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Techni cal Fi el d Nﬂmmll nvention relates to a magazi ne forzufquUrN 2004

i brary of hard Background of the Invention 22 JUN 2004 Large
scal e conputi ng devi‘te®é*'often enploy a library of renovabl e conputer nenory
media to provide for increased storage capability and the sharing of nedia

by multiple host library, the nedia are shel ved in storage bins
for retrieval m\m\mmmu cki ng apparatus or "picker." Such a picker for
opti cal dlskrrB|a|$ cribed in Dimtri et al.) US Patent No.
5,377,121, which is hereln i ncorporated by reference in its entirety. Tape
cassettes ar MAGAAINEFORAFDHRALBFAOY REMORABIE HARDDPBKDRBESat | east one
drive receptacle coupled to one or nore host conputers that may read or
wite tUedhhical PTRE a. Wien a host requests a particular mediumin the
library, the picker is typ| caIIy commanded to travel to the storage bin in

the library ere i s shelyve t he |um renove the nedi um
fromthe st o*%d’éesﬂ}twverl W‘&aﬁﬁ@ﬁgﬁ'&sgf’@ﬁ‘ Sk davesnput / out put
("1/0") connections wth the host, insert the mediuminto 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 '

provi deﬁa&%ﬁ?ddfﬂi EEV% random access. In recognition of these problens,
t he concep 5 o of hard disk drives was 1 i ,J " J ~~ N 2009
devel oped, which is the subject of the assignee's corripanion application
entitled LI BrEsgescescompytingyleviceppfieprmplay adibragy,off reweyablssompyteranemmuyrber

09/ 844,127 filed on April 26) 2001 incorporated herein by reference inits

&} i 1 et medidopeovitierer ifipeakddestofape Capability aad dle Sliafilg died by aluRipflRied h N
associ ated storage locations in the library. The robotic picker is adapted

nat i oty MR BB SR bR P i bl F PP ABiton” The i o

disk drive library provides the advantage of relative speed as conpared to
1'i br ar i ‘@ickeinp| Bgh agicken for eptice rdisk aprslianis dpsribettrin Dirvitrhetradl, HiSs RatehtiNoes, r at her

than hard di sk nedi a,
5,377,121, which is herein incorporated by reference in its entirety. ~ Tape cassettes are another

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 hdst 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
inpuf/output (“I/O”) connections with the host, insert the medium into the drive, and power the
drive. |

A problem with these prior art libraries 1s 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



/ ‘
7 are exchanged in the library to remain within the close nechanical

tol erances required for efficient use of this nenory el enent. IZfaﬁggiyz 4
formof the concept, the destination receptacle provides power tonh Qg
to the disk drive and 1/0O connections to the host conputers, and the
robotic picker retrieves the selected disk drive fromits storage
.location, carnes 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 1 speed. Finally, when this operating speed is reached, the data
on the disk drive may be accessed by the conputer. As nmay be readily

appr ecidsvdeped.ayhichds the sybiechef thernssignee’s karepanionapplication erftitled LIBRARY OBnst ant | y
bei ng made to decrease the tine required to access nenory el ements-in the

i br ar YHARDSHISHT DREFESAES. Ofpbiftioh dekiblHubibe:COMRLAST il o ATzl BEGdROwN in the

art as RAID "redundant array of inexpensive disks"), to ‘gain speed,

r edundancy, or,.both. wever, the 2?2 ~ J ~ ~ N 200q djsks in the array
are phﬂ‘fog%)ﬂ?v @E‘S&’ryﬁl}bge'écﬁﬂf"t‘ﬁe frele t "?“?"Pﬁqi“ﬁltféﬂ‘%l?ﬂ?{’??éga‘aﬂlﬂi‘ g‘i“’és eor ed
separately in the library, and installed into or renoved fromthe

dest i nastareskin bsodigtddastneags dyoations ilthe libyary. h &hprobétizrpicker inddaptedie soupldxad .
Therefore, although the conputer may tmat the RAID array as a single disk,

the ti i t 3 . is multiplied
by ¢ he Cacoupid e e dol \estiaict pbBlacll B N ol o6 B Bepdrf o' 1 e

‘destination backpl ane nust be nmade separately for each of the disks in the
array, hopteompytersrsAsesing da®. connecting the array is reduced fromthat of a

si.ngl e disk. Accordingly) there is a need for a nmagazine for a plurality of
frénovabl e diTke hadi disksdrivb Aibrafyy SHovide hd RIvasiRrFAaMTE spha@ ab bémparAdo | NCT €SI Ng
the reliability of |oading and unloading an array of disks in a disk drive

|'i brary. . Of 1. vent.i on,Th zine far ural.ity.of renovable
di sk dﬁb@w (%S’H%O %%g%ljn‘%beﬁ t%ﬁg%?&glg&qv%mg}%ﬁm &m%mbr obl emrs and
meets the aforenentioned needs by providing physical and electrical support
for tharpeichanged in e libfark togremainswithin the clase meechapicali tolemnces megeired fog t he di sk
.drives as a unit with a host conputer. Preferably, the nagazine also

SUPPOT teficRentkB DA efhof/dlepiéhd fOr inplenenting a fibre channel arbitration
| oop and intelligent hub for reconfiguring the fibre channel arbitration

| oop if one.or nore of.the dis rives fails, Therefore, it is a principal
obj ect of tHR2BFEd oﬁmﬁfepbﬁ‘egﬁmﬂ%{} m@tagleﬂwgg; PRIVEF gpanggtions to

the disk drive and I/O connections to the host computers, and the robotic picker retrieves the

selected disk drive from its storagé Jocation, carries the disk drive to and inserts the disk drive
into the destination receptécle. 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 combute;. |

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 virtﬁally combined in a method known in the art as RAID

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



. plurality of renovable disk drives. 3 2 ~~ UN200g It is another object
of the present invention to provide a nagazine for a plurality ?”rggjwa@[ﬁ
di sk drives that provides for interconnecting the plurality of disk drives
with a conputer with a single connection. It is yet another object of the
present invention to provide a nagazine for a plurality of renovabl e disk
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 nmagazine for a plurality of
renovabl e di sk drives that provides a sel ection nechani sm supported by the
magazi riisks grthe aregy aeerphyrically:separnte and dissingt from enc anothes and avstéved separatelyhe di sk
drives and the conputer. It is a further object of the present invention to

- provi den @My, e ixfsﬁllec?inﬁ'dﬂ&éﬁdeﬁgﬁl_tﬁ@ﬂﬂtﬁﬁ&?bﬂkﬁ%%ﬁéﬂa%ﬁ%rﬁeﬁ @k Provides

for its transportation by a robotic picking device. ol ng and ot her
obj ects). .feat yures and, adyant ages of the present invent] w il be nore .
readi | ﬁlﬁﬁﬁﬁsr%?rﬁmn o fedéﬁl}i’f’?lb e&?‘g?‘ﬁﬂ' A ‘Feﬂfi\liﬁavgﬁtaé'wéﬂadescri ption
of the invention, taken in conjunction with the follow ng draw ngs. Brief
Descr i pniglerdiskf the higeDequitedgsseFapgthe errdy fosuse byitlet aomipater is Inhulipliedby ha of a _
magazine for a plurality of renovable disk drives according to the present
i nventi i e 2 'glre&r' d Gl i.de. Vi magazi ne
of Fi gu@glbifdf%%k@lg%léﬁﬁﬁuﬁg z(%%ér ﬂlé%iﬁ'%to |g{ééﬁ‘§su§ g\égﬁ(}ﬂgﬂ% 'gs‘?pri or art
hub for inpl enenti ntg a fibre channel arbitration [oop. Figure 4 is a

pi ct or | ReImade sensieicior pach jof the disksynghe arry, theyiplishiling obeonpecgng &e amynig| udi ng an
intelligent hub according to the present invention. 1 Detailed Description

67) a Prrefueed fesin fadapdingadisiRef erring to Figure 1, a magazine 10 for a
plurality of renovable disk drives 12 according to the present invention is

shown in a lA&&‘aﬁlgl}’,eth@}éia%ccffo{ z?&léga%iilie foPa Bﬁgﬂ&%'f G M disk drives that

provides for decreasing the time and increasing the reliability of loading and unloading an array |

of disks in a disk drive library.

Summary of the Invention

The magazine for a plurality of removable disk drives of the present invention solves the
afofcmentioned problems and meets the aforementioned needs by providing physical and
61wuical support for the plurality of disk drives and a means for interconnecting the disk drives
as a unit with a host compqter. Preferably, the r'nagz;zine also supports a cOnngcﬁng circuit for
implementing a fibre channe! 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.




. With a destination receptacle or backplane 18 for interconnecting the

i ndi vidual disk drives and one or nore host conputers requestin%Ag |
information stored by the disk drives as is typical in the art. eiﬁﬂh2004
the rack 11 is suitably adapted to receive one or nore magazi nes. The
magazi ne 10 as described herein is particularly advantageous for supporting
renovabl e hard di sk drives; however) the nmagazine nmay be adapted to support
ot her renovabl e nenory devices, including solid state nenory devi ces,

wi t hout departing fromthe principles of the invention. Each of the disk
drives 12 includes a connector 14 for coupling to a conplenentary connector
15 in the rdtié anatherrnbject of the)pregeptripuention fo provide hemagazine forsa plmlityaxfinect or

enpl oyed in the destination backplane for receiving a single disk drive.

The di skmeVablecdisklaivas thal kﬂ%’vﬁ&' fo¥ itérainARang G phrhily 3 BiiE Rurides! gl 47Y) and
electrically interconnected to or disconnected fromthe 5 ~ ~ UN 20~~
destinati on backplane by a robotic picking apparatus as is well known in

t he artqomﬂg%b‘?"@\#&g&)m?qv?@“%gazi ne 10 is preferably al so provided for

sim lar manipulation by the robotic picking apparatus; however, this is not
essential tdtislyet anotherobjectrof théprasenyinventibh gLprevide a tipazinefna pealidyQfi ncl udes a
housi ng 16 which supports its own backpl ane 18 and a predeterm ned nunber

of the di I 4 'j??t? . i . ' i ve ector 20
for eacrﬁhé%b@%ﬁ?ﬁg%%hﬁ p\g@s g}n%%%%ﬂﬁﬁg Oggl%%rg{c%%{ssa hereof. !~
The disk drive connectors 20 appear to the respective disk drives 12 to be
equi val %Y Witha ompuies Witk & §ipgle cognegfion he conput er. The magazine 10 al so

f%(:l udes a nodul e connector 22 that appears to the conputer to be '

equi val ent  tiois sHIFPan0BBTUBREIAT thikprédént Riventioh td fi6vidl Sikagiiihe/RBa plhﬂ_li?rofmdi ate th
connectors 20 and the connector 22 may be a connecting circuit 24. The

connect ] Ireuit. 24 be par f the backpl ane 18 or may bg a separate
part ofrgﬁ.a%’eagfﬁa&gfsgzﬁiﬂr‘{é %mﬁgﬁaaz iseiegﬁ’%m Wf%é@ppf’ﬂ%l %‘Up’gt%%%{%%édvant age of
permtting a single connection between the host conputer and the plurality
of di slalterngheslestricaliinisecanestiombetwrsn the disk diives and thefcomgitemg t he connection as
wel | as reducing the nunber of connections that need to be nmade to couple

the disk drinvgs fihet Bject O IpRient AV ediBAtd HOGHe PHBYARIThYa plivatidy f OF t €N
desired to conbine a plurality of disk drives into a redundant array. The

RAID arra i nes lutal ity of hard disk . drives to . gain inproved data
prot ect™ %‘ﬁa&gﬁ%gﬁvﬁﬁa?ﬁ@é‘gﬁ%QB&WW&*BBY%PMP& 88%¥di ng to "RAID | evel
0," data is broken into pieces wherein each piece is witten to a different

~drive. Thi s The torégding ahd efker opjeats;ifebmtes aridtatlvaptagesablithel present invintianrwitlber exanpl e,
according to "RAID level 1," data sent to one drive 6

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.



.2 ~UU~ 20~~. is duplicated on another drive. This provides high
redundancy but the speed may not be increased The software for cqondi Eﬁi?ﬁﬁ
the disk drives to operate as a redundant array is typically res denJ i 4
t he host conmputer. The present invention is particularly suited to be used
in conjunction with RAID. Wiile an array of the hard drives 12 is treated
virtually as a single disk drive by the conputer, the invention provides
that the array may al so be treated physically as a single disk drive by
either the human operator installing the magazine 10 in or renoving the
magazi ne fromthe rack 11, or the robotic picking apparatus perform ng the
sane task. AigreBds acuwhémafie rof acpriobattvimbrfot maplédening e ffibwachannieh t he conput er
is the fibre channel arbitration | oop, wherein the disk drives are |inked
t oget hefpiliRicRMepanot her in a loop . configuration. The fibre channel
arbitration IooB need not enploy . optical fibers. To inplenent the fibre
channel arbltratlon Ioo&é t he backpl ane 18 inc]udes fibre channel SCA

connect or s Figurcshis apiclogplsehenjaticin side view of the pagasine pf Eiguss | ingliding, | oop i s t hat
if one of the disk drives fails, the | oop becones broken, and further

- conmuni aadiiteligenyiublacdoRling 16 the prédifinvediat, at i ng di sk drives in the loop is

term nated. Another problemis that, to change a disk drive, it nust be

cohnected to or disconnected fromtwo other disk drives and their

associ ated 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 swtches the failed drive out of the | oop) reconnecting the

| oop with respect to the remaining drives. A solution to the second problem

frals  beghetiiRd DelMbRSE APre {gangﬁ'g,zbodi,gcng J U~ 200 30 that internally provides
't he connections between the di sk d"'ves as shown in Figure 3. Turning to

Figure 4, ci.rcuif, 24 of the na |ne referab cl ude

intelligent rE% {’@ge Hu @ann% ‘?ft”eﬂ'l"faé}g(n?f ‘H’E?B"a%é 4‘5‘ &bﬁ%d to detect
a failure of one or nore of the disk drives and alter the connections

bet weemctdrding ®nthe present) invantiorad iskigvncin Kkibehey § bsvirigoa vaek it idicomimanipationinct i on.  For
exanple) the intelligent hub 30 includes a link failure detection nechani sm

32 2nd SN GRS b br i KBS OEorBRRE bRkl B 6 g vl 1Y

advant ages

one or more host computers requesting information stored by the disk drives as is typical in the
art. As shown, the rack 11 is suitably adapted to receive one or more magazines.

The magazine 10 as described herein is particularly advantageous for supporting
removable hard disk drives; hovs'/ever, 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 thé 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



. channel arbitration |oop interface protocol, any other desired interface
standard) such as SCSI, may be enpl oyed w thout departing from :
principles of the invention. It is to be recognized that, mhiléég?unjh12004
particul ar magazine for a plurality of renovable disk drives has been shown
and described as preferred, other configurations and nethods could be
utilized, in addition to those already nentioned, w thout departing frnm
the principles of the invention. The terns and expressions whi ch have been
enployed in the foregoing specification are r .) used therein as terns of
description and not of limtation, and there is no intention of the use of
such t eflsstinationibackplane by p sebstiepickingApparataees ditel kapwn inghedrt. t Aecdrdinglyr es shown
and described or portions thereof, it being recognized that the scope of
the i nvepinagilineS]0c fprdf@sblpBish plovidérér Sindilir Rhi i cGitkng! | ow. 8 2
2J UN 2002@-9 C ai ns: l.ﬁA rrggazi ne for a%%‘?@f’ft%&g?’°¥§8?#%§f‘g| y
renovabl e dj sk drives,. wherein tpg,disk drives include respective first.
connectgwgahﬁ °8?@%§Pﬁ%amﬁﬁwmﬂ98 INFYORi ng any one of the disk drives and
a connector for a conputer, the nagazine conprising a nagazi ne backpl ane, a
modul e conneTuming enBigare 120 the inmgairer 10singhetes & ihowpingali6dwhighgappsie ibaokpl ane, sai d
nodul e connector and the disk drives, said nodul e connector being adapted

for ins i i : Y, ARCY. | et I ' onnecti ng
W th  SoRA 16%E 4 praER kBl MR ARR AL P SEChe bIMBR IR
connectors for electrically interconnecting the respective first connectors
and sai YskryaLPRRecBrROIdar e of the diskdrives derAnaviag with diegonnegtors\ifdheesof sai d

- cqonpl enentary connector is part of a library backplane that is electrically

() er coTiweditkedrivel coiettr 20ipéat 85 the Zespeblies AROBHENE @f beCqaivilent to fher t her
conprising a connecting circuit electrically interconnecting said nmagazi ne

backpl | C ClLor d, that is adapted for se|lectably
alteri ﬁ%ﬂ? gﬁg?gﬁg&;{'&é&%@h gﬁ%%ﬁi 5'%?@#59%(:;“ e?\'ﬁgg ?C%ne%{eﬁrfhéazi ne of
claim3, wherein said connecting circuit includes an intelligent hub. 5.
The mag?PPFafe ththeqompriento b equivalents i de comneetor i gf one ofithe disk drivapt ed to
cooperate in a fibre channel arbitration |oop. 6. The magazi ne of claim 3,

f ur t her Ineemigalite th Gothestbrd 128! anfl YheOdoniheteF DB nfad 8 ACIoRAERtifpOkifcRi®S PANUIHRY t o said
first connectors for electrically interconnecting said magazi ne backpl ane-

and sai opnecti.ng circuit...7.. Th azine of claim6®6, wherein said
fourth Cgogiﬁ;eﬁg%gcgfg%rlga&%g@ioféheammg Ord?ﬂﬁ?ﬁﬁfe@?‘r@t.e pytofhamagadne, of har g
di sk drives, conprising a |library backplane and a first nunber of

magazi nes. cBetmdgazinecdpranides thy ontstamdingoadvantagel ofpermisting taysingle cormpetiont el y
renmovabl e di sk drives, wherein the disk drives include respective first
CONNEC fech Bhe hose computdt ablt ACblurbily of UBE a2l okl GO MiBGHY W any one of
t He di sk drives and a connecto or a conputer, each“magazine”conprising a
magazi ne hackpl ane, a nodul e connector and a hoqusing for supporting the
negazi @%%‘EEF%@“OW?@MW@&%N@% Oémeca%%ag necd4e be wpdeta d nodul e
cohnectors being adapted for insertion into one of a second nunber of

conpl enenplathy disk deives toakiescodiputeai d | i brary backpl ane el ectrically

i nterconnecting with one or nore associ ated host conputers, each of said

magazi ne bac i I, NG | yr.al.i t i re tive, third connectors
for electri cﬁ#@@ﬁ?ﬂoﬁg’g%ﬁggﬁ%@&%’é@ﬂ% ?'%elﬁys?f KRR and t he
magazi ne backpl ane, wherein the nunber of said magazi nes exceeds the nunber
of sai dredumdpIt ampht IhgRAED awest eombinena phypality| of bard disk dfives it gaim Byprévedt her
conprising a nunber of slots in said |ibrary, each adapted to physically
SUPPOr t da@RotSdtioh, TRcrémB@pbedEsr bolA ﬂoﬂx%ﬂe,%ﬂ@v‘kﬂm%@ Rodd£zPondi ng one
of. said conpl enentary connectors. 10. e library of claim9, further
conpri si a library controller and a rghotic, picker ad ed to install one
or nor Zb NULO QR ASTPR Sach; Biree s gypitten, o ad eéenbgn‘gai ﬁ“%ﬂ’%‘f‘&dghgﬂtsl’ﬁ?ddi rection
of said controller.

but little redundancy. ~ As another example, according to “RAID level 1," data sent to one drive

-
(DNO

d




11. The library of claim10, wherein said |ibrary controller is further
adapted to communi cate with said host conputers according to a fi2)f’eJUN
channel arbitration |oop. 12. The library of claim1l, Werein eacﬁ 2004
magazi ne includes a connecting circuit electrically interconnecting the
respective said nagazi ne backpl ane and nodul e connector that is adapted for
selectably altering the electrical interconnection therebetween. 13. The
library of claim 12, wherein said connecting circuit includes an
intelligent hub. 14. 'rhe library of claim13, wherein said connecting
circuit, is adapted to cooperate 111 a fibre channel arbitration | oop. 2 ~
~ a ~ Z2d@unlisatedrgp apothar Ariye. o This| ppvides highy sedusdancy: dntpthe speed maypionibel ity of
fourth connectors corresponding to said first connectors for electrically

i nt er cdndeséd. NgTESdofwae FarZdobRlinafipkiRé ANe dives toSaH et [Jguit. 16.
The library of claim15. wherein sai%ﬂfourtﬁﬁggﬁﬁgggbrs 2?%“??@?6 channe
SCA connect.ors., 17. thod for supporting a plurality of separately
reanaBM@“@VEﬁmaﬁpvaéhgg?n@W@btricaIIy i nterconnecting the disk drives with
a conputer, the renovabl e disk drives including respective first connectors
for el ect ri clhelpresenttinveationnis qlarticgjarynsuitedi €0 bé usedein domjlmotion wath Ramb, @ connect or
for a conputer, the nethod conprising: providing a magazi ne conprising a

magazi NRhieg ﬁarﬁ’gM %9&9@%‘951:11 Sy fior, supporting said
magazi ne bac&g%gﬁg?csal nDS%FE connec g?g?9m§§§§%ﬂ§w&&§§"%§$9%%; i nserting
t he fi&@%,connector of one of the disk drives into a first conplenentary
connect MEEeR proyides that;thy wray seayse b tgated physirally s g singlelisk dsive bane;

rgu)pporti ng the disk drives and said nagazi ne backpl ane as a unit separate
i lom t fefther dreyhutnen opefandt iristaliag the g iitie d0 TS enfovin@ MRSEdeind fRinPthé s cond

conpl ementary connector electrically interconnecting wth the conputer. 18.

The nmet4ho f al.m.17. furth conprising, providing a |library backpl ane
wher ei nﬁ’sogi r%%é%ﬁ%%%%ﬁ"%ﬁ%f%? is part of said library
backpl'ane. 19. The nmethod of claim 17, further conprising operating the
di sk dri ves Anprefsrghinprfacz(betwpre thenRARD dofof are inthecoliptef isthehfdre cmnged | si ng
providing a connecting circuit electrically interconnecting said magazi ne

backp!| afiratios 166p, GvHeRAUHR &GS ARES Odre %ﬂﬁedb%gaﬁzhraﬂa&fe%&qlg ﬁf%lzs%abl y

altering the electrical interconnection J UN?2 er ebet ween,

and i npl nt.i ng,-i n.sai d cannecting circujt, a fibre channel arbitration

| oop. n%i‘.%ﬁﬁéo%t%dﬁ'ﬁ cgwolrﬁrﬁg?u%@f’%i%a?tde‘gl?l@b'OB‘Fcal hbest i By sai d
modul e connector into a second conpl enmentary connector electrically

i nt er c émplewentthe fibre Ichaninel arbitrsion doopj the dackplanel 1® irfclulias fibre oh@hdl SQA cker . 22.
The nethod of claim21l., wherein said step of inserting the first connector

of one cafnetthg3gi sk drives into a first conplenentary connector electrically
i nterconnected with said nagazi ne backplane is carried out by a robotic

icker. Al Al.ATA AU AS A A .AAY.A A A S2+9| 7?7/ 1>\
p { d?i proLém w1UthAt‘l_1e ﬁAl\)re 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 tl'lat, to change a disk drive, it must be connected
to or disconnected from two other disk drives and theﬁ 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 faiicd 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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channel arbitration loop interface protocol, any other desired interface standard, such as SCSI,
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 prcfeﬁed, 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 aad exi)rcssions of excluding equivalents of the features shown and described or
| pbrtioﬂs thereof, it being recognized that the scope of the invention is defined and limited only

by the claims which follow.
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10%4 & ()-9, 109%}| Ragdzine backplane, a module connector and a housing for supporting said
magazine backplane, said module connector and the disk drives, said module
connector being adapted for insertion into a complementary connector
electrically interconnecting with a computer, said magazine backplane including
a plurality of third connectors for electrically interconnecting the respective first

connectors and said magazine backplane.

2. The magazine of claim 1, wherein said complementary connector is part of a
library backplane that is electrically interconnected with the computer.

3. The magazine of claim 1, further comprising a connecting circuit electrically
interconnecting said magazine backplane and said module connector and that is
adapted for selectably altering the electrical interconnection therebetween.

4. The magazine of claim 3, wherein said connecting circuit includes an intelligent
hub.

5. The magazine of claim 4, wherein said connecting circuit is adapted to cooperate
in a fibre channel arbitration loop.

6. The magazine of claim 3, further comprising a plurality of fourth connectors
corresponding to said first connectors for electrically interconnecting said
magazine backplane and said connecting circuit.

7. The magazine of claim 6, wherein said fourth connectors are fibre channel SCA
connectors.

8. A library of hard disk drives, comprising a library backplane and a first number

of magazines, each for containing an associated plurality of separately removable

disk drives, wherein the disk drives include respective first connectors for



. 10% & ()- $10%}| & ()-!"o""#v##dEYNC 10 L! 10% & ()- - 10%}| & (é
10%4| & ()-S, 10%t| & ()-0#10%4| & ()- 109%4| & ()- #, $3% %;%?/(}/\<YNC 2 J .[‘{2004
10! y/ #10984 % & ()- S-f10%4H| & ()-!1*10% | *| & ()-! Y(#10% | & () - &@ 10%4| &

SHf 10%] & () - %REEE&&I" ' 1S4 10& 10%& ()@@ 109%Z& () - 3& 10%& ()- 10p| pl
10p| p| 10p|p|!<,;:10%| p| & ()-! 1#10% | /]| & ()-' "(((?)~)aBrs4 10&- Sle°/<Z& ()-

1 0$109R22&' ()-y@ 10%Z& () - 3yF@ 109%Z& ()- SS109Z& ()- 109%&Z& () -

~)), ****| +dEr S4 1(rgsctri¢341g1i®ea@an@ctir@8m0/m ) ﬁfe#dlsm&@&s (ahd ef bbnnelbei&r @) -

f 109%Z& ()-3@ 10%& ( }) 108&- b 0%9&7@ d e t
109Z¢& () - F1g109%&& y ”%/%%Eg(‘fj‘“e %Of@ri%'@&%‘“(‘?aﬂ%@ a & 8(ljﬂﬂ ule_conngqtorhC

10& - 10%Z& ()- y9dlDUEEifa forz n )the %@N&b(ai Qénn ector and
L0%&Z& ()-./1/// 90080 10&-9 &10%Z& ( 0Z& () - I0$10%&' 31 ocyi Fra
10028 ()-- 109%@& (%S Q%’@@i, qafggégﬁd;nlqyi&le gectors bemg adapted for insertion into one

109Z& () -!Y($10% 4% e()se%ﬁ éoxﬁx‘sbe(')of#c@r}pqgrgghtegx)y @A EH Sl hkf)r];rlyoo ac pie?ne

a223: 3<3=3>3?3MB}rg\=1
electrically interconnecting with one or more associated host computers, each of

said magazine backplanes including a plurality of respective third connectors for
electrically interconnecting the respective first connectors and the magazine
backplane, wherein the number of said magazines exceeds the number of said

complementary connectors.

9. The library of claim 8, further comprising a number of slots in said library, each
adapted to physically support one of the magazines, said slots each providing a

corresponding one of said complementary connectors.

10. The library of claim 9, further comprising a library controller and a robotic
picker adapted to install one or more of said magazines into one or more of said

slots at the direction of said controller.

11. The library of claim 10, wherein said library controller is further adapted to
communicate with said host computers according to a fibre channel arbitration

loop.

12. The library of claim 11, Wherein each magazine includes a connecting circuit
electrically interconnecting the respective said magazine backplane and module

connector that is adapted for selectably altering the electrical interconnection

therebetween.

13. The library of claim 12, wherein said connecting circuit includes an intelligent
hub.

14, The library of claim 13, wherein said connecting circuit is adapted to cooperate

in a fibre channel arbitration loop.
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16. The library of claim 15, wherein said fourth connectors are fibre channel SCA
connectors,
17. A method for supporting a plurality of separately removable disk drives for

electrically interconnecting the disk drives with a computer, the removable disk
drives including respective first connectors for electrically interconnecting any

one of the disk drives and a connector for a computer, the method comprising:

providing a magazine comprising a magazine backplane, a module
connector and a housing for supporting said magazine backplane, said module

connector it and the disk drives;

inserting the first connector of one of the disk drives into a first
complementary connector electrically interconnected with said magazine

backplane;

supporting the disk drives and said magazine backplane as a unit

separate from the computer; and

inserting said module connector into a second complementary connector

electrically interconnecting with the computer.

18. The method of claim 17, further comprising providing a library backplane

wherein said second complementary connector is part of said library backplane.
19. The method of claim 17, further comprising operating the disk drives as a RAID.
20. The method of claim 17, further comprising providing a connecting circuit

electrically interconnecting said magazine backplane and said module connector

and being adapted for selectably altering the electrical interconnection
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21. The method of claim 17, wherein said step of inserting said module connector
into a second complementary connector electrically interconnecting with the

computer is carried out by a robotic picker.

22, The method of claim 21, wherein said step of inserting the first connector of one
of the disk drives into a first complementary connector electrically

interconnected with said magazine backplane is carried out by a robotic picker.



