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SCALABLE MULTI PLE"LEVEL | NTERCONNECT ARCHI TECTURE. BACKGROUND COF THE

I NVENTI ON 1. FI ELD OF THE | NVENTI ON The present invention is

- directed to the field of progranmabl e gate arrays More particularly, the
present invention is directed-taza scal-able-nul tiple l-evel connector tab
network for increasing rout?bl ’ﬁﬁﬂ’lnpth]ng Spegd @f signals in a
field progranmmabl e gate arrigy:* ;2”“ PARSF ‘BACKGREUND - | Afield
progranmebl e gate array (FPGA); 88,9 cdét“eﬂ?ed%?%%M‘ﬁlgh density off the
shel f integrated |ogic circuitrwhistsh casede-progaadmed-by the user to
perform | ogic functions. G¥lctistradesi grgrs detd pre=¢ hd-désired |ogic
functions and the FPGA is pregrampedit®rpr.ocess. the.si.gnals accordingly.
Dependi ng on | ogic density requiTements and production vol unmes, FPGAs are
superior alternatives in terms of costiand time to nmarket. A typical FPGA
essentially consists of an outer ring of 1/0 blocks surrounding an interior
matri x of configurable function generator (CFG |ogic blocks. The I/0O
bl-ocks residing on the -erluher of an FPGA are user pro ranmabl e such t hat
each I+ O bl oclELl& 2! ATIVE an out put

and can al smgUbrmcsts@fo@ﬁ mxié%iwim'ml ?ELTMN@'iW magpgsﬁFGs and

WO 96/ 35261
5 DISK“DRIVES

FIELD OF THE INVENTION

This invention relates to high speed disk drives having
a plurality of recoxrdable disks in a disk pack and more
specifically to shrouding of the disk pack of these high
speed disk drives.

BACKGROUND OF THE INVENTION

A rotating disk pack of a high speed disk drive tends to
cause the rotation and pumping of a substantial portion
of the air mass within the disk pack. This air movement
occurs as a result of the fluidic friction or shearing
action between the disk surfaces and the air resident
between the adjacent disks. Rotating disk surfaces
transfer rotational energy and movement to the air mass
through the boundary layer égﬁihe air/disk interface. .

As the air mass is rotated about the axis of the disk,
the air closest to the axis of rotation generally will
have a laminar flow pattern relative to the disk due to
slower speed of-ﬁhe inner disk surface and less shearing
action between the disk surface and the air mass. As the
radial distance from the axis of rotation o% the disk
pack increases, the* air flow becomes increasingly



stbragéiregisters. The CFGs are used to perform bool ean functions on its

i nput vari abl es. I nt erconnect resources occupy the channel between
the rows and colums of the matrix of |ogic blocks and al so between the

| ogi'c bl ocks and 1/ 0O bl ocks. These interconnect resources provide
flexibility to control the interconnection between two or nore designated
points on the chip. Usually a netal network of lines is oriented

hori zontally and vertically in rows and colums between the | ogic bl ocks.
Progranmmabl e swi tches connect inputs and outputs of the |ogic bl ocks and

I /O bl ocks to these netal |ines. Cross point switches and interchanges at
the intersection of the rows and colungs are used to switch signals from
one line to another. Oten long lines &e used to run the entire | ength
and/ or breadth or the chip in order to provide point to point connectivity.
The functions of the 1/O 1ogic blocks and their respective interconnections
are al |l prograFRagiest .Typj E'gﬁ'-l yairhete fdirfttuehedarkeeomby | &¥ b\the

confi gurati OR iR ARG th) AN tBr BRER SLrFARY BRI own the AS
t echnol ogy has becon% nore an ophisticated so gas the functionality

nore s
of FPGAs. The3fdmedr f4PvcResn ﬁ‘%{nféﬂa § Pak alsr g FHERNY FS nore
conpl ex | ogi eHfidir predjects ihtd elve thate bheweaenbeheothidjaicenmtordiadds on
resour ces aI§§ Eﬁ%i greased. Conpeting with the increased nunber of CFGs
and i nt er connéctt 1y PR is théheed to keep the chip as small as
possible. One way to mnimze-the anount of real estate on the chip
required is . :

bot Use/ ogodhe rotating S ¥atiéYets as a pumg ag, it attempts to. ng
resour ces whidisoh@ingeaitiien@ix ceassifrdrevidie aperpherwnaécthe Gisks.

Therefore, | oHeARh R itRFAdEIRN dthd Nehd WKL ONRLEEY£LTBREBRATCD BB e chip

i ncreases, the interconnection resources required tqQ caonnect a | arge nunber

of signals c&FSHEREESEERPLEXPRGANER. thRY £ONFHERR) fe ALON ISR ETONKE: ei t her
|l eft unused @ife detdipaccessidi hetipiekathe tHeCss s eigaagysidit yiho the

i nt erconnect _wi r.es .i nst of..performng certain logjc,functions. ,This can
L osul €1 anREcHER s B ity HIRH (S S s SRR S3Ye Shet: Phatfh. The
al ternati ve velbeimvovfdéhenddskoetigegatddsotocehenwknelrgyamreiqudnressed he
chip die siz I tical |y Y OF NTI . Loproved
field progr a(r%r%atalq.:e@jlg{%}{t‘}ée1 ad?irsgﬁ?%) i gﬁggg\%p%gd ich ?Oﬁn(ﬁlund%&; g‘?l%‘d(r)\et wor k
connectors f Fequimesf deingpry s wicalbginenas | exnerAirones kegelthest

i nterconnect ;A% flirger disk drive motors and concomitant heating

with the disk drive.

Because slider heads are aercodynamically supported
relative to the disk surface on very thin air bearing
flows, the environment within the disk drive must be very
clean. Any inclusion of co:;taminant:’s such as dust or
other particles may cause dax%gge to the disk surfaces if
trapped between the disk surfaces and the slider, which
is aerodymamically supported at a minute distance above
the disk surface. Any solid contaminates trapped.hetween
the slider and the disk surface may score, scratch or
damage the disk recording surface, destroying the ability

of the disk to record data reliably at that location.

While efforts to eliminate particles within the disk



inﬁerfaéing | ower | evels of interconnect with higher |evels of

i nterconnect. In one enbodi nent, the connector is used to interface a group
of elements or configurable function generators (CFGs), including storage
el enents, to certain |levels of a hierarchical routing network. Each group
or cluster of a logic block is formed of multiple CFGs programmably coupl ed
to a set of bidirectional input/output lines. In the present enbodi nent an
i nnovative cluster architecture is utilized which provides fine granularity
wi thout a significant increase in |logic elenments. The bidirectional

i nput/output line is coupled to the connector. The connector includes a
connector tab line coupled to the bidizectional input/output |ine through a
WD 96/ 35261 PCT/ US96/ 05964

4 programuabl e switch. The connector tab line is also coupled to the
connector a g bi di rectional_input/output |ine of an adjacent bl ock.

Frequent |y, SFHh@Ia¥emadrSuciag asaambdy adiddcenensl vsiesofanbei diske prior

art val uabl edspuéi egptbaﬂywmh h:@tsalicto&ae%hbts%qméitteraé@é@iér&h&ﬁe
routing hiera ch¥%mre used. In the inprqoved FPGA of the present Invention,

a signal fro |E°’BP8€EnEﬁnaBQ &ﬁ@é&ﬂ%%ﬁ%ﬁ%%ﬂ%cﬁ’%‘@h‘?lﬁégl c
bl ock wi t houteing|pzesgnthénnehwoak skf drawiei.ng |ines. This frees up the
val uable routing lines to performl onger, non- adj acent bl ock routings, and
therefore the space required for non“adjacent routing can be optimzed. An
addi ti onal-, Ehgyirdvenent ol aritagel T svi thein theridisig pﬁclblmkagetmmed by
si gnal T out 4% A A Dictler e6htaNahahURLLOKERUL JARSidh ol ealivs!y

WOT

coupl ed t hrough tvvo connect or i'ng e¥archy
Al so coupl edF35® h%h%llatf?]%bibh‘élf PRpdLsbudpmade-ne is a pI urality of
bi directional swtches that are programmuable to permt a signal originating

fromthe blcax%@élonal gu%&%}g%llneto couple to one or nore of a

plurality of-9RRAFE BRAKLPE 1L 58FiRg Iqwg%“???%t havegrkeerbl e

driver and smtchd)r Qor mwmdéi \tetre aémwaﬁﬁa@nbml gd heigween the

bi dlrectlonag éJt/O ut ne and the uf‘alitdysc?g{ SwWi t ches. Thehfirst

driver drives e si g Wrﬁﬂﬂf CRE§i | §0yCcREReLl the

bi directi onaiontmmﬂmtlts'pmoﬂlsme osighbf boener spure aad iingddamws et he

hi erarchy of S o] det er. ed tches. The
corhildity | BES (K OHGL A AL 00 R g%t%ma@ev%ﬁw%

second :dri ver ta es a si'g receive rom a rou He M%erarchy
of routing Iqe}f&attltﬂ%ugﬁxéeﬁﬁég’ﬁammﬁﬁ@tﬁm tth t radwcadi dkhect ipmvedx

i nput/out puiconsumption of the drive motors. Significant
technological efforts have been made to reduce the size
and electrical energy consumed by the disk drive motors.

With reduction in the size of disk drives becoming a most
significant design consideration, improving response and
the reducing energy consumed by the pumping and
displacement of the air w1th1n the disk drive becomes a
significant objective. If the air within the disk drive
can be confined generally within the disk pack and that
mass of air moved, the pumping action of the rotating
.disks with respect to the air mass will continue to be

present. A shrouded design is more efficient than a
design where all of the air within the disk drive is
disturbed. Shro{zding of the disk pack has been

beneficial in reducihg the power required but does not
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5 line. Thus, a flexible, programmable connector is provided. Furthernore,
t he connector can be programmed to provide a "fan out” capability in which
t he connector drives nmultiple routing lines w thout incurring significant
addi tional signal delay and without using multiple tab connector networks.
I n anot her enbodi nent, the tab connector network can al so be used to route
a lower level routing line to a higher level routing line. This is
particularly desirable in order to neet the needs for driving a signal

al ong longer routing lines without requiring all signal drivers be
sufficiently large to drive a signal akong the |longest routing line. In
particular, routing tabs lines are provided that span distances equival ent
to athird level of the routing hierarchy. A tab network is coupled to each

routing tab |ine_to programmably connect each bl oc hrough the tab line to
one of a pl ut R YR RHGREIE 1K o g S CE e SR [ des

pr ogr ammabl ephick.r ectional drivers to drive the signal along the |onger

hi gher | evel routing lines of the routing hierarchy. These connect or

networks enable a flexible routing schene to be inplenented in which the
routing |inefyaiceddly .| ehuting ethi vialdf 2 atersagsanfopssempdlve oforfdiget can
be accessi bl gily afivs! S8 8% skoghgxehel s GECGirabd motezong-set
accessi bl e byla seé%nd§%et ofaﬁggi%h%'eﬁbﬁfgﬂ%ﬁq%ﬁcs. %%e f?fgt set of

routing |inedsgeabd@dsta btket §ickedzdvendasar of fogme ardndhed dherGs

via the corraeReRHdiY iGORBRGER whehWehkSai ek [%/%@k.semf@réﬁér afhdQ9i1Gs
elenents or CFGs. Simlarly, the 96/ 3526Q

PCT/ US96/ 05984 Permanently mounted cylindrical shgoudsCaRFuBiSCIdPingi
elenents or oSt & HAREesscilitety rof cd -@iskophtRy thenassendIvhef

connector ne rks for _the first,se .o% %o i ¢ .el enent r CEGs.. 1t foll ows

that the fi r%‘?‘%sérls Péﬁgs"ﬁha ﬁ-’gsoﬁas e r%fec}:ﬁiec 3a@bee§r§e%rhg $Bts of

routing |inesheheaebyahoni mseagpline Wiithel theodicfk r pacingobesehnge 20f the

signal . formidable obstacle to reliable and efficient assembly.
Obviously, assembly of the actuator and the disk pack
without the cbstruction of a shroud is significantly more
simple and efficient.

The size and mass of the disks may be such that impact
forces on the disk drive cause deformation of the disks
or the support structure of the disk pack, possibly
resulting in. contact between adjacent disks. This
contact can cause damage to the disk surfaces and
generate undesirable particulate material which could

ey
i

damage the disks.
OBJECTS OF THE INVENTION

It is an object of the invention to provide an enhanced

shrouding design permitting simplified assembly of the

disk drive.

It is a anothexr object of the invention to provide

This Sheet Has Been Replaced
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Futthermore, a turn matrix is preferably included to cause the signal

| ocated on one routing line to transfer to a routing line in a different
orientation. For exanple, a turn elenent of a turn matrix enables the
signal to transfer between a horizontal and vertical routing line. As turn
matrices require a significant anount of space on the chip, the connector
networks can be utilized to provide sufficient connectivity, especially for
t he nost commonly occurred two segnents diagonal connect while mnimzes
the real estate for turn matrices. In particular, the connector networks
enabl e the device to inplenent partial turn matrices, wherein up to half

t he nunber of turn elenents are elininabed to save space on the chip.

In addition, this innovative routing hierarchy consisting of the nmultiple
| evel s of routing |lines, connector tab networks and turn matrices, permts
an innovative, space saving floor plan to be utilized in an integrated
circuit inplswmmainapnof ahldei ¢ighr packl wikhisf i diskt dniven tSRAMdwEr used as

the confi guciééb%cgﬁésasg%l ;%g{d Ry d 15 &  5é! é‘?EE ETL‘%C aHLhiecture

i m which ea connector "t net wor of a 2 grouping is
arranged as &Wa¥dF- i mage al ong t he adjacent axi s relative to each other.
Furt hernore, the bidirectional WO 96/ 35261

PCT/ US96/ 05964 nput,/ out put I|nes
provi ded asqﬂmﬁ$nﬁuFPﬁﬁpﬁﬁiQHiﬁﬁFfQ#'EEE*P%W%EElaPeQQ’%Qﬂﬂéi 5in two

directions @instenUicphtiba Wwiphdal they tdesispuldf £adisangaedStstdidigTt i ons)
such that th ock, c nector tgh._networks_for_adjacent c face each
other in o BRI | B CHE < ORPe LAt GHELAER b g Ao LBet FFS Kistke Lo
share routi miriresolesbgn. This reduces the routing segnents requirenent. In

addition, this arrangenent enables either a 2x2 block or a 4x4 bl ock
grouping to be scal abl e. The innovative floor plan al so nmakes

efficient udd dfs @ &tddde£unithien iqhject gfofheddayenidan &0 td Ilzsor pl an

provides otk PlsWhdtubredl 00Nk GSE JRETI M1 RN PIASHHE G BT IshFHddhi ch
provide the functlonallt¥ of the bidirectional switches) wth small regions
ri

of |ogic forSWEenhR r Qigtk { RBCK| &k 2 oRhEK: ST Ret mEevent
Thereforg dt\hﬁimdmsaalﬁéﬁméwl &ﬁ:&&%&@ mmmﬁk wmﬁ?d logi c
are avoi de ntra- ter. routi i nes,an |rect|ona routin i nes
re Ptern S SAAEy SHEGLIEn G 1 HPERE LRy GRS | A8 Len FEE ofaier i th
menory and phsisgat e arrays to provide connections to higher |evel routing

| i nes and connections between CFGs in the bl ock.. :

SUMMARY OF THE INVENTION

A disk drive with a plurality of disks forming a disk
pack is designed to be assembled so that the actuator and
the disk pack are merged prior to the insertion of a
shroud .around the disk pack The shrouding leaves
sufficient access space prov1dai for the proper and

necessary movement of the actuator arms.

The shroud is formed of an elastic material which will
deform readily to accommodate the forces and formation to
a generally cylindrical shape necessary for installation
of thé shroud. Preferably, the shroud is designed to
engage positioning and 16cating surfaces on the base of
the disk drive and further to be engaged by locating and
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BR'EF DESCRI PTI ON OF THE DRAW NGS The object, features, and

advant ages of the present invention w Il be apparent fromthe foll ow ng
detail ed description in which: WO 96/ 35261 _ _
PCT/’'US96/ 05964 8 _ Figure 1 is a

bl ock diagramof a field programuable gate array | ogi ¢ upon which the
present invention nay be practiced. . Figure 2A illustrates one
enbodi ment of a logic cluster. Figure 2B illustrates one enbodi ment
of local interconnect between |logic clusters. Figures 3A and 3B
depi ct an exanple of a logic cluster with vertical block connectors.
Figure 4Aillustrates the connection between bl ock connectors and bl ock
connector tab networks which interface with higher level routing |ines of
the routing hierarchy. Fi gure 4B shows exenplary horizontal block
connector tab networks that programmably connect to vertical |ines of

multiple |eRISGEonkeyr surfages cassetiated with Rihpireodersbdwsthe
exenpl ary verdigel apipek ‘Eﬁ@%ﬁ"yort vﬁ#’ rroaf Mﬁée ksnibah R ?1‘. %%méaé)élyr&?““e“

to horlzontal | i nes of mul t | e routing eérarch

Figure 5 is QSqﬁﬂ94|EBeHPH§FaﬁhqI@é?katﬁﬁ}%ﬁ2&§ ﬁEéﬂY @Sﬁﬂmh%ﬂﬂ t he
bl ock connectmie tsHrdied wel tesr idBt Proui dla ddieridn eid@asei 41 M8l al evel s

i n con nctiQn with the turn matrices.
of the routng_Mégéugggu Jt at éﬁe air pressure created during

disk drive operation will not create undesirable

pulsation_~and vibration within the disk drive, and the
shroud may be easily formed for assembly.

The shroud may be advantageouély provided with ribs or
flanges which extend radially inwardly toward the axis of
the cylinder and axis of the rotatable disk pack. The
ribs or flanges are disposed at spacings to be inserted
and occupy some of the space between adjacent disks of
the disk pack and extend toward the axis of rotation of
the disk ‘pack. The flanges provide abutment surfaces
engagable by the disks if the disk drive should be -
impacted, mishandled, or dropped. The impact forces
typically result in displacement of the periphery of the
disks that could cause damage to the disks. Being
elastic in nature, the flanges disposed between the
adja_-cent disks absorb much of the force and prevent

WG

contact between adjacent disk’ surfaces.

Although formed as a generally a rectangular member, the
shroud member ultimately is xrolled or bent to a
cylindrical shape. Advantageously, the shroud may be
provided with an aperture therethrough extending from the
chamber formed within the cylindrical form of the shroud
to the air space ocutside the cﬁzlindrical shape of the
shroud. The aperture may have disposed therein a thin
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9 Figure 6A and Figure 6B illustrate an alternate enbodi nent in
whi ch the bl ock connector tab networks are connected to subsets of routing
linés of nmultiple levels of routing |lines. Figures 7A, 7B and 7C

respectively are a sinplified block diagrans of enbodinents of a horizontal
and vertical MA turn network for a first level of routing lines, and
partial turn networks for second and third |l evels of routing |lines.

Figure 8Ais a sinplified diagramillustrating a layout floor plan for a

| ogi ¢ bl ock. Figure 8B is a sinplified layout floor plan of a 22

| ogi ¢ bl ock array. DETAI LED DESCRI PTI An i nnovative connector
tab network, interconnect architecture and |ayout floor plan for
programabl e logic circuits such as field programmabl e gate arrays (FPGAs)
is described. In the follow ng description for purposes of explanation
nuner ous speélpitcadet fiillder suh FnHra Mas@h R&A conbi natorial 1 ogic cell
or configurable function generator (CFG configurations, nunber of CFGs,
etc., in order to provide a thorou h undergtgnging of the Bresent

i nvention. | TG PPEBEUSEyPBEs thRoREFEFIALENEIERTI PEGT T PRESEPE Phat the
present inveaﬁ.lroﬂrﬁihYWDEhﬂﬁaﬁheC@jﬂlﬂmaﬁi)ﬁaltihﬂse chatid ishrdedaicbsthen ot her

i nst ances, kno res eV| ho c iagram
formin or de?uk;ﬁlg\?& 83? %c% i3%\e I"f/"%% sﬁﬁe‘t%hélrm%%g PeS£seshad WO
96/ 35261 to allow a controlled volume of RCE/ t‘JSQBéOé@Bhanged with

10 i pvent| opnel Lshoyldk Alsope BAL8A! Dahathe desaniy i ayagtencdlgsor | bes

an enbodlnen zes Static random access to contro
the state ofpbedsnmtzul@maanm@waqm@@dofl—ﬁh@v@tﬁﬁénﬁr@ééhs Phvention

pertains to gpyuai;ehy ﬁHclPrOEEéf‘@ﬁN}/ LRdUE e RIthdIQHi 4é k&8st Pan SRAM

dynam ¢ random access nenory (DRAM), fusé/antifuse, erasable progranmbl e
read-only neﬁﬁ@?lPEPReNFn-@4¥ﬁQQQ%ﬁ9%F(ﬂ%Eﬁ&He progranmmabl e read-only
menory (EEPROM) and ferroel ectric processes. The concept of the connector

Accordingly, coni:aminants and foreign particles entrained
within the air flow may be forced against and into the
filtering material. The trapped or filtered contaminants
and particles are prevented from being lodged between the
surfaces of a disk and a slider and thus avoid surface

damage to the disk.
A more complete understanding of the invention may be had
by referring to the accompanying drawings and the

detailed description of the invention to follow.

BRIEF DESCRIPTIOEEGF THE DRAWINGS

Fig. 1 is a schematic view of a disk drive with the cover
removed incorporating the present invention.

Fig. 2 is an enlarged illustration of the airflow inlet
and outlet regions .formed by the shroud of the present

invention.



tab neflorks utilized in the routing hierarchy. as interface points and as
bidirectional drivers, can be applied in deep subm cron masked gate arrays
where judicious placing of such drivers is critical. Figure 1 is a
bl ock diagramillustration of an exenplary PPGA upon which the present
invention may be practiced. The array 100 conprises |1/0O |ogic blocks

102, 103, 111, and 112, which provide an interface between external pins of
t he package of the FPGA and internal user logic, either directly or through
the /O logic blocks to the core interface blocl ks 104, 105, 113, and 114.
The four interface blocks 104, 105,113, and 114 provi de decoupling between
the core 106 and I/O logic blocks 102,103,111, and 112. Core 106

i ncludes the logic and interconnect hierarchy including the connector tab
net wor ks descri bed herein in accordance wth the teachings of the present
invention. As will be described subsequently, this innovative interconnect
hi erarchy caf¥e- u3iiszadrestigdnand esectionrl pragwt it 2eddiskesinive
significant %@E’iﬁ@@r&@iﬁ?e @€ installation of\OtHE/ 39P8dtic shroud .

PCT/ US96/ 05964 Thus, as the 1nterconnect density increases, the die size

i ncreases at S$%HhiWiERHR| § SLsKeAridLe. The cofe includes progranmng for
the CFGs as well as control logic. In the enbodi nent descri bed herein, SRAM

technology is utiljzed. However, fuse.or antifuse, E ferroel ectric or
S Lar Cchtbuy 1t DEOAHAL AU BR R bt My oGP dised ¢ o
provi de cl ockslouwlinigsehe | ehagtor asfrou@ RAS|I ghien prdesnt o iMvaintitm -
skew ng. JThe present. epbodinment provides . CE i rou cal

clusters. Fi gl’harvél-l;g%« Elpsp alﬁre'§2%1g%| 83"50Fpl ¢ oﬁ‘ﬁ-glgﬁ&é‘t%%f .f'l]%n(:v!’less &r?tpé)rﬁﬁ ted
that the |ogiin ctisserproximityut 6d bheFdgeke 24 ithe IAisk mackee and | ogic
cluster can be forned of other elenents such as |logic gates and flip-

flops. Referring to Figure 2A, the logic cluster 200 is forned of four

el ements. Thés&¥ el emdidStHA R bhe 2iapukc crbrovd, fwther &Xasenl CFGs

204,206 and Qrivdixid@pwi@d: £FEidQerCaf] ahéftbemsddieR®e tRPHbEifFGndlhe

CFGs 202, 204, 206_are progr bl e conbinatorial logic that provide a

predetermluufﬁﬁﬁQEhn%a@Eﬂg%Eﬂﬁauﬁ i nput val ues (for CFG 202) or three

i nput values (for CFGs 204, 206). The CFGs are programmed with values to

provi de out pwy; | epge tive of esi-red logi¢c_function_, The D.flip flop

208 functi on;i:tl ¥ a&te%?‘r%tél%atr?e%?%rggg eeflear*?eqﬁc sﬁfé’ﬁcg aOf(r)etélllgt«?P. Ject
invention with locating and assembly members extending

therefrom for engagement with the base of the disk drive.

DETAILED DESCRIPTION OF THE INVENTION

Referring initially to Fig. 1, disk drive 10 is comprised
of a rotatable disk pack 11 having a plurali;y of rigid
or hard data storage disks"£§ supported on a common hub
9 for rotation in a countergibckwise direction. Merged
with disk pack 11 is an actuator 14 having a p1urality of
actuator arms 13. The actuator arms 13 extend over and
between adjacent disks 12 of the disk pack 11. Without
interfering with the movement and operation of the
actuator 14, an elastic shroud insert 16 extends around
and encompasses the disk pack 11 to the greatest extent
possible. The elastic shroud 16 is disposed in close
proximity to the periphery 44 of disks 12 and has only



Thi s cdhbi nation of one two input, one output CFG two three input one
output CFGs and a Dflip flop enable a variety of logic and arithnetic
functions to be perfornmed. For exanple, the elenments can be progranmed to
perform such functions as conparator functions or WO 96/ 35261
PCT/ US96/ 05964 12 accunul ator functions.
It should be noted that this conbination of elenents provides a fine
granularity without the addition of redundant el enents which add to the die
si ze and speed of processing. Furthernore, the conbination of elements also
maxi m zes usage of elenents thereby maxi m zi ng usage of die size space. The
fine granularity characteristic resultingin nore output points that can be
tapped is a desirable characteristic as often an internedi ate signal
generated by a particul ar conbination of elenents is needed. In
addition, the local .interconnect wwthin the cluster is structured to enabl e
signal s to bEDRBr BABIBRA FRPEFLRENPRER-IE BfEVePRe tRRUEREr edPERelPs, 1302,

204, 206, 208f the sweppeated tdraigh t r&tﬁ&@rtﬁn%a:tdzom;l ktbespbriPet 8Hgugh

| -Vb (referred to herein | | tlvel trix lines) which are oriented
horlzontalIys‘é{ﬁﬁpvéFFoéaslﬁg1 ﬁﬁﬁﬂb ¢ cluster. These

i ntraconnections of a cluster are progrannable t hr ough smﬁtches for

exanpl e swi t ghes. .ntgac W t ches
220n12)44 for mﬁama’t‘?. S reégrlroéld g %rewrgxig‘%{ assttlhdeé] Ibt&:xzpr tﬁé) u%t;trg

provi des conhstezbolki iy dSedigechdyelmre el zgige 205, 01'205611?@@)@ 1® and| east
one ot her el EHE”Ec% tt'&?c &'4“5%9{ éié%ete}fagi ena%TeffB& Pt Oéhfél‘g%q:@ 202

can be connected to e i nput ing swtches and 228.

To insure nlhnﬁﬁﬁﬂ§ﬁgﬁ§$ é@ﬁé?@dddEYnéhﬁrdﬁégﬁﬁn@ndséﬁkﬁhté7 r el

connections ghecRROMisdehdeinecicthecdr 14D firap &Qﬁeﬂ:nq’éd%ntm efs' nput
CFGs 204, 206, Cbntan|n% reference to Figure_2A, 86/35261
PCT/USQG/OSQ@ﬁSposed generally adjacent t® and counterclockwise from

the actuator 14 relative to the axis of rotation of the
disk pack 11.

For construction details of the shroud 16, reference is
now made to Fig. 2. Disk 12 is illustrated partially
surrounded by the elastic shroud 16. As will be evident,
whenever partial disk 12 rotates counterclockwise, the
air in close proximity to the surface 8 of disk 12 will
be pulled along by friction in the disk air interface and
create a reduction in pressure in the region indicated as
the inlet region 18. As disk 12 rotates and moves the
air about the axis of rotatlon, pressure will build in
some regions within the shrouded enclosure 23 and a
higher pressure region near the outlet area 20 will
result. This higher pressure causes an outward flow of
air generally as indicated by the arrows in outlet region
20.

To minimize the turbulence of the air being pulled into
or being expelled from the shroud 16 through inlet area
18 or outlet area 20:and to reduce the energy required,



13 switches 250-255 and connected |ines provide such connections. It has
been determ ned that the input and output of the three input CFGs 204, 206
of ten perform programmed functions in conjunction with the register 208.

For exanple the three input CFGs can be utilized with the register to
provide a one bit nultiplexing function. The bidirectional swtches
250- 255 can be programmed a variety of ways to route the signal to achieve
a specific function. For exanple, a signal output by CFG 204 can drive D
flip-flop 208 by enabling switch 251. Alternately, the signal may be driven
onto the I-Matrix by enabling swtch 250. Simlarly, the output of CFG 206
can drive the input of the Dflip-flop 2@38 by enabling switch 255. O her
routing paths by selectively enabling-switches are al so possible.
Furthernore, the output of the CFG 202 can drive the Dflip -flop 208 by .an
i ndirect connection through the I-Mtrix. Thus, extrene flexibility is

achi eved.  the shypad 6&%@1‘-8;&%@ barshared ghsfh & smeeth i icyrriesh

al so EfOQ;gg&&bhg;%%@gghpismiph@&zﬁ_a% aﬂdah 2f5§d %ageél\?/éaesLSI vqwh enabié ng
swkt ches and sel ectjve s s of. the trix, the.o

si gnal -can bgaﬁ&ﬁﬁﬁiQB iﬁ?so o?u¥% Eﬁ&nﬁﬁfﬁ 5? PhETS & %r Obr other
clusters. Thshmqm@dd(nn¢nmsm$eseBemumhehﬁznmmhmdtmhbmhghcehefmmﬁhehes

233-235 ad] agenl, &y, 19, TR R0L Ofod 0duh  £heg, 290 2242,200 243 adigeent to

CFG 206. Di e savings are a creasing usa e of
el enents in paekddVi @d. operational sEeeds 352Bhe edges 15 17 of the

PCT/ US96/ 059@hroua 16 are d:r.spcf1 ed as. closely a# possibifChol ¢
cluster is connectable to the ot | ogi ¢ clusters inside the Io |c bl ock

t hr ough smntéﬁ&§@§9ﬁﬂ%ﬁn§hﬁ%§IP¢QW*F§I%%t%§§n4ﬁﬁ%ﬁﬁﬁﬁlHQEEPG§P€P§

Figure 2B i | hsvlemin®s off e bethiitRrcaanectrher phaeementD ih@ulralb tole a
first logic cluster é&% selectlvelé connected to the I-Matrix |ines of

adj acent | og r¥PEETvel y through switches 264,
265, 266, 267, 275 and 276. The flexibility herein described is

partially acheexed d igugh LUl ayoeRhdiLofd 1o syt sed, It ves

al so noted preV| s can a‘varre y of
ways. For ‘exafipl ghet sbronideshearean 33e | tpiemmariial blockbge i ks awhi ch

idrte progr am@@gh&f@l‘c‘& E“gfh'&%cﬁ“s?nt Otﬂé’erl:ﬁfarémt ckhe R ¢ E)..b:esgure
ernately, the switch is assgate contr ed by a bit 1n an SRAM
gradlent w1th1n the shrouded area 23 and.partlcularly the
creation of a.pressure gradient along the disk 12 edges

44. As air is pulled in through the inlet region 18 and

moved counterclockwise with and by disks 12, the pressure

will tend to build because the actuator 14 partially

blocks and restricts the outlet region 20 and at least
partially occupies the region between the outlet region

20 and inlet region 18. With the pressure being highest

in -the general region immé%&ately upstream from the

outlet region 20, the pressure gradient will exist with

the lowest pressure at the inlet region 18.

Clearly the pressure at the inlet region 18 must be less
than the pressure in the region exterior to the shroud 16
and the pressure in the outlet area 20 generally must be
greater than the pressure exterior to the shroud 16,
resulting in the flow as indicated by the arrows.



array.” The state of the bits in the array dictate whether a correspondi ng
passgates are open or closed. Al though the SRAM i nplenentation is often
pref erabl e because of programmi ng ease, the die space required is
significantly nore. Therefore, one technique to mnimze the die size is to
use a fewer nunber of switches to provide interconnection between

i ndividual routing lines of the routing hierarchy described below. This is
referred to herein as parti al coverage structure. For exanple, in Figure
2A switches 221, 220 connect |-M) and I-Mb to the inputs of CFG 202. As
wi |l be described bel ow with respect to the present enbodi nent, partial
turn matrices are used to elimnate ap to 50% of the switches typically
used in a turn matri x. WD 96/ 35261

PCT/ US96/ 05964 : 15 To allow an -
efficient ipplenentation of a.carry chain_as Ll as .qther appljcations,
st agger ed og‘gﬁﬁr’:ﬁcépgc&ﬁﬁ’e(wi S'Frg'bét'vxégﬁ EPEQF&%Gi é‘su%géuls&ri &sed
I(:onnect: Vi t ynseirgede i2fo Iéu&blt'atte.mgt fﬁiaaetMMSBDlnimfthélecrl]isNaajﬂi)veNi thin a
ogi ¢ clustgr to.nei ghharin usters., For anple, switc 5 connects
N6 of of uBREF 2Bo {ATE MO SRt e Ty, R 760 SRR PPN ML of
cl uster 260ofoal ghBove crustana@@ie in the fomm wiala tsemifes wifehodmsect ed

| ogi ¢ cl ust ggs a. [ ogk. . ln_ r di | -0gi C
bl ock consi gpsféfq{“?gurlhlggggggg ggt E%aéggggigggg}lﬁggg%xf%grgﬁﬁa%igégc | ogi c
bl ock has al8ét ©6vBrd2BeprPvwadesr aucPRgtrahndngo awmasiyemen wapsi de t he
ogi ¢ cl ust BESr #5896 088 ARbAY: 68 IR th e TIPLPIAbRLE | Qflalnd @eehO | i nes

provide the path for signals to tr Into and out of the logic block to
t he routing2PBi-nesTHPsa HRREERY c &her odt $Hg SHHGIR t &Be ur@@TREAFHFUR i pl e

lfngt Bs of bmhﬁmq&ge@ﬁ kasxeé Iﬁlffﬁéeﬂhsbﬁlvsl@.ba afo tt!stgembsgérgbyarﬂa can

al SO e seen at e ocC coO ect or can _al SO _praQ connecti on anong .
The CRGs of SERBTI bhPcaBtietrs 1 DrReDESHONEBFIRE Ml inbhe: Sne KoPaERs

Al t hough t h&lj nphe ahgoadt p6t thenemeh beeirserotdednhol aheclokastiery of the

ogic blocksganybe sel eot it cannect edule 9achs bl agk LONNSGLOT o

control the expansi on on die sizZe 1 reférre at _each” 1 nput™and
output is seheoudydlby cbirslecpacktdla sgbuvetosf 1 ok dbshedrdve. 1An exanple

of such an gpRoqieH drgyshoyy %Ergbﬂﬂéetﬁ_@- top ed e Rof eERiBAgt 9 6Fi gure
3B, a synbolic representation of. one_enbodi nent of g{,he_ connections to bl ock
connect ors #PPRi n"CORHEERANIDY | ShEPRIN 16EadR R eI BICRAGH cFEOBE 200,

e.g., CFGl, p&hbfdmdtd to the peripheral edges 44 of disks 12. A
nominal shroud/disk gap typically would be something in
the order of 1.0-3.0 .

An alternative embodiment of the shroud 16 which provides
additional benefit is illustrated in cross-section in
Fig. 4. Fig. 4 shows flanges oxr ribs 30 extending
substantially normal to tlféﬁ‘?shroud 16 and projecting
radially inward into the inter-disk space 34 between
adjacent disks 12 of the disk pack 11. The shroud 16 and
the flanges 30 advantageously may be formed of an elastic
material, such as plastic, to prevent creation of hard
particles which may later damage the disk 12 and to
absorb any impact of the periphery 44 of disks 12 against
flanges 30 that might be caused by disk drive 10 either
being dropped or roughly mishandled. Mishandling or
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16 CFG3 is connected to two identified block connectors (BC) at the

i nputs. Two bl ock connectors are identified as coupled to the output of the
two input CFGL and three bl ock connectors are coupled to the output of the
three input CFGs (CF&X2, CFG3). The specific block connectors coupled to
each elenents are distributed anong the elenents of the block to maxim ze
connectivity. The bl ock connectors provide the input and out put
mechani sm for interconnecting to higher |evels of connections of the
routing hierarchy referred to as the multiple level architecture (MA)
routing network. The network consists of,multiple levels of routing lines
(e.g., MA-1, MA-2, MA-3, etc.) organized in a hierarchy wherein the

hi gher |l evel routing lines are a nultiple |onger than the | ower |evel -
routing lines. For exanple, MA-2 routing lines are twice as long as MA-1
routing |i nésoppdnm A£3di skt fiagvei ABsmayveresndts 48 foAgfasmpEAoR PEuUti ng

l'i nes. alsgfiacbﬁ@%atéfe hle@de CenBe ik d akaneswordpd SmHEhlthﬁ%d to
interface the ck connectors (BQ).to the MA rquting netwyrk and’t

adj acent bl 8ER3EFHHECt BPE $ROWR; M hEDR | DFROBFDH IRE qﬂhs}? ?as%o\?mjr F‘ﬁdFl gur e
4A, a bl ockhobnpecéDitiad tetos kbadonrexamnl eitiet- 408nti suavaneeted to

h bl ock f h b k 30Q., Fi 4B.i | t
onbodi mont S SSAAREAS bPERR: SORMBG PR BB TEERS, L2 S0 cBRREEL o to
vertical hﬂnprmaﬂlmpiltmmn angublmﬁtealuﬁheﬂ&byomes@ﬁmmﬁﬁmmtany a
vertical i ngSEeﬁﬁ.@QiCt%r §§61 ch;cpanesss th, hgphzogigh MA

routing
PCT/u396/05§§pects, the components shown in Fig.1%4 are idenhiché &abodi nent

shown in Fi gHpge4Bi 1LBe ARlkeek jeomert o,

Further illustrated is a:mounting arrangement whereby the
shroud 16 is positioned by inserting ﬁrojéctions 38 into
holes 40 which are formed into the bage 26. More detail
of projections 38 may be seen in Fig. 6. :

Referring now to Figs. 5 and 6, the elastic shroud 16 is
illustrated in planar or form having an aperture 36
formed into the shroud 16'material. Inserted and mounted
within aperture 36 is a tﬁin filter pad 37 which may
utilize either a matted fibrous material or similar
particle filtering matexrial that will trap and collect
contaminates and foreign partlcles, while simultaneously

o B,

permitting the airflow to pass

As can be seen from Figs. 5 and 6, the filter 37 will be
located approximately opposite from the inlet/outlet
regions 18, 20 as the shrouding 16 is formed and
installed in the disk drive 10 and will facilitate the
air flow from within the shroud 16 to the exterior of the
shrouded region 23.



(BC) 'tab network 401 of a first logic block includes a plurality of
programmabl € swi tches 432-437. These bidirectional switches enable the

sel ective routing of signals to and fromthe |ogic block through BC |line
438. Also included in the network 401 are two progranmabl e drivers 439 and
440. In the present enbodi nent, these drivers 439, 440 are controlled by
the state of the two bits 441, 442; however, it is readily apparent that
one control bit can be used in place of the two control bits wherein the
driver, e.g., driver 440 is active when the bit is in one state and the
second driver, e.g., driver 439 is active when the bit is in the second
state. In addition, it is readily apparent that BC tab networks can al so be
i npl enented to performthe functionalit93described herei n using as single
or nmultiple drivers in conjunction with other el enents. The BC tab
connector network provides a sinple but efficient way to route the signals
to and from Em%gioélml@a&nwmfo%ﬁ fadsgranpaptareniltc ka3 zhe Hd ldiggnal to

or fromthe BhogkthhtreygBcBGo!ile Yl diwiN oY@ TaRNA L AliAfk i e BC
tab networ k %8% of. an _adjacent | ogic blogck._ _ In the present illustration
r

t he signal e PR3 Fen @R Eh6 uRELWPRERA4FY cHRehPTESSUE® t 0 BC

line 443 thr puglfilswvichi454heTERr6adedsteyebntIRl @ SHGNELd 2R 415
fromBC |inegy; n_be sel ectivyely rout t hr.ough

8 jthrough switch 432,-.ca e
driver 456 aﬁgit olj; BRratt Ry ﬁfﬁa%%’w(ﬁlﬁ%%u%? PHQ\%‘F&& i Fgﬁe§1$47-450.
For exanpl emasisepBCgralssest abokE, thegdisB@dab M01 ok 4A@Zniande of

| nter connect eelel grMuhe 26y pdfi N AR 6L ofhP5,423, 425, And

WD 96/ 35261
18 427. ThuBaYi flagdusiten due provibengoaidicacofr dilte ngcheahani smmso

adj acent | ogig,blsgHete the Bhel @k SRERNK PI ONHHES tRRR! f{é?ﬁ%@; PRk for

routing a siggal to MLAs through thetab connector networ an adj acent
| ogi ¢ bl ock. “FAFE mitt zeBet hel ¥R HEPRFIce WHETR ockBBe HATISRRERSSABI €

routing patheonBaktexaly @oirtiald eropi€ipat Bodhe il vt dpdekB2EgN
switch 452 aagtﬁ%ht%ﬁpﬁéﬁséﬁpknterﬁﬁP”ECt bl ock connectors 438 and 443.

Thus, it can be See exibility in routing, as well as
efficiency in routing, can be achigeved utilizing these BC tab networks. An

addi tional agMank3geehd ng Q{rﬁrtﬁﬂ?@djs i Se apEN! %l%i}to"érgefi result selBohi ghtly
| oaded |ines and therefore no signal speed.pena_ﬁé_ls redl| zed even t hough
Touting flexVBRERt the oxkssvee ef RhpraizB withiBC the) sémemdk &6n be

used to provéfleeadsi gRal afidh e AR ke iSO Sh-bLA! ggMA
| i nes by set*$ng thf appropriate_ switches, e.g,, 434, 435, 436, 437/,
wi t hout i ncuf FERGVELYnaRSepR AR pingl ¢ kO 19pteiae £ 1oYW #3BACEACR #BE out

arrangenment .will positively trap any air entrained particles as the
air is pumped or pushed through the filter 37. If only
minimal £iltering is desired, the filter 37 may be
positioned closer to the inlet region 18 or may be
disposed'cloéer to the outlet region 20 foxr higher volume
filtration. Also as desiredfﬁg chemical filter could be
used in the aperture 36 to remove contaminate gases which
may adversely react with the disk surface 8 materials.
Alternatively, a combined chemical/particle filter may be
substituted. | )

The preferred embodiment of the invention incorporates
filtering of the air flow in an inside-to-outside flow
path. This flow direction is preferred since the pumping



I n one” enbodi ment such as illustrated in Figure 5, each BCline is
programmabl y connected through a BC tab network to an adjacent BC tab
network and to the routing lines of the MLA network. This provides extrene
flexibility in routing. The MA routing network in the present enbodi nent
is described having a.plurality of levels of routing lines with a
programuabl e switch matrix sel ectively coupling horizontal and vertical MA
| ines to enhance connectivity. The level 1 MLA routing |lines (MA-1)

provi de interconnections between several sets of block connectors.
Programmabl e switches are used to provide users with the capability of

sel ecting the bl ock connectors to be 14 WO 96/ 35261

PCT/ US96/ 05964 19 connected. Thus, a
first logic block frromone set of logic block groups is connectable to a
second | ogi ¢ block belonging to the sane group wherein a |ogic block group

is a set of dSd® WhHckde TRtawipghdsd sknikach - éﬂ(ﬁﬁ%a%ﬁ%cPQ§$¥l
course, be b:retswreoréiﬁrﬁra@hﬁ Of6PUE £1 £ 8Lingl UNAl neyhiklivet Bes@aire bl ock.
The | evel A rquting lines (MA-2) rOV|de |n§erconnect|0ns t?“%arlous
MLA- 2 Ilnesfﬂ Lerds & cfE%%%a%%ﬂt t?B%%tﬁﬁ YpPOSR HPHEr Fifhi ch
consi st s of fad l4et mlartard 38 oﬂqsselﬂibthlee pirient edgbkodbnett shdwhidhes are
provi ded to.ena the user ro e des n S. T e span
of the Ievell% %L%feverﬁes%%s ppé)ee#)lecg%?gha&a%fo&fﬁgr 3‘%%&@%%&%?‘@ Jsgpan of
the MLA-2 | ithes. thedr rmahméeposhe1NEA§stsuﬁeeﬁkqm;ef@habbpﬂnﬂunethe
span of an Meé :lu]e' niellil'.erln tr%?% gzeefs {?BS_igt' @l S (ﬂc MLA
?ed rovi de

routing |ines can be i prqg& e |n erconnecti ons
for |arger ﬁ@mﬂbe@da@ﬂowwsse@ eapldeks ®ckotrgdear sof bitdek

sectors (WhiggRisS 13N PR IBIVd Xy Ghurh OGkS) a1t Ehrgéﬁﬂ eﬁal Eianal: level

spans a distance a factor greater (such_as a multip

reater) t han
the adj acen®S| REFSTeXR| PGS alenyt the RFRFHHES %&@d@é’%‘f or T
i mpl enent i ngviegutiidigd dviamdrss mﬁoemgreuéeﬁmﬁeagsu thiehin

i nt erconnections_of | ogi,c. bl ock., These nal s ccessed through
bl ock conne }1&5 %?f‘agfﬁ% Iégrregpoﬂ’(ﬁ%’éfb?‘gc% ﬁgé‘?ort % g‘?\% ¥ and
rout ed accordiraggemenite pongumeuedesmeﬂthaElyTh&:madﬂemmmnébtepamab

outing | | negtond ChETERI a8 10" ko pRCeh L Bk PEREY nRRHEL A, )

hi gher | evelfd 1sexy &sbei p,gr| hp,gsalready been expended in rotatlng the

disk pack and building the pressure gradient.

The shrouded disk pack *ll in drive 10 of the present
invention provides several advantages not realized in
high speed disk drives. A significant advantage is that
the insertable shroud 16 provides a reduction in the
required torque necessary to turn and maintain the disk
pack 11 at operational speeds because of the reduction in
the amount of turbulent air flow experienced by the 'dlsk
surfaces 8. The shroud 16 tends to contain the air
within the shrouded region 23 except at the outlet region
20, filter 37 and aperture 236. With reduced airx
turbulence, the torque required to rotate the disks 12 is
significantly reduced allowing the concomitant reduction
in drive motor size and heat buildoup within the disk
drive 10. '
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20 of the hierarchy can be reached through the I ower |evels of the

hi erarchy through progranmmbl e switches | ocated between |evels of routing

|l i nes of the hierarchy. - Fi gures 6A and 6B disclose an alternate

enbodi nent in which each BC tab network is connected to a set of the

routing lines of multiple levels of routing lines. An adjacent BC tab

network is connected to another 'set. In the present invention the nunber of

lines in each set is the sanme as the nunber of MLA lines of a |level which

is not divided into sets. The resultant effect is the doubling of the

nunmber of routing |ines and hence increased connectivity. However, the sets

can also include fewer or additional lines in order to achieve the desired

| evel of connectivity. Signals are programmably routable between BC
ed_l evel of connectivity. For exanple,

tab netmorksﬁﬂ%éﬁﬁnev the.deflg Vit )

Figure 6A il UstFates %b?a%’e‘ﬂ? hbtEdoRFERNBEMERE HELMIZOI6 0,1 65,3 BC

net wor k 600 s awesyrmomaddy ttonagchedded drf itisd 8e5xOH WA %léé.i%&ﬁ]'&

Simlarly, tBﬁf%%é?“ﬁEmfﬁ:éaB n&g rk 605 is progranmmably connected to a

second set of MA-Z ITnes 820-Y| 1€ FRA GGt ©xGAPF BXadREi natiifdh on BC

line 627, is¥esusticsutdue t boatbegsiiroudiagofl M 2thaupheBuaehyd G BC t ab

network 605, thie ghgnal; capnbergQuted fr C tab ngtwork 600 tq BC tab’

net wor k 605 tm?%ugh sw T ch %31‘fﬁ§hr‘%ﬁgg’{1 ?%]6:% i?i 'ngif‘eﬁfei \)"éjrf%ss&%n& switch

632 to progr HMESIREEnFerdueed Mandentye 0621 rSiup | andyenkiaansiagral

ori gi nati ng &Bdmtd oklaaCkeoriiRchi£6i bR BRat s Lo be.routed to

MLA-3 635, t gtﬁL%p%h ia.rgyted Via BC ﬁQfﬁ%&M%ﬁé{ﬁgééz%iy &xi'st

PCT/ US96/ 059 - € disk drive 10; and by redpgingabhast morkpéed,t hr ough

switch 633, theveosS3Biliwt ahdb8fobabifty SBandife B R RALMY Ko

therefore fuggLi ééi&p%ﬁgéde incrﬁgﬁﬁg}oon ectivity inalimted

connectivity strycture” The Beefab AHWRs P¥oVSHiEE 1 hingédrgher to

i ni ni ze | oa@PhgidrdainxEdpwediirgnalionpebdohyhselizeking 7t e hesbsihA | i nes

to route a sgpgna , th&fe O e IS cessihle rough an adj acent

Be t ob conneo8le neﬁgtvmﬁrk. e. bk e Mhébn 55858 Bl LAL dbfent
pressure outside the shroud 16, ,filtering is more
reliable and the movement of any air entrained

contaminants or foreign particles is noticeably more
effective. .

With flanges or ribs 30 as illustrated in Fig. 4 provided
for shock damage mitigation, it is very advantageous to
combine the shock damage mitigation, filtering, and
enhanced assembly aspects of the device into a single
part of the disk drive 10. The elastic nature of shroud
16 both permits the assembl"f;‘? of the shroud 16 of Figs.
4 and 6 having flanges 30 by progressively wrapping the
shroud 16 about the exterior of the disk pack 11 as well
as permits the insertion of the shroud 16 or projections
38 into the groove 32 or mounting holes 40 formed into
the base 26. A permanently mounted shroud 16 having
similar flanges 30 effectively would prevent positioning
of the pre-assembled disk pack 11 into the disk drive 10.



i &ddition, loading is mininmized. In particular, the BC tab connector
network and a partial turn matrix reduces |loading up to 50% resulting in
significant inprovenents of signal speed. In the present

enbodi nent, the first three levels of the routing hierarchy, MA-1, MA-2
and MLA-3, are used to interconnect a 8x8 block matrix, wherein each bl ock
is formed of four logic clusters. Each block is progranmably connected to
a MLAtab line via the BC tab connector network. Each MLA tab line is
programuably connected to a M.A tab connector network which functions in a
manner simlar to the BC tab network &6 route signals to and from hi gher

| evel routing |ines. As the nunber of CFGs on the chip increases,
addi ti onal i nterconnect is needed. In the present architecture, it is
desirable to add to the levels of the routing hierarchy to maintain .
routability of signals, At each higher |evel of .the hierarchy, .there is an
i ncrease inTthélPSﬁﬁtﬁlﬁﬁtﬁﬁesPE nésfFﬁﬁlPﬁEtFSNéPrP¥VEPer%&9Fﬁ§ li nes.

In order to7dshdefignges 30 gned denildiwt ldecupy §acy gnahiel ithers are
needed.  TooBLR WA Gachhseh BhilSRlZ obla' B EISLLES LG LRt the
PCT/ US96/ 058Béreby would not increase the volumetrdzZ relquinrgnentdy ofers t hat
drive the | el LQuisi | i.ne rackerlstic in: the highe s_of the
routing hi e?grgc 31/.ERI #rgg&l tﬁ%or?%ta%i “sé%ér e%éé‘?%b%%hg?hgﬁeﬁgégéﬁ e&fure be
scal abl e t oephanrdd apeshitdog wnviexingreme dfemi et diskcpankdaleandcr easi ng
densities of-kQgkgrChiacuits on a chip and the connectivity required and to
mnimze engineering efforts associated with | arge nunber of parts.
Therefore, it has been found that after a first nunber of |evels of the

hi erarchy, otheié&fdaei1nble die Brevidei1apeMbintial cRRRCGOALFNEEWRbKS! O
enable scalability, as well as to provlde.5|%nal_d iving functions for the
6 B

| onger, hi gHig¥ Pevede o J§Gtednvention wi BMEVEREn tBRi t ches
are pr e}‘ er abliykp&m’tivéﬁﬁrbm cﬁ:tmfidw. Stlec@dotad Yothothe oappendbd bnaeﬁsand
vertical M, ipes. _Thi.s.is jllustrated.in Figure 7A. Figure 7A _shows a
turn matri x%lcch Re alﬁl&gﬁd@ﬁi t EPn ‘#e’?%? Kk PEPPE; gcﬁ 1 estgflsan M.A-1
i nt er connecihwgntdon.l ogi ¢ bl ocks 712,714,716 and 718. The turn network 710
is controlled by a plurality of turn-bits which control whether a
particular intersection of a horizontal MAline, e.g., line 720, and a

vertical MA Fiﬂé?=e.g., 722, are connected such that the signal nay be
routed between the horizontal 720 and vertical 722 MLA line. Figure

-



7A% s rEpresentative of a turn matrix that is used to interconnect MA- 1

routing lines. This turn matrix 710 provi des conpl ete coverage, i.e., each
horizontal M.A-1 line is programmably connected to each vertical MA-1
line. — " Conplete turn nmatrices can also be utilized for the higher

S 2 e 0 oL s

enmbodisnment the* ndnmbér of lines at each level has multiple sets of
routing lines. To save on di e space by decreasing t he nunber of sw tches
needed to formthe turn matrix, artlaL urn matrices are used. Figure 7B
is illustrative of partial turn matric % of turn network 710 for M.A-2 and
M.A-3 lines within a 2x2 matrix of |ogic blocks. As noted earlier, the die
savi ngs achieved by mnimzing the size of the turn matrices nore than
of fsets "any decrease.in connectivity. Furthernore, any decrease in
connectivity is also offset by the cdped$ty of routing signals through
t he bl ock connector tab netmorks 410, 420, 430, 440, 450, 460, 470, 480 to

ot her routing |ings t hierarchy as illustrated in Figure
6A and Figure 6Bq£ aifh EE i gar e %%; g?ldes an enbodi ment of the partial

turn matrices utilized to |nterconnect M_LA-2 and MLA-3 routing lines in a

4x4 matrix conposedepimd; 2x2 matriceg;:0f 1 ogic blocks . It should be noted
that the location of the jndividual switches in the partial turn matrices
are arranged to FaPlWELHy ofagesardabiel data stropageidisks maunted

desi rabl e t Hair thecSeien nﬁ@b&twé gy Eah&sfﬁéﬁe' ocated on each line.to
mai ntain a constant | oad on each |ine. t he resent enbodi nent thls is

acconpl i shed by 5?1e?ﬁ%??ﬁﬁrtW@uﬁFﬁﬁoﬁqﬁnﬁﬂ£ﬁ%ﬁ°4héebé?%Vﬁltpuﬁﬁlmhtrlces
such as is divame iandifur esddhning movembhe raNAYalkYeor eutiigng ihyxer ar chy

consisting of th o) nes | ock_connector fab networks _and turn
matri ces, perni tgargnéggfl%%%a??v @gﬁgcecosom YYof PPEACLBLEE WHith zed on

a seni conduéPéd dadms. tarantboed| $aidfditle andhsatat ueeuardrt he innovative
floor plan an elastic shroud member disposed within said
énclosing member and substantially enclosing said; data
storage disks and insertable into said disposition after
said data storage disk and said actuator have been
merged;
said shroud comprising a filter disposed in an
opening extending through said shroud.

2. The disk drive of claim 1 wherein said shroud
member comprises a flanged inlet/outlet region
accommodating Said actuator.

3. The disk drive of claim 2 wherein said filter is
disposed in said shroud at a location which is more than
one third of the circumferential distance around said
shroud from said inlet/outlet region in the direction of
said disk'rotation.

This Sheet Has Been R
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WO 96/ 35261 PCT/ US96/ 05964

24 discussed herein can be seen particularly in an SRAM i npl enent ati on.

Ext ensi ve die savings is realized by grouping nmenory into |arge, contiguous
bl ocks. This is quite different fromprior art floor plans which integrate
| ogi ¢ and-mempry-resulting.in significant wasted space, often referred to

s layout dead space. In addition, this floor plan includes a scal able

a
bl ock ar ﬂ"g ! "ﬂ h each bl ock includes a plurality of contiguous
menory a Intra-cluster routing lines and bidirectional
routing lines are overlayed on differeyf layers over the nmenory and

passgate arrays to provide connections to higher level routing |Iines and

connections between CFGs in the block. Each nenory and passgate array
i ncl udes the SRAM and passgates to control the progranmmabl e sw tches .

d bed ab he. fl. I f 19l € bl,ock I I bI t
qener are fhcby CpiEHe 87 38 A B el oo dieRe i SERE $IERA LS 1°
enpoqlnent dnspobaﬁtihxsﬁi&ﬂmmknlm@chndbm;dwnhrm@ﬁIane&.ammatuan
s nar SRRl AL & | Gl SO e L5, a0k Ba o) AL GedEPIL L0101

and abut nment © nnovative floor an w be
descri bed wH#ﬁ&%ﬁ@er@é@bﬁe t$i@nbdiondt vwhidwn i rﬁ@@ur@s:mm 8B.
One enbodi mggdmpd,-. the floor plan fgr.a logic block is shown in Figure 8A
Each | ogic cluster 800 includes the el enents or the CFGs of the cluster
820 and the I-Matrix which is formed of the I-Matrix |ines 841-846 and

the  nenorys; and TS siadle Bfihdy oBB3@18hkCh wRateohssdbe siet@ed in\é?nber
connecti ons en the |-Matrix Jines and J/O Ilines 801-811 of t CFGs

coupled to t WPLESeRA LI RIS one WiEamde & Wi Jgi‘d}ar
WO 96/35261fr0m.sa1d shroud to a dlstance.suffEEEéhE9ﬁbQﬁQ@értlally

25 forned a S d array .are | Me t
adj acent r&néﬁ%b agggg?é %E %§ OP e§eF§§ ngl ng%?F e 1- Mat ri x

| ines 841-846 of a cluster to the I-Matrix of an adjacent cluster.

Sel ectively é:.OUpl'ﬁgetQJ.Eﬂe&J r}i§ 88 28ACh Ghusier, 820;ar e bhe Alpck

connectors which incl ude tfie b connectors lines 861-868 (vertical block
connect or s rﬁﬂl%hmlﬂﬁl%rmrof e3rhp| $PTRALF8N TIETMGureRIBMinghd t he

menory and pASSGRiEs FIRHoEI (WGl 6Bl hel8ihBesaid shroud therein.

7. A disk drive comprising:

a disk pack:;

an actuator;

a housing supporting and enclosing said disk pack
and said actuator; and

a shroud, in cooperation with said housing,
substantially enc1051ng sald dlSk pack;

said hou51ng comprlslnq~means for mounting said
shroud, said means for mounting comprising means for
engaging opposed edges of said shroud,

whereby said shroud may be inserted into said
housing after assembly.of said actuator and said disk
pack,

thereby permitting more complete enclosure of said
disk pack and simpiified assembly of said disk drive.

This Sheet Has Been Replace:
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rout i ung;"o” mlgmmﬂlmm the el enments of the cluster and the bl ock
connect or ”ﬁmhl s floor plan is best realized by using a logic
desi gn t hat neet's " hé following criteria. Each bl ock provides for
bidirectional input/output access in |ess than all possible directions
(i.e., north, south, east and west) or "sides" of a block. In the present
enbodi nent each bl ock provides bl ock connector tab networks on two sides
of the block, one in a horizontal direction and one in a vertical
direction. The block connector tab networks, which are preferably replicas
of - each other, are oriented mrror to each other along respective axis in
a 2x2 array. This can be visualized by Aé&ferring back to Figure 7C.
Referring to Figure 7C, and in particular the orientation of the bl ock
connector tab networks, 410 is a mrror inmge of 450, 460 is a mrror

i mge of 48Q, 44 i mge_of 430 apd is a myrror imge of
450. b Co?ﬁtf?lu?irhf gEf"gﬁc ’Focl'—lladﬂﬂeg Célh%ﬁ%lﬁl r$rE nFB=OYskr f or ned
such t hat tmmthgwEﬁmmﬁtfssmntches i.e., switches that connect

WO 96/ 35261 PCT, 5964

26 elenments to | rfva?‘?le];(u??nthermnt ceﬁ{ets?ntdﬁa cé}#ﬁcglg 1Qe?gl ntsglrgfudtl usters
to bl ock commettrfiltes, aa@dswi tches that provide the |-Mtrix extensions,
correspondi ng to &ach Ahagd: aaepeéead&@cgaéehgﬂre%iéx@ogaﬁ %Ererfo‘% anbe

seen in Figure 8A, a 2x2 matrix can be_designed to have nenory ‘passgat e

arrays 830, P@&G‘%&F%@Wﬁﬂ%ﬁﬁ%wﬁh&nc%ﬁ@g’ﬂ‘éﬁ%‘l@?@cﬁ(l%# Qﬁcﬁbr‘:@ 855. In
addi tion toanmzddic neut Syt seadsepaes. thhbsgh! 825 apkamosignpl i fies

manuf acture as the majority of the die consists of nenory arrays with small
secti.ons of logic (e.g., logic cluster 820). Furthernore, by providing
groupi ngs 0B .nen@he adiaks, dtheeprafr amaling of wiereinp saisi pplichiced as

sinple XY S n An_addi |onI benefit taq the
fl oor plan ?%g‘{p%%ié%%e&gr réﬁﬁgﬁénf‘om]edb?agc ena# ERADI & lh é’fl%ecti ve
way to enabkadasiterein Isadckends fobmar eutwardﬂ;g pesmaccta'sxgwifﬂhngtesaddl ng on

significantly to the nunber of. |ines or additional bits. Fi gure
8B continues the illustration of the innovative fl oor EI an by show ng the
|l ayout for &02x2 HieddskEseive 6dk claiiawd vhergary sasdds §langeseformt 860)

includes a pl Wbbtly ehrkbeaClkdiffdtich of said shroud extending
outwardly from said disk pack.

11. The disk drive of claim 8 wherein said filter is
disposed at a location where internal air pressure within
said shroud exceeds air pressure external to said shroud.

12. The disk drive of claim 7 wherein said shroud
further comprises at least one said inwardly extending
flange disposed intermediate™the outer regions of said
disks, whereby excursions of said disks are limited by

éngagement with said inwardly extending flange.

13. The disk drive of claim 12 wherein adjacent disks of
said disk pack form interdisk spaces and one said
inwardly extending -flange is disposed within each said
interdisk space, Ehereby limiting excursions of said
disks: :

This Sheet
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BCO- BC7: The floor plan of each block 860 is that described in Figure 8A
As descCribed—previously, the bl ock connector |ines inside each 860 are

coupl ed b ock connector tab networks which provide connections to

‘adj acenlh’m ‘n’s; il ”ﬂ!’ i gher level routing lines of the routing

hi er ar chy/. " VEYABRY Jﬁﬂgssgate arrays 880 represent the swtches for the
bl ock connector tab’networks. The driver |ogic 882, WO 96/ 35261
PCT/ US96/ 05964 27 which includes the

drivers located in the block connector tab networks, is separate fromthe
menory and requires_a small portion of the die. The turn matrix 884 is al so
conposed of a nenory and passgate arrayg The M.A |ines, not shown, are
preferably oriented in a parallel |ayer over nmenory and passgate arrays 880
and 884 to provide a sinple neans to control connectivity. Thi s i
floor plan is scalable by replication of the arrangenent shown in Figure
8B. As not ed ¥r-eviBel ¢iskodeiwe, afo qliatimilde whvedeing saithéillitees is t he
present enmbodigapits dptotiSesmpasthal sigppsmatrices, it is preferred that
the partial turn matrices alternate 1n orirentation such as is shown in
Figure 7C. Once a 4X4 block matrix floor plan is realized, the realization
of larger matrices is achieved by replication of the 4x4 matrix and the
abutment of the routing lines and bl ock connectors of adjacent matrices.
The advantages to such a floor plan iS apparent to one skilled in_ the art.
Enhanced usage of die space is achieved. In addition, scalability is
easily achieved by replication of the layout for the logic blocks which
allows for easy proliferation of varying sizes of devices to be built-with
m ni mum engi neering efforts. WD 96/ 35261

PTC/ US96/ 05964 28
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CLAI Vs ° What is clained is: 1. A bl ock connector tab network
for interfacing a first logic block to at | east one second- | ogic bl ock

t hrough bidirectional routing lines, said first logic block conprising a
plurality of programmabl e interconnected configurable function generators
(CFGs) for performng functions on signals, said block connector tab

net wor k conpri si ng: a first bidi@adctional input/output |ine, at

| east one CFG of the first |ogic block programably coupled to the first

bi di rectional input/output |ine; a first progranmable switch coupl ed
to-the first bidirectional i nput/out put |ine; a first block

connector tab line coupled to the first programmable swtch and a first
bidirectional input/output line of the second logic block to provide a

pr ogr ammbEEAsm QNBER’T SarorAY TG PROVIDE MASIMEM ERFECTIVRKHROUDING | ne

of the first logic block and the first bidirectional input/output |ine of
the second | oGHOCKIAFTIGATION AND!EILTERINGAN FRGHNSPEEDDBKTDRICESW t ches

coupled to the bidirectional routing |ines; a first progranmabl e
driver coupled to the bidirectional |nput/output line and the plurality
of second progranmabl e sw tches, said first programrmable driver

progr aneBSTRACTVi ng a si gnal WO 96/ 35261

PCT/ US96/ 05964 29 received across the

bi directional i nput/out put line to the plurality of second progranmmabl e
d.to, the bjdirectional

put / out put A SABTIRGASHE SOH LD SHROusL Ak FROk ik P einia b d ek ke
oo zﬁefa@e"gﬁ%@«?wn S TP L B SPuR R herhEhE ttad
bi di r ect] aﬂ nghrtairpf ﬁ!t%rc '\i{l’n&ﬂ né}%tmts the passage%‘f air f-rr&ﬁ »9 Ittﬁﬁ Iﬁlecﬁ{}&?&etd ncfo%r?re

net wor k as ‘se
to the outside. The filter (37) is disposed in a region wherein a positive pressure exists. The

shroud (16) further can be provided with flanges or ribs (30) which will engage the periphery
of deflected disks (12) to eliminate disk-to-disk contact, thereby reducing damage to the disk
drive mechanisms and the disks proper. The shroud (16), the design and placement of the
filter (37), as well as the inlet and outlet shapes of the shroud (16), each contribute therefore

to reduce energy consumption and temperature rises within the disk drive (10).

Fig. 4

oo i,
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. fut¥her-conprising a third programmabl e switch coupl ed between the
-bidirectional input/output Iine and the. first progranmmable driver and
secofd programmuabl e driver. 3. The bl ock connector tab network
as set forth in claim2, further conprising a second bl ock connector tab
line originating from the block connetf{®r tab network of the second | ogic
bl ock, said second block connector tab |ine progranmably couplgp tp the
bi di rectional input/output |ine. 4.1g The bl ock conn&ctor tab
network as set forth in claim1l, wher ei neach first progranmuable sw tch
and second programrabl e swi t ciés conprkzége; nonM?IatiIe swi t chi ng

el ement . 5. The bl ogk conneftor tab network as set forth in

claim1l, wherei n each f M 1ch and secﬂ pr ogr amabl e
WD 96/ 35261 -
30 switches is programmuablie accegrz S red in a
nmenory. 6. T bllock /ze&fmect or t aRznet 3 rth in claim

u,.’ driv@r is P og

]6 menory amnd t he
St ate of a sd

R aqo
second pr Agr a4 -

ding to a

ble driver is
nory.

wherein the
of a first
grammabl e

1, wherein the first progra
state of a first bit storgés
programmabl e according to §
7. - The bl ock connector t4
first programmabl e driver il$
bit stored in nenory and tHhé

according to a conpl enent qgf 1 8. A
| ogi ¢ devi ce conpri sing: 'Eb% | ogi c
bl ock conprising a plurali honffdarable

function

14




N
=

generators (CFGs) for perform ng functions on signals; a first set
‘of sbidirectional routing lines oriented in a first direction and second
set of bidirectional routing lines orjented in a second direction for
coupling the plurality of logic bloc : a plurality of block

connector tab networks for interféack @ach | ogi c blgrggof;Bhe plurality
of logic blocks to the first eeL/of;ﬂ WO 96/ 1
PCT/ US96/ 05964 31 bidirectional routing

li nes, ea . DORECNO SNOANL A QRN SN a first
bi directi j&\Tlg- 70 e -.““i =0 s ?glc bl ock of the
plurality of LGN o éﬂogranpaﬁT@ od o tThe first

Apppgrality of first
first set off 2bi di r ect i onal

st™\progranmmabl e driter/ coupled to the
mfflﬂﬂlﬂﬁld'ﬂﬂlflﬁ i

bidirection ian\/o, ] is
progr amabl € swi t g e"@pupled t08
routing |ines,

bi di recti onal AV first
progrannable16,/” drivew programmably

riving ~'9”a‘nnzzanzazazz&aﬁauwantauziauiO”a' i nput/out put |ine
to plur: i gs, and {1 a
second progr G dr|ver coupled to t he b|d|rect|onal i nput / out put
l'i ne and u “ Rwi t ches, said second
mmmmm Bl U Rt o\l 7 e veu v

of tches to the

b|d|rect|onal |nput/output I|ne .qd a turn matri x conpri sing

a pIuraIitymgg third progranmabl e swi t ches, 28ach switch programmably
coupl ed bet n arouting line of the first set of routing | i nes- and a
routing line of the second set of routing Ilnz 9zt The | ogi c
device as set forth in claim8, further sing a second | oc
connector tab line originating as the fi

ANNNN \\\\\\\\\\\\\\\\\\\\3

§G///Z/////8/Z///7///§
15/$ ™~
38 g = f
5\> VAV VAV VAV
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e FIG. 5
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WO 96/ 35’261’ i Dese r:p?sc, P paged LA o ony s PCT/ US96/ 05954; bi-gek:corpect or "t ab
line fromtﬂtﬁéfm}:ﬁ@g conﬁe&t af tap network of the'agfacent.. Iogl c bl gck, . sai, c;
second bl ocfk FCoARRGLor. Nt«a,l} Ti ne progranﬁabl y coupl ed to. fhe b1 di. re,qt | onal
i nput / out pUtlAMBect  : mageq L10- .. “LHE. 1'ogis¢ device :as set_-f,_o-rth im,clhaj
wherein the, first. Set- Qf bl di'v €cti ohal - r put i ng |ines:- are,prl ent et _
per pendi cul* lar-—t6-the-second set:of - -bi-di-rectional frouting™1inego= v bagud ..
11. The tpially ®varopimsethe pumping antioh of mecdommng&lskf[imkher corrprl si ng ?
plurality of the bl ock connector tab networks fof.Xinterfac ‘% ‘Bhe /{é‘fg}c |
bl ock of "t he byRigadly; pyrlas th%g}aeuﬁw@&lns ang assembleebig disedrive, BE diskepackonal

routing

wher el 1 AR ik i AREE A FapRMARL Iy Merdif Ave dapfopt dwsne and then the |

I d he f tion
oo R Wi e RS el B b e et oL e
to the s ﬁH 1cal shroud o?fcﬁﬂfs El sﬂ% ﬁn?f)leﬁgﬂer? F Scll%lpbzgckr @?t ' Ona{)ly of

| nput / out adj acen

progra a

nput / B”J?Ett ‘SF.PSS“ 5""‘)‘*”@““*‘ﬁé o e Btk 450t Brghid 8 o okl rst*%?‘zéw e
| nput / outdik packngreSdnts a fonmdaBlB RbeELRAB tElidbM hfid BIfRSAt assembly. Obvu%‘@ly,
96/ 35261 PCT/ US96/ 05964

33 assebly Tofe theo getnatde dndethesdisietpatiorwithouwo the asbirdction B e slirofaci
first programmbl e swi tch, second programuable switches and third
programm?gmﬁmlyam scmpbrandﬁﬁcaerituse 14. The logic device as

set forth in claim12, wherein each
The size and mass of the disks may be such that impact forces on the disk drive

cause deformation of the disks or the support structure of the disk pack, possibly
resulting in contact between adjacent disks. This contact can cause damage to the disk
surfaces and geﬁerate undesirable particulate material which could damage the disks.

18] E ON

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

Accordil_lg to one aspect of the present invention, there is provided a disk drive
comprising: a -frame; a plurality of recordable data storage disks spatially fixed and
mounted for fotation relative to said frame; an actuator mounted for rotation relative to
said frame and for scanning movement relative to said disk; an enclosing member
cooperatively associated with said frame to enclose said disk and said actuator; an elastic
shroud member disposed within said enclosing member and substantially encircling said
data storage disks and insertable into said disposition after said data storage disks and
said actuator have been merged; said shroud comprising a filter disposed in an opening
radially extending through said shroud.

According to another aspect of the present invention, there is provided a disk drive
comprising: a disk pack; an actuator; a housing supporting and enclosing said disk pack

and sa1d actuator and a separate elastic shroud substantially encircling said disk pack;

This Sheet Has Been Replac This is the replacement sheet
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first programmable switch, second programmble switches and third

progr anmmabl e switches is programmabl e according to a state of a bit stored
in a nenory. 15. The logic device as set forth in claimS8,
wherein the turn matrix is a partial tursm matrix selectively coupling a
portion of the routing lines of the first set of routing lines and a
portion of the routing Iines of the second set of routing |ines.

16.  The Spidghousing, cempesing eednsr foy mauuting said, shyguds esrid mieang dom mramting i s
a full coverage turn ma%tri x sel ectively coupling each routing |line of the
first set CBF‘P%é%i‘HWi AEgecelyng apgd F@&a@mﬁd‘i’ms‘?fgeﬁgeﬁg’f Spideshresd toneonfeiEpng

set of rout.,n evi ce,.comri

o ur al iy S e g acay@,staaaaew:%@mdzs@e}l e SRR, SP e i iy o
Per for m ngf SRl 48 MERS T TBE shid deftllar, WAy Mg BEORI Bla! k. i S
routing | SAAShGiRHR bt AEmBly At ofedt of SRIERRIACHR: said disk pack, tHfeby

96/ 35261
34 P@nﬁiitt'i:%t k& %Bm?ﬁﬁ!é‘ RAd10%urt VP HRL dI9E ;ﬁaél@ bind RERSIRA RSerbll §158aid Ogit c

bl ock of the plurality of logic blocks to a first portion of the first se
of bidiregiskaiile. routing lines said first block connector tab network
conpri si ng; a first bidirectional input/output line, each CFG
progr anmebl y Thepdisd drivetwith fa phirality dofr disksi formling apdisk padkois designed tol bae,
and a plurality of first programmable sw tches coupled

bet ween t hssemblesk sothak the adtuatar and the diskitppek atei mergad griondo fthe stsertion of a
portion of the first set of bidirectional routing |ines; a_second

bl ock congkiendrareund thetditk Racker They shepading degves @b‘g@ﬁ@l aqces§i paesl prowidstl fohe
plurality of logic blocks to a second portion of the first set of

bi di rect i SHATOPERANGRECESSABS MOYeMent Gf s PAtf A MSonnect or tab net wor k

conpri si ng; . ca secopd bidirectional input/output |ine,. each
Rl Thg oA oy S 5 b CUATHe BRBHAl ST ot Rt oy "5
accommodate the forces and formation to a generally cylindrical shape necessary for

installation of the shroud. Preferably, the shroud is designed to engage positioning and

locating surfaces on the base of the disk drive and further to be engaged by locating and
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|nputﬁoutput Tine, and .b ] a pIuaaLléy of second progranmabl e
i'ne. and mm ||flﬂ||||| lllllulllhdeéﬁ’f?{‘oh of “the 1115t set of bidirectional

routing limes; t first bl ock’éonnector tab network further
conprising a flrst block connect or tab line coupled to the first
programmabl e switch and t he second ti onal input/output line to
provide a prograrmabl e connection be Ween the first bidirectional

i nput/ out put Il ;ex Qfivé B8mprising: WO 96/ 35261

PCT/ US96/ 05964 35 first logic block and

the second bi diffa@gd;i onal input/output line of the second |ogic block; and
sai d second bl ock connector tab network further conprising a second bl ock
connect or t abalpluralityoofpleeockdhbletdata sttuagel diske gpatiatipfixed snd nodunseddfot hetafion St
bidirectional input/output line to provide a progranmabl e connection

bet ween t iedatbweectorsdidofrainepct i onal i nput/output line of the second Iogic

bl ock and the first bidirectional input/output |ine of the first logic

bl ock; aB gFigator mreunaddios getgHen peladve wowibErame apd Hor eanping gnovement
progrannable to res ctlvely couple the first and second | ogic blocks to
t he secontelatig tojsal t| ons of the first set of b| d| rect i onal routing

| i nes. i c_device as s r

compr sing: a0 enclosing ke toBperEvaly aRpei wh s i, ke mald GE,
first por n econd portion, said flrst set of routlng i nes
oriented Pw9§“? E@guﬁﬁlrection and said second set of bidirectional routing

l'ines orient e 1@ ° ol rﬂl?e{r%g 09&1 within said el?cl(‘; ngﬁsfneﬁiﬁFPalF@‘Eﬁﬂsﬁrxpall}(]e

conprising a ura che , Yot ve coupl'e T1nes

first por Ehafum éah@ Jatar §for§g%t disks an@'lﬂééiﬁﬁfe' R IsaiOdispostidd BREr kaldl ddigs of
the first portion of the second set of bidirectional routing lines; and

a second kiafdpetiksi an dqgﬁpﬁmﬁmmgu@epkymﬁhqgm of switches to selectlvely
couple lines of the second portlon of the first set of
said shroud comprising a filter disposed in an opening radially extending through
said shroud.
2. The disk drive of claim 1 wherein said shroud member comprises a flanged
inlet/outlet region accommodating said actuator.
3. The disk_ drive of claim 2 wherein said filter is disposed in said shroud at a location
which is moré than one third of the circumferential distance around said shroud from
said inlet/outlet region in the direction of said disk rotation.
4. The disk drive of claim 2 wherein said filter is disposed in said opening in said
shroud at a location where air pressure within said shroud exceeds air pressure outside
said shroud within said enclosing member.
5. The disk drive of claim 1 wherein said shroud member further comprises at least
one flange extending inwardly from said shroud to a distance sufficient to be partially
disposed between at least outer regions of said disks and extending substantially the
entire length of said shroud.

6. The disk drive of claim 1 wherein said frame and said enclosing member each

comprise shroud engaging surfaces for positioning and holding said shroud therein.
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.36 -bidirectional routing lines to |ines of the secgnd portion of"'t%he ' S:
second set of bidirectional routing lings. 19. The I ogi c“”de_vl_ce T
as set forth in claim17, further conprising: ., a second set of I

‘Bidirectional routing lines having a first portionYand sécond: ‘port Foh; said T
first set @laltymycncngelthmmmr\g actiondf ithe mtaltmgﬂiskqjaclectlon and sai d second
set of bidirectional routing lines oriented in a isecond direction, &

a turn mat Typicallymdnting the mamifaotarinig sndodssembly Wi ahe Hisk sipive C the G/ pacRUsmke
lines of the first set of bidirectional routing lines to |ines of t he
second set thefdiski dtive enatbnaxe assemidédnty the disk drive base or frafie and theg teospnsatgieVvi ce
as set forth in claim®9, wherein the turn matrix is a partial turn matrix
sel ecti vel i raerged widp t&lepmk pank. ofWhemever dhare rig) al pemmanently ttheuntéd eylirleitalof
routing lines and a portion of the routing lines of the second set of ~
routing | ifeud circumscribing most offthe pesighery (b \the: disk packotthe assemblynofcthaidisk19,
wherein the furn ggféll X 1.8 full coverage turn matrix sel ectively coupling

each rout i PAGK| qntf ther digl, drive base s!@tthsfmmmguquthmaﬁ@gtowsmm wethpmduskg

routing |In6§ of the secopd set:-6f routin The | ogic
devi ce as RACK Pasemis 2 formidable 1qbstaglectoorelia e and. efﬁcxenv\@sgmbyg.za(jbvmusly,
PCT/ US96/ 05964 said first block

connect or 58embi¥; Gfothe 4%%?"4:6%@4556@‘05 withaut tbﬁ‘(?@ﬁ‘&!ﬁ?ﬁ%l‘%f #rshead Boupl ed

to the first gdlrectlonal in out put
significantly more simple an efficient.

The size and mass of the disks may be such that impact forces on the disk drive cause
deformation of the disks or the support structure of the disk pack, possibly resulting in
conract between adjacent disks. This contact can cause damage to the disk surfaces and
generate undesirable particulate material which could damage the disks.
SUMMARY OF THE INVENTION
It is an object of the present invention to ameliorate one or more disadvantages of
the prior art,
According to one aspect of the present invention, there is provided a disk drive
. comprising: a frame; a plurality of recordable data storage disks spatially fixed and
mout_xted for rotation relative to said frame; an actuator mounted for rotation relative to
said frame and for scanning movement relative to said disk; an enclosing member
cooperatively associated with said frame to enclose said disk and said actuator; an elastic
shroud. member disposed within said enclosing membé; and substantially encircling said
data storage disks and insertable into said disposition after said data storage disks and
said actuator have been merged; said shroud comprising a filter disposed in an opening
radially extending through said shroud,
According to another aspect of the ﬁresem invention, there is provided a disk drive
comprising: a disk pack; an actuator; a housing supporting and enclosing said disk pack
and said actuator; and a separate elastic shroud substantially encircling said disk pack;
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-4 ine-and the plurality of first programable swi tches, said first
. programmabl e driver progranmably driving a signal received across the first
bidirectional input/output line to the plurality of first progranmable
. switches, and a second programuabl e dri ver coupled to the first
« bidirectional input/output line and the plurality of first programmable

Fecetved a a o %Pféﬁ%gﬁ??mﬁéﬁ@ A s SR P 3L
as set r?é’?‘fﬂﬁ‘g‘?‘%‘q@?";‘.ﬁ%@f‘%‘“ﬂﬂﬁh&e. ) W’*ﬂ% 10 caenging Sopose FepeR Bk S ' °°
coupl ed tgﬁrmetosqgﬁmglm Rlidli dueGdd aRglal Mrog%m%%@ gﬁ% A6stilidne! 1ty of

second progranmmabl e -sw tches sald th| progft amabl y

driving Gnsir@f@l sdic AkkY vidB anS &6 %apbfoi“ts'aﬁfeﬁétﬁ?&&l wagay g put

line to the pluralltyo fourt pr ogr anmabl and a

pr ogr ammesdatddChdy/Be inSéreadl iaeh daid n&uemgwﬂssmﬂyraaatn&éigél of' shid ﬁm&aﬁa l'ine

and the plurality of fourth progranmable swtches, said fourth programmable

driver prsagl dixEegucy, dicrst yn?emmgnﬁbref @&ﬁplh‘@deﬂélo%ux% 6fvsiiandigk palte aRfural ity
W

of f-ourt h _progr anabl e s ches-to the second bidirectional i nput / out put

l'i ne. ghﬁed asWiIY oB baid disk drive,
PCT/ US96/ 05 24. A

pr ogr amrefHeadisietfivewith mlp‘luﬁht}gofadmdstfmﬁmg % digk fble @ﬂés%nwm b assemblad
operations on signals, said el ements programmbly connectable to a
pl ural it ysoofhat meemumir inddiheeditk pack areomerged priones the gwertiondofha ahroudhi cal |y
wherein lines of each higher |evel of the hierarchy of bidirectional
routing laroeml theedillopapk. tThershrouding Iefives rsuffitient antest apaze previded for theut i ng
| ine connector tab for interfacing an elenment to |l evels of bidirectional
routing |proper dndgieesssari suovempntaf ¢heeactiatordirinevel , said routing |ine
connector tab conpri sing: bi di rectional input/output |ine, each
eI ement pThegshroudiis formedipf anl efastic matebialdwhish twillndeforimapeadity to pecomimodate

a plurality of programmable switches coupled to the lines of |evels of
bi di r ect i hadorcesand foynationcto ahgageraily chlindricakshape: vesessaryi fos dnstajlation of the a
first programmabl e driver coupled to the bidirectional input/output |ine
and the pshuoud.i Pyefernblyr ther shwonthisedesigned: ioeengageapesitigningsando £es driver
programebly driving a signal received across the bidirectional
i nput / out puithe|tiasseof the diskidmive and fusthar tocke engrged byrlecatinggod i nes | ower than a
predeterm ned level, to the plurality of
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__programmabl e switches, such that the signal is selectively driven on a
line of a level of bidirectional routing |ines higher than the

predeterm ned level; a second programrabl e driver coupled to the
~.bi di recf ' put line and the plurality of programrabl e
% SW tcheglm m"“‘a H rogranmabl e driver programmuably driving a signal
r i c L M

ece
PCT/ US96/

of bidire

switch of
I nput/ out
bidirecti

veax*

s WO 96/ 35261
05964 _ CLAIMS 39 froma line of a |evel
Ytipnal routing lines higher than the predetermned |evel via a
PhEn’pI urality of programmable switches to the bidirectional
ut Line, such that the signal is driven on a |line of
nal Ar"tﬁ‘kﬁﬁ*@m@émgbmr than the predeterm ned |evel. 25.

The programmable |'ogic device as set forth in claim24, wherein each

switch of
one |ine
| evel .

24, wher

theaﬂ'P@Fial ity of programmable switches is programmably coupled to
of the bidirectional routing ljpes higher than the-predeterm ned
a plugaiity o FF@O#%%%%& fi’égi %paa@& fg%edaagﬂs@@um for rotatien ai m

ei.n.the f.irst bidirectional input/output |line conprises a set of

first bi dFSPED S FMSat / out put -1 i nes. 27. The progranmabl e

routing 11 nesiapircBataded R ru@ifl Rlyivel S hriind foF Kianole movemest | 557

The progr
bidirecti

I Qat ¢ device as set forth in claim 24, wherein the
géi rtgﬁ%lﬁ b&rines conprise a first set oriented in a first

or ogr ammabi ¢ PROEI LA RoERe oRn R, g VAR B B prcifhe i i

connect or
coupl ed t

a&cF d t!n_east one routing line connector tab selectively
olines of the routing lines of a |evel higher than the

an elastic shroud member disposed within said enclosing member and substandally

encircling said data storage disks and insertable into said diSposition after said data
storage disks and said actuator have been merged;

said shroud comprising a filter disposed in an opening rédially extending through
said shroud,
2. The disk drive of claim 1 wherein said shroud member comprises a flanged
inlet/outlet region accommodating said actuator. .
3. The disk drive of claim 2 wherein said filter is disposed in said sh'roud at a
location which is more than one third of the circumferential distance around said shroud
from said inlet/outlet region in the direction of said disk rotation. .
4, The disk drive of claim 2 wherein said filter is disposed in said opening in said
shroud at a location where air pressure within said shroud exceeds air pressure outside
said shroud within said enclosing member.
5.  The disk drive of claim 1 wherein said shroud member further comprises at least
one flange extending inwardly from said shroud to 2 distance sufficient to be partially
disposed between at least outer regions of said disks and extending substantially the
entire length of said shroud.
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X\bo gglr 233m"mmmmm”m the first sqf of bidi rectioﬁgrl ECS)SE{ ggglesillnes and

at | east ohe ‘sec¢onl rduting line connector tab selectively coupled to |ines
.of the routing lines of a level higher than the predeterm ned |evel in the

*second set6. of The diiskedriveoofiklair Ul wherelrd 848 -frame and said %nclofink | BSniEraLR ari ty
programabl e | ogi ¢ device conprising a plurality of interconnected |ogic

clusters feomprise shoowti engaging swtfices for Positivginghnd RelaingSaidtht Al tﬁerlﬁﬂny ster

conpri si ng: a first element conprising first programrabl e

conbi nat orfi. al A digk drivéecdmprisirg: ves at | east two inputs and generates a
single first output; a second el enent conprising a second

progr ammabl e ackiskigaclat-drial | ogic that receives three inputs and generates
a single second output; athird elenent conprising a third .
programmabl e anacthatoryt ori al | ogic that receives three inputs and generates
a single third output; a regi ster having an input and an output;

an i nt er conne@thousingrsuppostingangd enclosing said disk pack andesaidoataecar; amd matri x |i nes
and progranmmabl e switches thatw%r ogrammably interconnect inputs and
out puts of thd separate elagticdwondsuystantially epcirgingsaidatisk pack; r egi ster ;
at least one first direct input line and switch that progranmably coupl es
t he out put of Stfdousing eemprisingmeansdor meuntifg said shroud within saidhousinga said
WO 96/ 35261 ) . . . PCT/ US96/ 05964
41 means érgmoustag SewBrising meaes for sgsaiving and engagingoppased pdges of said
shroud to conform said shroud into a substantially cylindrical shape substantially
encircling said disk pack and provide an access gap for said actator,
whereby said shroud may be inserted into said housing after assembly and merger

of said actuator and said disk pack,

thereby permitting more complete enclosure of said disk pack and simpliﬁeq
assembly of said disk drive.
8.  The disk drive of claim 7 wherein said shroud further comprises:

an opening therein extending radially through said shroud, and a filter, and

said filter disposed in said opening, permitting airflow from within said shrouded
disk pack to a region outside said shroud through said shroud. -
9. The disk drive of claim 8 wherein said shroud comprises an air circulation input
and output opening formed by two ends of said shroud and wherein said ends form
outwardly projecting flanges.
10. The disk drive of claim 9 wherein said flanges form a smooth curved continuation
of said shroud extending outwardly from said disk pack.
11. The disk drive of claim 8 wherein said filter is disposed at a location where
internal air pressure within said shroud exceeds air pressure external to said shroud.

12, The disk drive of claim 11 wherein said filter is comprised of a mass of fibers.
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progra output of the third elenent to the input of the
*registe ﬂﬂgﬁ ,E@!u he fine granularity logic device as set forth in
claim29% i ster is programmably coupled to the

-~ i nterconnection matri x by prograqgably coupling the output of the register
to the output of the second elenent and the third el enment such that the
.output of the register is routed to the interconnection matrix through a

coup] 3. noref didk@riRUePMRInPY wHgeis %ﬁgl%ﬁrdﬁh%ﬂér Qmpiriiby & leéu%ﬁpfsaiao t he

i nt erconnection matri Xx. The fine dgranularity [ogic device as

set in@atdly bXtesdist MAngR dispbQShRrhéRat cﬁ&&rre'%ian@oﬂ%aid dibks| whereby 32
The fine granularity logic device as set forth in cl ai m 29, Wherein the
Fi 1 SdychRfHing of Qiid BRkS SBNifdHy RgigenRnt WAR sdidGnvirdlyuending flanfan three

i nputs. ~33. The finegranularity logic device as set forth in

cl ai (8. 29The gikiCdRveofl d18ni 13 GheRBNE iceMndisi! ofi skidafislepdcROfbin Serdiskr | S
programmably coupled to adjacent |ogic clusters through programabl e

ext eﬁgﬁt QNfnd bl i€ Gwadly ederlighaaige Bf displised evithid eghCsaid irgerlisk.

WO 96/ 35261 d e PCT/ US96/ 05964

42 space, thétéby limiting ert@gionsobdidcdisiagi c devi ce conprising a plurality of

| ogi ¢ elenents, a nethod for interconnecting the logic elenments conprising
the steps of: routing resources of a first group of hierarchical
routing, said resources of the first group conprising at |east one | evel of
first bidirectional routing lines, and at | east one bidirectional tab

routing line; routing resources of a second group of hierarchical
-routing, said resources of the second group conprising at |east one |evel
of second bidirectional routing lines; programuably coupling a

connector tab network between at |east one bidirectional tab routing line
and the second bidirectional routing lines, said connector tab network
conprising at |east ane

~ >
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progranmmabl e driver- for programmably driving a signal received fromthe
bidirectional tab routing line to a selected second bidirectional routing
line and a signal received froma sel ected second bidirectional routing
line to the bidirectional tab routing Joi ne. 35. The nethod as set
forth in claim 34, wherein each succeedi ng higher |evel of conprises first
bidirectional routing lines having a length a factor greater than the

|l ength of first bidirectional routing lines of a preceding | ower |evel.

WD 96/ 35261 PCT/ US96/ 05964

43 The method as set forth in claim35, wherein the

36.
bidirecti$ﬁ§§ i Pﬁpr qghﬂnq@miggpggihﬂg i ghest

| evel of |rsﬁg?§§rﬁ§t%2 roda?lﬁ{r(l)anpfe'nes. : S!l!%gma od as set
forth in clai gu@€x NEIGASNMONAND FILTERING INURGH SPEEBIBISKDRIVERR!  dri ver
that drives a signal fromthe bidirectional tab routing line to the

sel ected second bidirectional routing l'ine is of sufficient size to drive

t he hi ghest |evel of second bidirectional routing |ines. 38. The
met hod aBSTRACDrth in claim 37, wherein the at | east one signal driver
conprises two signal drivers wherein said first signal driver that drives a
signal fromthe bidirectional tab routing line toa selected second.
bidirectional routing line is larger than the second signal driver that

drives a si gAafepiraterciastieshrond (16 tb swroundia diskipackdl1)ds tnsertad intoragdisk drivet o t he
bidirectional tab routing |ine.
(10) after the disk pack (1?) and the actuator (14) thereof bave been merged. The shround (16)

can contain a filter (37) which permits the passage of air from within the shrouded enclosure
to the outside. The filter (37) is disposed in a region wherein a positive pressure exists. The
shroud (16) further can be provided with flanges or ribs (30) which will engage the periphery
of deflected disks (12) to eliminate disk-to-disk contact, thereby reducing damage to the disk
drive mechanisms and the disks proper. The shroud (16), the design and placement of the
filter (37), as well as the inlet and outlet shapes of the shroud (16), each contribute therefore

to reduce energy consumption and temperature rises within the disk drive (10).

Fig. 4
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