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1* DI SK DRI VE SPI NDLE SYNCHRONI ZATI ON APPARATUS AND METHOD BACKGROUNdﬁﬁgq@Ey,
| N\VENTI ON The present invention relates to disk data storage devices and
more particularly to a systemwherein nmultiple disk spindle assenblies are
synchronously rotated with respect to one another to have the indices
coincide or naintain a predeterm ned or programmuabl e out-of -phase

rel ati onship. A conventional disk drive has a disk carrying spindle

assenbly that is closely speed regulated to maintain the rotational

velocity of thex~di sloTsRdbpxEt PR AR R T 0E 2BBERARIALRE B

decel erated i n accor dang&\Nirt Qhaase error generated by the df%f%rence
bet ween a reference si di sk position feedback fromthe

di sk carrying spindle. *“B%?ﬁ%ﬁﬂﬁﬁ@%x%ﬁlves are conmonly
rotated in synchronis Typi cal of such synchroni zed

drives are nmultiple dnise S
and r 10,8y t
( Q ﬁg%ekrro egg rukﬁi?lsyﬁc (ﬁ?lfgé to

interleaved to qﬂgggﬁg
the | atency delgé
Sl

rotate 180 degr ‘
data is used fr qgrhotremstiisle sutf@&@hefaema@mﬁ@umthl n the system an

A conventionmal disk drive has a disk carrying spindle
assembly that is closely speed regulated to maintain the
rotational wvelocity of the disk media. The spindle motor is
accelerated or decelerated in accordance with the phase error
generated by the difference between a reference signal and
rotational disk position feedback from the disk carrying spindle.

To obtain enhanced performance drives are commonly rotated
in synchronism with one another. Typical of such synchronized
drives are multiple drives used in a synchronous array system
where data is interleaved to enhance the data rate and
performance or in systems where the latency delay is reduced by
having two mirrored drives sync;hronized to rotate 180 degrees out
of phase. The synchronism is best accomplished by using a single
source of pulses to define the synchronizing index mark. If data
is used from the disk surface of one drive within the system, an
event that reguires recovery by the primary " drive also
necessitates secondary recovery by the other drives prior to
reestablishing the synchronized operation thereby compromising
system performance. Another solution is to use an external
oscillator to provide a common source of pulses that ig decoded
to produce a single precision index reference. Such a system is
Shown and described in US Patent 4,918,544 which uses a single
crystal oscillator to supply the synchronization control circuits
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event that requires recovery by the primary drive al so necessitates
secondary recovery by the other drives prior to reestablishing the
synchroni zed operation thereby conprom sing system performance. Anot her
solution is to use an external oscillator to provide a combn source of

pul ses that is decoded to produce a single pZecision index reference. Such

a systemis sho §€EE i I.n US Patent. 4, 918,544 whi.ch uses a_ sjngle
crystal oscill a}tNg_g 0 gg?%{’%/%%%gcﬁ/tn%nr%%tﬁlzag}il%néﬁ%‘ﬁetsr on'i:llu'rncu%fes ﬁﬁ@e. 3
009 2 respect PvERSP tF ARFOATR REEREASH T FeRtEmlt FPRTCY fBat Spwldnavoid
Al t hough thi s apprerRIRTAT Fesakera prortadoires othepeaitvh drive ulnd the odych teacDoxiar y
recovery procedusgscinftarizadyopéitat@oh tbewsyd @dhOSeS% SyEHaREeBI Z88ocking
operation, it voupthsatul b2 AcoERAALE afl ACKERO-ARRAUSIUSLOL LR VPSS Of
drive apparatus so that a .,ystemwuld use_one unit inclu |n% he cloéklng
appar at us and ot R&F TT t'€ CRGOTIAKL et CABFEITS. RPN ERATAERERVENTSON
In the structurevitRRHt spghtstaugtesent invention, each drive has a self
contained local oscillator that either provides the

SUMMARY OF THE INVENTION

In the structure taught by the present invention, each drive
has a self contained local oscillator that either provides the
index for the drive functioning as an independent unit or as a
master for a plurality of 1like drive units which have
synchronized spindle rotation. The oscillator pulse source of
any of the like drives can be designated as the source of the
index while the other drives within the system becone slave units

synchronized to the common source. .

D
i Within a synchronized system each of the individual index

signal input lines are connected to a common link or node and
each of the individual decoded oscillator circuits is connected
to the common line or node through an enabling circuit that is
controlled within the.system to activate one and only one of the
enabling circuits. This provides a single drive design that, .
within a plural drive system, not only uses a single index pulse
source for synchronized operation and elimination of secondary
recovery procedures, .but also has the flexibility to use the
clock pulse generating capability of any drive within the system
as the master index pulse source. '

The synchronized system disclosed is flexible in Qenﬁitting
any drive within the system to function independently of the
synchronized system. It is also shown how the drives of a system
may be partitioned into subarrays, with the subarrays being
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imdex for the drive functioning as an independent unit or as a nmaster for a
plurality of like drive units which have synchroni zed spindle rotation. The
oscillator pulse source of any of the |ike drives can be designated as the
source of the index while the other drives within the system becone sl ave
units synchroni zed to the common source. W$hin a synchroni zed system each
of the individual .index signal input |ines are connected to a conmon |ine
or node and each*'gt®% h&Y ixedl wEededtaR c FHPIRIGKSCi PE uiGombiinedorfmrt ed
to the common I$yrRehgonigabionr femgh ancensnl iindexi siytiall tdwalrces car reddsd

within the systmﬁar 2ehF Y@l xt3B8 P00 OBhYo Cﬁ&si’rﬁlé he eRaRld GyChEEHL (G

Thi s provides | ty | ur I drive sysie not
only uses a S|%cie |ng gig? se sourgég 0 s nclfgﬁfge :ﬁgth |8ﬂ°%. dex
el i m nation of dar’é‘ 8BV & y“ﬁﬁt@fedd’rdéé shgRaly| £F hiket ﬁ@SF‘%xPEl 15 ty

to use the cl ocl@cﬁﬁ}J@edgm@fatsuggabap&bnhlme sfibaamrpydri ve within the system
as the master index pulse  source. The synchronlzed system di scl osed is

flexible in permtting any diggygeWhitdidph iﬁ#ﬁo tion
S

i ndependently of the synchronized system - own how the drives

of a system may be partltloned into subarrays wi th the subarrays being RO
9 93 009 Fig. 1 is a block diagram illustrating the structure of a

disk drive adapted for use in a drive array incorporating the
present invention. The block diagram of Fig. 2 shows an array of
drives of Fig. 1 with control commands supplied by a SCSI bus.
Fig. 3 is a flow chart of the functions invoked by a Spindle Sync
command. FPig. 4 is a second embodiment showing multiple drives,
as illustrated in Pig. 1, which are partitioned into subarrays
that may be synchronized to an index signal within the subarray
or to an index signal common to the entire system.

$ DETAILED DESCRIPTION

A disk drive 10 used in the implementation of the present
invention is shown in Fig. 1. A spindle 12 carries a plurality
of disks 13 for rotation in unison with the rotor of the spindle
motor 14. Concentric data tracks on the disks 13 are accessed by
the actuator 15 which pivots arms 17 which carry transducer heads
18 mounted on suspensions 19. A local oscillator such as crystal
22 provides a pulse train which is reduced in frequency by a
prescaler circuit 24 to provide a precision index signal which is
transmitted through multiplexer 26 to comparator 28. Comparator
28 uses the precision index signal and an index signal derived
by an index sensor 30 to generate an error value that ig sipplied
to the motor algorithm circuitry 32 to regulate or control the
driver circuit.33 and maintain the spindle motor speed at a
closely regulated rotational velocity.
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3 either synchronized within the subarrays or conbined for synchronization
froma comon i ndex signal source. In this latter configuration it is

al so possible to exenpt any drive or conbination of drives from

synchroni zation with a conmon index signal, whether a nmaster index signal
for the systemor a localized index signal within the subarray. BRI EF
DESCRI PTION OF THE DRAWNGS Fig. 1 is a bl ock di agramillustrating the
structure of a disk e remadapttetnios IE@roBessddl bME @& dAMmiNEOEP Verliony

the present inv@abhers Beiggblpokedl agr am AladFie a of ,dLives
of Fig. 1 with c&gggrg tgggg%q_%sé stuA)pI ied b ; a %%%Iztﬁ?%ffl }g_:ﬁéé%_a P ow
chart of the functions | nvoke Sy' aa§8i%&" ‘ét@ﬁé"“mﬁﬁ‘.’“ 1% 374204 oher
second enbodi nefEt_hFHCRATIREVDli@fgrnateon ard indepssignalisi arpitdentifikdch
are partitionedandt otxarnsanitagd tthat demycde cowmbedl oniizedits. an iTHdex ssi-gaal
Wi thin the subaghéyofitios Ayl NdeE Feoala COMBIDN t 8400 001 'sre%véy?&xggkin
DETAI LED DESCRI gg}lg\}“é# | S&-risve. 10 tlisgd. | nl?jt he | rngsl,errent at | O%ﬁ? t he
present invention Ls.shown 11 Fro Lo R spi REtERed Wadng 8T VR R3a Mhychy
di sks 13 for roFSePdFOPRITAUSoReTYQ AnEpranatdenongt dedacaped@ugface portion
of a disk or from a sector or embedded servo wherein servo data
is interspersed with user data using a servo sector portion
associated with each data sector or a series of peripherally
arranged servo sectors within the user data. The sensed index
mark identified by the index sensor 30 is transmitted to
comparator 28 for evaluation with respect to the precision index
signal.

The drive 10 may be operated as a sinég:le independent disk
storage device or may be sync_hronized with_iany number of other
like drives. For operation as an indep‘endent disk storage
device, the control input CI1 to multiplexer 26 is set to a value
of one which selects line 39 and deselects line 40 to enable the
output of pgrescaler 24 td be directly connected to comparator 28.
To be synchronized with other similarly configured drives, the
control input CI1 is set to a value of zero which selects line
40 and deselects line 39. The control input CI2 is thereupon
used to gate the output of the oscillator assembly to the common
or slave sync line 43 if the drive is selected as the master or
isolate the oscillator output from line 43 if the drive is one of
the slave devices of the array.

If the control input CI2 is active, each pulse from
Prescaler 24 is gated by NAND 42 to the common Or slaw{e sync line
43 and controls the synchronization of the local drive by
application of the signal through NAND 44 {which functions as an
inverter}) to the multiplexer 26 and comparator 28. If the
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‘ot or 14. Concentric data tracks on the disks 13 are accessed by the
actuator 15 which pivots arns 17 which carry transducer heads 18 nounted on
suspensions 19. A local oscillator such as crystal 22 provides a pul se
train which is reduced in frequency by a prescaler circuit 24 to provide a
preci sion index signal which is transm tted?t hrough mul ti pl exer 26 to

o ohal oy vou Loonum SIS $30 %S Nl B AR LS iRy g1t k16 PEE
Suppi e’ 1o thetip bl 8 U RRARSN, 5y tRo S5HCH 2 et Hans O cBopar
driver circuit SBYnEHE AtBfnditprighnating fEemra g diskh iyeempit is

regul at ed rot at romRIniratedi throuRD N34 DA multdpIérerarm id commaror32s.
processes and di scrim nates between signals being witten to or read from

t he di sk surfaces. LS.t S . d fr hannel
circuits 37 and: ot tﬁ?&rﬂ ?géﬁghcf# gggé’g]rovftos?ﬁ%e%r 5fﬁlrr_é:;ﬁ-iecailrtfﬁ<[;]1&r1(;cf‘ |%rcf Sg%s? Sn%(l:%I,
are identified BWY 4% PAAAL RRH RS bhe $doVe SYPEOHTES| 43 GFEQRLY connegped.
servo i nformati 8% Wepstraedidyi Fad. fT.orhe dediapds exksdved edmarhei SCSI bus

continuous servaré NohRBbted) et ai BRAndsé NGyAc SebMRakteadsWidehicified. -
Thereupon control input CI1 is set to zero to deactivate the
direct connection from the local oscillator assembly. Each drive
then "determines whether it has been designated as the master or
as a slave unit within the array and sets the control input CI2
to one or zero respectively. If other than one master is
desiénated,.an error condition occurs.

The array, as configured and connected, synchronizes spindle
rotation to the precision index signal of the selected master
oscillator:assembly. In the event of a problem associated with
the master. oscillator assembly, the woscillator assembly of
another drjve unit within the array assembly is designated as the
master. As so configured, it is not hecessary to resync all
units of the array if the master drive loses sync as is necessary
where the master unit obtains the controlling index signal from
the data on the disk surface. If a separate oscillator device is
used, the signal will not be lost to other units of the array
when a single drive loses sync, but it is necessary to have a
separate oscillator assembly part and the flexibility of
switching to another readily available oscillator assembly is
lost.

Fig. 4 illustrates a second embodiment wherein subarxays A
and B may be synchronized within themselves or" ma¥ be
synchronized to a common index signal throughout the entire
system. The illustration of Fig. 4 shows two subarrays, however
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reads continuous servo information on a dedicated surface portion of a disk
or froma sector or enbedded servo wherein servo data is interspersed with
user data using a servo sector portion associated with each data sector or
a series of peripherally arranged servo sectors within the user data. The
sensed index mark identified by the indexgsensor 30 is transmtted to
conparator 28 for evaluation with respect to the precision index signal.

The drive 10 B¢ B¥°EPbraPhe Rargisionnd ipke apenaembeiofk subartays wathce or
may be synchreacBetbArTRY aincluditheraryf notteer of i diskdgiiness.  Bath @Fekaki on

as an | ndependgok diive SDIANONTRN 86 oberGBRLER] B Bk LyBIlhipl exer
20 52l A0k oot a8 Mg husel S0l Ko R (il L 00 o

enabl e the out resc 0. be di't &¢

28. To be synéﬁ?‘o‘ﬁ?’z]eegeﬁFth%‘t"ﬁelm&%ﬁ I%W?%Snz?gﬁufé@"ar?m lipige48Bnt r ol
input Cl1 is Fefhtolathal deives 1@hoamhi LIP Sekeat sohtrel 4lhpand ciieseheeh s
line 39. The deeatmilesi Wpetned ahé&ésbe&warwdség g@tgna&eéa Qlitoz?f the

osci | | ator as§ﬁgb5gs$&attfé§ CSQFU?e < S{ Ave 4%)4”%%- 33? é?‘ *“rom §§ eX: i he

selected as th ter or a e 0scl | Tat
drive is one ng’? LPURFELABY P¥ed t8f MRe 18F3hay0sqifllp %rcﬁﬁﬁ?“gﬂliﬁ'npu?h%ll 2 is
active, each peREEX AppnpCd3cts ase@sd selpatethd lotdNDst2liatetheseennin or

sl ave sync |imBat is to be source of the index signal for the subarray or the
entire system. When the entire drive system is synchronized from
a common index signal_, only one of the CI2 control inputs is
active. If the élc?bal slave sync signal on line 54 originates
from subarray A, the control input CI4 connected to NAND 52a is
set at a one level to communicate the index signal on line 434 to
line 54 and the control inputs CF4 associated with all other
- subarrays within the system are set fl:o zero.The control input CI3
associated with subarray A is set to zéro. The control remaining
inputs CI3 are set to one or zero to respectively have'the global
slave sync signal on line 54 control the associated subarray or
have the subarray use the index s1gnal on the internal slave sync
line 43. Thus any combination of subarrays may be synchronized
to a common index signal or may use an index signal generated
within the subarray. Further, any drive within the system may
use its own independently generated index signal and be excluéed
from the synchronized control of either the global sync signal or
the slave sync signal of the associated subarray.

Although the invention has been described in detail with
reference to its presently preferred embodiments, it will be
understood by one of ordinary skill in the art thatf various
modifications can be made without departing from scope of the
invention. Accordingly, it is not intended that the invention be
limited, except as by the appended claims.

RO 9 93 009



* 43 and controls the synchronization of the |ocal drive by application of
t he signaﬁmND 44 (Wmch functions as an inverter) to the

mul ti pl exe m“mtor If the RO 9 93 009 5 control input
m I ocal oscillator assenbly is isolated and the

Cl 2 is dojigg

pr eci si on ax si ghal ®on common or slave sync |ine 43, originating from
anot her disk drive unit is communicated thfough NAND 44 to nul ti pl exer 26
and conparator 28. Fig. 2 shows an arrayemafiugri ves 10, each connected to a
SCSI bus 46 and all having the sl ave sync lines 43 commonly connected. As

rllustrated by F|g ﬁgﬁ nds. recei ved on the SCSI bus are nonjtored
until a Spindi & sydc 38 i geRtral EYS Fh&PEUPDrTTERt P61 A FHUETiceL i s
set to zero to deaéiaitﬁa’ééoﬁ?@ devms compreictipen: from t he | ocal oscill ator

assenbly. Each drive then determ nes whether it has been designated as the

master or as a sl a\éepygfglﬂyt Bengidhe Rk4Qy and sets the control input Cl2
to one or zero respectlv ? ot her than one master is designated, an

error condition occurs-. The array, as configured and connect ed,
synchroni zes spindﬁédh said disk drive including a disk spindle assembly

driven by a spindle motor, an oscillator assembly that
supplies a precision index signal, switch means connecting
said precision index signal to an index input line, and a
spindle motor control circuit connected to said index input
line, said spindle motor control circuit including'means for
‘regulating said disk spindle assembly  speed and
synchronizing said disk spindle assembly with the index
signal on said index signal input line;

means interconnecting the index input lines of each of said
plurality of disk drives to a common line; and

means for activating one and only one of said switch means
during synchronized operation of said hlurality of disk
drives, whereby the oscillator assembly connected to said
one switch means becomes the master which provides the index
signal to all of said plurality of disk drives.

2. The synchronizing control system of claim 1 further
comprising means for deactivating said one of said switch
means and éctivating another of said switch means for
enabling the oscillator assembly of another of said
plurality of disk drives as the master. _

. % :

3. The synchronizing control system of claim 1 or 2 wherein

each said disk drive further includes second switch means

connected to enable_ the oscillator assembly to communicate
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rot atron ~to the precision index signal of the selected master

osci | tator: assenbl the event of a problem associated wth the nmaster.
osci || a \m\s @ oscillator assenbly of another drive unit within
t he arr esrgnated as the master. As so configured, it is
not necessaFy ’to resync all units of the arrgy if the master drive |oses
sync as is necessary mhgre the master unit obtains the controlling index
signal fromthe data "6 tﬁeeﬂir%‘l?nsaflfia’ées-’-qqalatgeﬁla? AFRIEE MOLPHr Cortiade
i s used, the sighal wWirFuibtofbghhbsiritve.other units of the array when a
single drive | oses sync, but it is necessary to have a separate osci |l I at or

assenbly part ang thankl syhbidlonigl SHel bg. i ARoLhetyrpagh! ¥ avallabl e

osci |l ator asse |. oS secon ein
subarrays A and B rra?afjg sdﬁﬁé‘ F’feﬁ REERPNY hEedees dc?rtarreﬁ/t%ége disk
synchroni zed to a coﬁ#ﬁﬁa¢¢ﬁje%ndsregnal saht oligikodrivé efwrithare igpiuden iRidex
illustration of Fig. sénsiiey\Sndaw® SoibehaystindoneydiseBOifa8d 30Ba1 aérivha

system can be partitigpRdahph 0 @Ry BHEPCLr Ofe UL AYSe Waddl aisk storage
surfaces and said spindle motor control circuit includes a
comparison means for comparing said sensed index signal and
said precision index signal to generate an error value .used
to correct spindle rotational velocity. ’

5. ° A synchronizing control system for an array of disk drive
data storage devices comprising :

a plurality of disk drives;

each said disk drive .incfuding a :plurality of data storage
disks mounted on a spindle ‘for rotation in unison with the
rotor of a spindle motor, an i:scilla_tor assembly that
provides a precision index signal, spindle motor control
circuit means for controlling the rotational wvelocity of
said spindle motor, synchronizing circuit means for enabling
synchronous operation of .said plurality of drives, first
switch means for interconnecting said preci'sion index signal
to said spindle motor control circuit directly when in one
state or through said synchronizing circuit when in another
state, said synchronizing circuit means ingluding second
switch means which is activated to select the oscillator
assembly of that drive as the source of the precision index
signal for the plurality drives during sy;}che'ronous

operation; ?

means connecting the synchronizing circuit means of each of
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- .each-subarray i ncluding any nunber of disk dri ves. Each of the disk drive

units 10 re identical to the disk drive unit 10 of Fig. 1 and
ea(‘mn‘mgm/‘@iﬁ\mnnect ed to a slave sync line 43A while each drive 10B

i s 1ok mt Os a sl ave sync |line 43B. Each of the drives 10A and 10B has a
control input Cl1 which determ nes whether tghe respective drive uses the

i ndex signal on the associ ates slave sync |ine 43A or 43B or uses the index
si gnal generated by $3#xd @iprabity ofsdrives dp agmmmwbhyline;Thedcontrol i nput
Cl2 is used to Select the local oscillator assenbly that is to be source of

the index signal formddis $HPAL@YaRind %ee%%&ﬁlfyﬁ}eegr,yﬁ%ln sbBG £ '1%%%

drive systemis sererQ(_rla | zed froma common ex sl gn only one O

Cl2 control inputs is active. If the gl obal sl ave sync signal on line 54
originates fromsubarray A the control input Cl4 connected to NAND 52A is
set at a one |esel tThemEmphroaizingheohttsX sysgaalofor1kiines 4dfedednl i AReh4
and the control inpuisiddbe-geseaton aitat !k shisadinfle §§9@é{ 248 HdoRiBeLhe
system are set to zetQo. c npu assqciated with subarray i's
set to zero. The con‘%ﬁg;gﬁesrrg'l%ﬁﬁ%e‘# n%rt?t’f‘s EF.BS%? R4 o‘ffé:f’blf'gzg?% f@e
respectively have tH¥F%19Bafd Jrdve Syareiopgyiadepsndensdy Sipxdghng dihe hadex
associ at ed subarray signadvesime thebinternanserivecosdidea o ganadembayt he
internal slave sync line 43. Thus any conbi nati on of subarrays nay be

synchr oni zed t0 ;2 OB 4088, S1;908he Ol TYeHF Sl bRk %1 SRS AL o0

data storage devices comprising :
an array of disk drives;

said array of disk drives being partitioned into a plurality
of subarrays with each subarray including multiple drives
wherein :

each said disk drive including a plurality of data storage
disks mounted on a spindle for rotation in unison with the
rotor of a spindle motor, an oscillator assembly that
provides a precision: index signal, spindle motor control
circuit means for controlling the rotational velocity of
said spindle motor, synchronizing circuit means for enabling
synchronous operation with other of said of said disk
drives, first switch means for interconnecting said
precision index signal to said spindle motor control circuit
directly when in one state or through said synchronizing
circuit when in another state, said synchronizing circuit
means including second switch means which is actiyatied to
select the oscillator assembly of that drive as the sburce
of the precision index signal for other disk drives during
synchronous operation; -
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wWthin the subarray. Further, any drive within t he system may use its own

i ndep i ndex signal and be excluded fromthe synchronized
contralrmmnm*mmm]mmgl obal sync signal or the slave sync signal of the
associ at ed sttbafray. *Al t hough the invention has been described in detail
with reference to its presently preferred eﬂpodi ments, it wll be
understood by one of ordinary skill in the art that various nodifications
can be nade w thout mRawsr tdompefring sarRpesydbhiheizinyeaii@it ARaas dbhgbYenit

i's not intended -t hataide aiciveNit®8nen | i Pal oo LE6RN %%b?i‘ré;hﬁiﬁgfe”ded
clarms. RO 9 93 009 7 CLAIM5S 1. A synchionizing control systemtor an

array of disk drive a,t% storacﬁ_g devices conprising a plurality of disk -
drives, each said disk™fri §&57t| BERRY REPOSkatyd ndPEreddarby y vithveradly a
spi ndl e notor, an ostiveirasyr fagseotinectiay suepl s=isi acpmesi Silbme i vdexthe
signal,” switch neansaszerietéd NELa2kay RIE §idshl Beforsi19na! ddy an i ndex
input line, and a P
means for connecting ohe and only one of said oscillator
assemblies to said global common line.

8. The synchronizing control system of claim 7 further
comprising fourth switch means associated respectively with
each subarray to selectively connect the said subarray

- common line to said global common line, whereby the subarray
can either operate in synchronization with the index signal
supplied by said global common line or in synchronization
with an index signal generated within said subarray.

13
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spindle notor control circuit. connected to said index input line, said
spindle notor control circuit including nmeans for regulating sai d di sk
spi ndl e assenbl y speed and synchroni zing said disk spindle assenbly
with the index signal on said index signal input |line; neans

i nterconnecting the index input lines of each of said plurality of disk
drives to a conmon |ine; and neans for actlhating one and only one of said

switch neans duri ngrsyIRveNsZahar8rAtiRNToir oA SePliirdsi b Merdbsk

drives, whereby the oscillator assenbly connected to said one swtch neans
becones the nmaster which provides the index signal to all of said plurality
of disk drives. 2. The synchroni zi n®B5&8A%%¥ ol system of claim 1
further conprising neans for deactivating said one of said switch neans and
activating another of said switch neans for enabling the oscillator

assenbly of another,_, of i lurality_of disk_drjives. he ster. 3.
The synchroni zi ng Egr?taF %Lsgoégggn#‘ 0 %f’a‘f%aira r 1% s\?ﬁgirué?%lz:e?cﬁs%%n’grﬂ%ﬁ(

drive further FRETEHRgedeRoMPSsWRE cIPUREARE C8RHERLRY t3FSERRLY e WHEh is
osci |l | at or assepibihgcted coithierni datre iIRGePedBnB0Pperation of each drive or

synchronization of all or any selected drives of the array using
a cominon or slave sync line that can supply an index signal to
all or any portion of the drives of the array and is capable of
using the oscillator assembly of any drive in the synchronized
array as the source of the common precision index signal. The
system can also be partitioned in subarrays with synchronization
of the entire sifstem,' of individual subarrays or any-mix of
subarray combinations while retaining the capability for any
drive of the system to function independent  of the
synchronization of any group of drives within the system.

i

Figure : 1
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R T
8 said precisiion i.ndex signal to the spindle notor control circuit of that
drive. 4. The synchroni zing control systemof claiml to 3 wherein said

di sk spindl e assenbly includes data storage di sk surfaces and each said

di sk drive further includes index sensing nmeans for generating a sensed

i ndex signal derived fromdata read from.ati/4 east one of said disk storage
surfaces and said spindle notor control circuit includes a conparison neans
for  conparing said sensed i ndex signal and said precision index signal to
generate an error value used to correct spindle rotational velocity. 5= A
synchroni zing control systemfor an array of disk drive data staorage
devices conprising a plurality ef disk drives; each said disk drive CD
including a plurality of data .storage disks mounted on a spi ndl e foryy.
rotation in unison with|the rotor—e |l e notor, an OSC|IIator
assenbly that provides @ precision |ndex 5|gnal spi nd i

circuit means for contrplling the rotational y

not or, synchronizing cifcuit neans for enabli
sai d plurality of drive first
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‘Switeh means for interconnecting said precision index signal to said
spindle notor control circuit directly when in one state or through said
synchroni zing circuit when in another state, said synchronizing circuit
means i ncl uding second switch nmeans which is activated to select the
oscillator assenbly of that drive as e source of the precision index
signal for the plurality drives during synchronous operation; neans

connecting the synchronizing circuit nmeans of each of RO 9 93 009 9 said
plurality of drives to a common |ine; and neans for activating one and only
one of said second switch neans. 6. The synchroni zi ng control system of

claim5 wherein, when said first swwtch neans is in said one state, the

associated drive is isolated fromthe synchronizing circuit and the

associ ated drive furnctions indegengentiy deriving the index signal using

the internal drive oscillator assgpbly 7. A synchroni zing control system

for an array of disk drive 3
i
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data storage devices conprising an array of disk drives; said array of disk
drives being partitioned into a plurality of subarrays with each subarray
including multiple drives wherein each said disk drive including a
plurality of data storage disks mounted on a spindle for rotation in unison
with the rotor of a spindle notor, an oscil B/t or assenbly that provides a
preci sion: index signal, spindle notor control circuit neans for
controlling the rotational velocity of said spindle nmotor, synchronizing
circuit nmeans for enabling synchronous operation with other of said of said
di sk drives, first switch neans for interconnecting said precision index

signal to said spindle | circuit directly when in one state or
t hrough sai d synchroni zi STPRLi t) when in anot her state, said
synchroni zing circuit means including second switch nmeans which is

activated to select the oscillfator assenbly of that drive as the soprce of
the precision index signal fofNother disk drives during synchronous
operation; RO 9 93 009 COMMAND .
?
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= .

10 Feans connecting the synchronizing circuit neans of each disk drive
within an array to a common subarray line; third switch nmeans associ ated
respectively with each subarray for connecting the said comon |ine of the
associ ated subarray to a global conmon |ine; and nmeans for connecting one
and only one of said oscillator assenbli &8 to said global conmmon |ine. 8.
The synchronizing control system of <claim 7 further conprising
fourth switch nmeans associ ated respectively with each subarray to

'sel ectively connect the said subarray common |ine to said gl obal conmon

| i ne, whereby the subarray can either operate in smﬂﬁﬂ&onization with the
i ndex signal supplied by said gl obal comon |ine ogf g{yfF SyRchroni zation with
an i ndex signal geneQﬁhed wﬁp@?ﬁ ardsubarray. RO 9 93 Q09
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