La

conputing devices often enploy a library of renovabl e conputer mBamry nedi a
to provide for increased storage capability and the sharing of nedia by

multiple hosts. In such a library) the nedia are shelved i S
for retrieval by a robotic picking apparatus or "picker." Blmﬂqu&ommmmw for
optical disk media is described in Dimtri et al., U S Patent No.

5,377,121, which is herein incorporated by reference in its entff¥'y. Tape

cassettes aRGATEVAFORGOPIURALITY OF REMEN ABLEHARDBISRIDRIVES at | east one

drive receptacle coupled to one or nore host conputers that nmay read or

wite to th F dia. When a host requests a particular nmediumin the
| i brarys cker is typically commanded to travel to the storage bin in

the library where the nediumis shelved, grip the nedium renove the nedium
from t he stIhegrpeenbinmention wlateb totagnagazikedon usainiadibragjraf had Hisk/dnvgs.i nput / out put
("I'1O") connections with the host, insert the nediuminto the drive, and
power the drive. A problemw th these prior art libraries is that optical
nmedi a provides relatively slow reading and witing, while tape nedi a

provides relatively s]ow random access. In recognition of these probl ens)

t he co&?&b@ﬁﬂ@ﬂ@iﬂ!ﬁ&%y of hard disk drives was 1  devel oped, which is

t he subject of the assignee's conpanion application entitled LI BRARY OF
HARD DI SK Dfaigéistale tonfputingddavicesditen Bmploy iadibranustiramnovable ddiputet fndmdred on Apri |
26, 200l incorporated herein by reference in its entirety. According to the
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disk drive froma destination receptacle that is coupled to the one or nore
host cUfhyliEary, theamerdiaars shelverbin storage, Fgtrigyal Ry #wopetic picking apBArags 9% i des t he
advant age of relative speed as conpared to libraries enploying optical or

tape mpitka.” ESuch aidker for 6pticH dibkinvedi is datited it Danivhardl, UissRate o, are
exchanged in the library to remain within the close nechani cal tolerances

concepts oL T IR oo e eRe B Y el S baieter e o © 1
common library media. The library has at least one drive receptacle coupled to one or more host
computers that may read or write to the media.
When a host requests a particular medium in the library, the picker is typically
commanded to travel to the storage bin in the library where the medium is shelved, grip the
medium, remove the medium from the storage bin, travel to a destination drive having
input/output (“I/O”) connections with the host, insert the medium into the drive, and power the
drive.
A problem with these prior art libraries is that optical media provides relatively
slow reading and writing, while tape media provides relatively slow random access.

In recognition of these problems, the concept of a library of hard disk drives was



the disk drive and I/O connections to the host conmputers, and the robotic
pi cker retrieves the selected disk drive fromits storage |ocation) carries
the disk drive to and inserts the disk drive into the destination
receptacle. The disk drive is then powered and spins up to its operating
speed. Finally, when this operating speed is reached, the data on the disk
drive may be accessed by the conputer. As may be readily appreciated, al
of this novenent takes tine, and efforts are constantly being nade to
decrease the tinme required to access nenory elenents in the library. D sk
drive f Vi | | i t as RAID
%e%cﬁ:e@, WHId ¥/ ih% § | { ﬂ{é%’é?ne @cg?gdlgglal)%oﬁ' Eﬁghé’a‘ilomﬁ‘ﬂéh 1 BRARS OF

("redun t array o expensi to gal n speed, redundancy, or
bot h. However. the 2 disks in the array_ar hysi.cal |y, separate and

i st | TEARB S RER R U ropBieaiog €0 e SR A By SR pah ey ey and
installed into or renoved fromthe destination backplane separately by the

pi ckerincgpoddtcdhemtntsréftente ilibenteyr e, Acbiding ttothe ¢dneepe hamd diskedrivemyret r eat t he
RAID array as a single disk, the tine required to set up the array for use

by the, co ] Lt iRl . . js Lot nay.
Nbreoﬁﬁﬁéﬂgg% %&g%% 86%@%R§SP%MPhgﬁdgg??ﬁgF&%ﬁgggéég aﬁggﬁ%s dbe made
separately for each of the disks in the array, the reliability of
connedietongletarseleeied digk drive fiom i dagtimatienieeapticle 8t i cayplrd| te thgjong or mereor di ngl y,
there is a need for a magazine for a plurality of renovable disk drives

that HostcoRBRters Ruédtyd@asi ng the time and increasing the reliability of
| oadi ng and unl oadi ng an array of disks in a disk drive library. Summary of

the I nventign The. azine for a pluralit f .renmovabl e di sk drives of the
present inv]g’ﬁtt\a@ﬁd’g‘g‘i%vgél%faﬁemgwg?seth%ﬁ‘ﬁ'f‘b"?%a"?ﬁlﬁtbvfé Hee 0t he

af orenenti oned needs by providing physical and electrical support for the
pl ur allitrariepé¢mploydng aptical estaparuedia. nEptirs hdrd disk drives, catiren than havd diskhmedia,sk dri ves as
a unit with a host conputer. Preferably) the nagazine al so supports a

conneck @&h&.}ﬁ(‘jﬁ% the Ifbkary TP hRRRMWINDE i d1dR fochih®Al BlerMAbL bduited ¢6 | 0Op and

intell1gent for reconfiguring the fibre channel arbitration |oop if one
or nore_of the disk drives fails. Therefore, it is a principal object of
the predBdent useofBismmemery deminbyi de a nmgazine for a plurality of removable

di sk drives. 3 It is another object of the present invention to provide a
magazi ne f di adagid form bf thy cantept, the destination receptacle provides power connections to

the disk drive and I/O connections to the host computers, and the robotic picker retrieves the
selected disk drive from its storage location, carries the disk drive to and inserts the disk drive
into the destination receptacle. The disk drive is then powered and spins up to its operating
speed. Finally, when this operating speed is reached, the data on the disk drive may be
accessed by the computer.

As may be readily appreciated, all of this movement takes time, and efforts are
constantly being made to decrease the time required to access memory elements in the library.

Disk drives are often virtually combined in a method known in the art as RAID

(“redundant array of inexpensive disks”), to gain speed, redundancy, or both. However, the



renovabl e di sk drives that provides for interconnecting the plurality of
disk drives with a conputer with a single connection. It is yet another

obj ect of the present invention to provide a nagazine for a plurality of
renovabl e di sk drives that provides for interconnecting the plurality of
disk drives as a RAID array with a conputer with a single connection. It is
still another object of the present invention to provide a nagazine for a
plurality of renovable disk drives that provides a selection mechani sm
supported by the magazine for altering the electrical interconnection

bet Wiyl Bndirl afiph Rl Aftlarkid End URLHRIn ork andiffr fd 44 4i1Ed seplRhggt of the
present 1nventidon to provide a nagazine for a plurality of renbvabl e disk
drives that provides for its trangsportation by a robotic picking device.
The f d &gdibry. 2pd mstalledrintorr aemayed framthe destingripn bagkelane sepasately b the "pr esent
invention will be nore readily understood upon consideration of the

f ol | owlicker akedfaredesdibeld s Ahegpfore) nltimhgl the compiesrtmayntreat thik RAIDnar@gRg anction W th

the follow ng drawi ngs. Brief Description of the Drawings Figure | is a
pi ct or} i: / t%ﬁﬂ' gpg i ' . B | e disk
dri vesﬁl%!:ec&ogrléﬂ?]%ﬁr?o g&)%r%ts nt él| n ercl){ %#@%%@g{%%i@ﬁ%{hﬁ?@lg@i al
schematic in side view of the magazine of Fiqure |. 4 Figure 3 is a

schendpbeigf diskpinith aray+ Momovep as thegpningetions ta dhedestingfian bagkpleAemusty bi t r at i on

| oop. Figure 4 is a pictorial schematic in side view of the magazi ne of

Fi gur ebelmadaGbpaehitahOfoR Bach b Eel diske it thé) ttayphe edlighilitg of ConhEtin@the e isi Nvent i on.
Detail ed Description of a Preferred Enbodi nent Referring to Figure 1, a
magazi ne 10.fo0 lural.ity of renmovabl e disk drives 12 according to the
preseﬁFgcﬁg%%?P%ﬁﬁggméﬁgﬁ% inalibrary 8 having a rack 11 in comunication
with a destination receptacle or backplane 18 for interconnecting the

i ndi vi dual Axcomdinglyi thers issangediora magazine tor h plwralityipamoxable diskdrives thatg
information stored by the disk drives as is typical in the art. As shown,
the 1 ggkvidel fbredbising ReXinRAAPInBHasing theSRibiliey FAdME alDifoaiBP AT agS. The
magazi ne 10 as described herein is particularly advantageous for supporting
renovabl e. hard, di. sk _drives; however, the magazine nmay be adapted to support
ot her Y&HkRR g Wﬁg evices, including solid state nenory devi ces,

wi t hout departing firmthe principles of the invention. Each of the disk
drives 12 includes a connector 14 for coupling to a conpl enentary

Summary of the Invention

The magazine for a plurality of removable disk drives of the present invention solves the
aforementioned problems and meets the aforementioned needs by providing physical and
electrical support for the plurality of disk drives and a means for interconnecting the disk drives
as a unit with a host computer.  Preferably, the ﬁlagazine also supports a connecting circuit for
implementing a fibre channel arbitration loop and intelligent hub for reconfiguring the fibre
channel arbitration loop if one or more of the disk drives fails.

Therefore, it is a principal object of the present invention to provide a magazine for a

plurality of removable disk drives.



connector 15 in the rack 11 that is for conpatibility, the same as the
connector enployed in the destination backplane for receiving a single disk
drive. The disk drives 12 are typically transported within such a library,
and electrically interconnected to or disconnected fromthe 5 destination
backpl ane by a robotic picking apparatus as is well known in the art.
Accordingly, the nagazine 10 is preferably also provided for simlar
mani pul ati on by the robotic picking apparatus; however, this is not
essential to the invention. Turning to Figure 2, the nmagazine 10 includes a

housi ng 16 [ | I Piind g&@ﬁ,'ned nunmber
of the di Slgé"fgraiﬁéhéé;rl&%g@{érfﬁ%é B%%%Y%ﬁgk?n@ﬁ%ﬁng di sléc&{:lflﬂve cg;rfmector 20

for each of, th isk drives, for mating wiith_ the connectors 14 thereof. The
di sk dP‘PQ/Vé{’]&(A:%TFe‘gP’S? Qlatzewﬁffe F IREICqQnAge %Q}Sé&‘!fitl% of sk deives el 22 to be
equi valent to the connector 15 of the conmputer. The nagazine 10 al so

i ncl udempaterwichid simgle@omecdonr 22 that appears to the conputer to be
equi valent to the connector 14 of one of the disk drives. Internediate the

connectors . Jd ' it c24. The
connecti ng Iég?' gtlr}lg ?&I%Z)bﬁéy%g’%tpgég%’%alggﬁﬁgﬁ%@g%%‘ggggbﬁr%ngay{yboé a separate
part of the nmagazine, The magazi ne 10 provi des the outstandi ng advant age of
per ni tremeNgblg dﬁ%ﬁ’@b’@ thas provides %hmmmeémcth@plh@w of dilo deives apg e plurality
of disk drives 12) increasing the reliability of making the connection as

wel | aifray ®ilhi & boraputdp &ith b Biglé conheci@Nect i ons that need to be nmade to couple
the disk drives to the conputer. As nentioned previously, it is often

desired to £comh ne.a RLuralit f.disk drives into .a redundant .array. The
R D o r oy 'CBAR) AR Bt e sy e Wt ide d Phefe KB ERRRN G700 o o &
protection, increased speed, or both. For exanple, according to "RAID |evel
0," daemovabletdiskkdnives thab provideses seletione machanish spppeded by thertagazine fas a di f f er ent
drive. This provides high speed but little redundancy. As another exanple,
accor dii@ehelit elddMNch iht¥sHneckion bétident ARk dfives ARhéiomplte® 1S duplicated on

anot her drive. This provides high redundancy but the speed may not be
i ncreased. The software fqr coordinating the disk drives o .operate as a
r edundant a{F}sa{Nﬁ‘}ﬂéerm@ﬁftc?gﬁTW?s@gi“H’@}lﬂoni Pfoyide g sugeazing: for ¢ piraliiel o esent
invention is particularly suited to be used in conjunction with RAID. Wile
an ar rremowabletdisk dtivas thatiprowides for s fraspartetindsy awoboticpicking dewicea si ngl e di sk dri ve
by the conputer, the invention provides that the array may al so be treated
physi cal Iy AR téregifp3h& offlerdhieblt, Fé4firdd ¥ind advantages of the present invention will be

more readily understood upon consideration of the following detailed description of the

invention, taken in conjunction with the following drawings.

Brief Description of the Drawings

Figure 1 is a pictorial illustration of a magazine for a plurality of removable disk
drives according to the present invention.

Figure 2 is a pictorial schematic in side view of the magazine of Figure 1.



either the human operator installing the nagazine 10 in or renoving the
magazi ne fromthe rack 11, or the robotic picking apparatus perform ng the
sanme task. A preferred interface between the RAID software in the conputer
is the fibre channel arbitration | oop, wherein the disk drives are |inked
together to one another in a |oop configuration. The fibre channel
arbitration | oop need not enploy optical fibers. To inplenent the fibre
channel arbitration | oop, the backplane 18 includes fibre channel SCA
connectors 31. One problemw th the fibre channel arbitration |oop is that
if one of the disk drives fails, the | oop beconmes broken) and further
comuni cat iRjure/s ti$) atsdkenfa@ERf A plidr a@Mab Jor Mfplegiientingdi iik@Scharinel he | 0op i's
term nated. Another problemis that, to change a disk drive, it nust be
connected to or disconnected fromtwo other disk drives and their
assocfgwggo%gﬂ%ectors and cabling. A solution to the first problem noted
above has been to provide a connecting circuit 24 that detects a |link

fail ure andigwd4is hpistoriflechematicin side iew o the magazingef Higyopl ineledinghnect i ng t he

| oop with respect to the renmaining drives. A solution to the second probl em
has beghdiReR 1Y a&8flir 1o A Preseht invedfion hat internal ly provides the
connections between the disk drives, as shown in Figure 3. Tamng to Figure
4, the circuit ZA. of the magazine 10 preferably includes an intelligent
formof the hub 30. The intelligent hub 30 is adapted to detect a failure
of one or nore of the disk drives and alter the connections between the
remai ni ng) operating disk drives to nmaintain |oop function. For exanple,
the intelligent hub 30 includes a link failure detection nechanism 32 and
i nk s Ao oL ! gazine 10 provides particularly
advantﬂémé&D Wwﬁﬁﬁﬁg%ﬁgﬁ T é&PPEre channel arbitration | oop interface
protocol) any other_desired interface standard, such as SCSlI, may be

enpl oyed wiR Qeligure ilng mazarne H fo5r3 plarality cof removables diskdrives 8. 1 ¢
be recogni zed that, while a particular nagazine for a plurality of

I enoV aRédRdifl BkhdlpreséRSinVentioris Skown 1R WhibAROS HAGTR d Rad] 158 chmfgitdied, ot her

configurations and nethods could be utilized, in addition to those al ready
mentioned, wthout departing.fr the principles of the invention. The
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specification are used therein as terns of description and not of

| i m t ane onmordst icorepwers wquestingrinfermatiomstored bihthe disledrofes astig typicd amthe and
expressions of excluding equival ents of the features shown and described or

porti ops KRGHoRA! the fakk NG le&ﬁ&@&%?&eib@&ko&&%m%&a%%&f the invention is
defined and limted only by the cl I

(=
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ains which foll ow

The magazine 10 as described herein is particularly advantageous for supporting
removable hard disk drives; however, the magazine may be adapted to support other removable
memory devices, including solid state memory devices, without departing from the principles of
the invention,

Each of the disk drives 12 includes a connector 14 for coupling to a complementary
connector 15 in the rack 11 that is for compatibility, the same as the connector employed in the
destination backplane for receiving a single disk drive. The disk drives 12 are typically

transported within such a library, and electrically interconnected to or disconnected from the



8 " clains: 1. A magazine for a plurality of separately renovabl e disk
drives, wherein the disk drives include respective first connectors for
electrically interconnecting any one of the disk drives and a connector for
a conputer, the apparatus conprising a backplane) a nodul e connector and a
housi ng for supporting said backpl ane, said nodul e connector and the disk
drives, said nodul e connector being adapted for electrically

i nt erconnecting said backpl ane and the connector for the conmputer, said
back plane including a plurality of third connectors for electrically

i nterconnecting the respective first connectors and said backplane. 2. The
magaz idestinationbackiplame by 4 tobdtiegicking apyparatis ag)is avell dmovacihithegutc | Acaordinghyt, ectrical |y

i nt erconnecting said backpl ane and sai d nodul e connector and bei ng adapt ed
for s 1, } t rd ol i ween. 3. The
appar?ﬁ"ﬁgltd gﬂ?ﬂ%ﬁ%?H§R€@§Hﬁ&§§? ﬁ%ﬁﬁ%@?ﬁﬁ%ﬁﬁﬁfgﬁ?@qﬂ%@?3§£§§an
intelligent hub. 4. The apparatus of claim2, further conprising a

pl ur alappagatus; hawayen fhisdsgiehessantial o theinvesieibndi ng to said first connectors for

el ectrically interconnecting said backpl ane and said 9 connecti ng
circuit. 5.Tuhlkg @MRakedUke fhgdindi10intludéd £ helising 18 iwhichRPRES ithewh i I Cui t
includes a fibre channel arbitration | oop. 6. The apparatus of claimb5,
wherein .said. fourth nnectors, arg, S onnegtafs.. 7. A nethod for

U por PR ng L & Prefhiied By E e Rk BRI R el a8 o o e 1 cau 1y
i nterconnecting the disk drives with a conputer, the nethod conprising:

el ect rdiskalrivg canventar @0iferceactnef this digk dfivies; &x magingawitia the sbunaetors d4ithereof. i ng t he di sk
drives and the backplane as a unit separate fromthe conputer; and

el ect ryealidkViriv O BaRcihS 20 hﬁ&@ﬁ%@%@ﬂb@ﬁv@%&hﬁv&%%%@@ﬂmﬁ?m@t hod of
claim?7) further conprising operating the disk drives as a RAID 10

AN A(L. AL A(L. CACLA
(conncctor %’ ofA\t%e comé)utcrf The magazine 10 also includes a module connector 22 that

appears to the computer to be equivalent to the connector 14 of one of the disk drives.
Intermediate the connectors 20 and the connector 22 may be a connecting circuit 24. The
connecting circuit 24 may be part of the backplane 18 or may be a separate part of the magazine.

The magazine 10 provides the outstanding advantage of permitting a single connection
between the host computer and the plurality of disk drives 12, increasing the reliability of
making the connection as well as reducing the number of connections that need to be made to
couple the disk drives to the computer.

As mentioned previously, it is often desired to combine a plurality of disk drives into a
redundant array. The RAID array combines a plurality of hard disk drives to gain improved
data protection, increased speed, or both. For example, according to “RAID level 0,” data is
broken into pieces wherein each piece is written to a different drive.  This provides high speed

but little redundancy.  As another example, according to “RAID level 1," data sent to one drive
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the invention provides that the array may also be treated physically as a single disk drive by

either the human operator installing the magazine 10 in or removing the magazine from the rack

11, or the robotic picking apparatus performing the same task.

A preferred interface between the RAID software in the computer is the fibre channel
arbitration loop, wherein the disk drives are linked together to one another in a loop
configuration. The fibre channel arbitration loop need not employ optical fibers. To
implement the fibre channel arbitration loop, the backplane 18 includes fibre channel SCA
connectors 31.

One problem with the fibre channel arbitration loop is that if one of the disk drives fails,
the loop becomes broken, and further communication with the remaining, operating disk drives
in the loop is terminated.  Another problem is that, to change a disk drive, it must be connected
to or disconnected from two other disk drives and their associated connectors and cabling,

A solution to the first problem noted above has been to provide a connecting circuit 24

that detects a link failure and switches the failed drive out of the loop, reconnecting the loop with

respect to the remaining drives. A solution to the second problem has been to provided a “hub”
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30 that internally provides the connections between the disk drives, as shown in Figure 3.

Tuming to Figure 4, the circuit 24 of the magazine 10 preferably includes an intelligent
form of the hub 30. The intelligent hub 30 is adapted to detect a failure of one or more of the
disk drives and alter the connections between the remaining, operating disk drives to maintain
loop function. For example, the intelligent hub 30 includes a link failure detection mechanism
32 and link bypass switch 34.

Though the magazine 10 provides particularly advantages when implementing the fibre
channel arbitration loop interface protocol, any other desired interface standard, such as SCSIL,
may be employed without departing from the principles of the invention.

| It is to be recognized that, while a particular magazine for a plurality of removable disk
drives has been shown and described as preferred, other configurations and methods could be
utilized, in addition to those already mentioned, without departing from the principles of the
invention.

The terms and expressions which have been employed in the foregoing specification are
used therein as terms of description and not of limitation, and there is no intention of the use of
such terms and expressions of excluding equivalents of the features shown and described or
portions thereof, it being recognized that the scope of the invention is defined and limited only

by the claims which follow.
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drives, said module connector being adapted for electrically interconnecting said backplane and

the connector for the computer, said back plane including a plurality of third connectors for

electrically interconnecting the respective first connectors and said backplane.

2. The magazine of claim 1, further comprising a connecting circuit electrically
interconnecting said backplane and said module connector and being adapted for selectably

altering the electrical interconnection therebetween.

3. The apparatus of claim 2, wherein said connecting circuit includes an intelligent

hub.

4, The apparatus of claim 2, further comprising a plurality of fourth connectors

corresponding to said first connectors for electrically interconnecting said backplane and said
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5. The apparatus of claim 3, wherein said connecting circuit includes a fibre
channe] arbitration loop.
6. The apparatus of claim 5, wherein said fourth connectors are SCA connectors.

7. A method for supporting a plurality of separately removable disk drives for

electrically interconnecting the disk drives with a computer, the method comprising:

electrically connecting the disk drives to a backplane;

supporting the disk drives and the backplane as a unit separate from the

computer; and

electrically connecting the backplane to the computer.

8. The method of claim 7, further comprising operating the disk drives as a RAID.

10



