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SCALABLE COVPUTER' SYSTEM F’M’Wﬁl@m@m] - MOUNTED  CAPACI TI VE COUPLERS FOR

| NTERCOVMUNI CATI ON  Techni
conput er systens, and nore par,

e present invention relates to
y, to a scal able conputer nmade of

subsystens each havi ng capaC|t|ve coupl ers nounted on subsystem surfaces

for conmmunication with the adjacent subsystens. Ba
Conpt enrpor ary conput er and communi cati ons systems ul
rrput

several subsystens, each inplenmenting one-or nore

he I nvention -
ri se

I on or

comuni cation functions. Exanples include conpute serV8P¥ |nternet web

Subsystem | nch AL RPEE COMITERCS P TER AdVISER IR Ade Mo Bt

i ncl udi ng pri nt edCARAGITIVRIGOUBLERS HORINTERCOMMUNICATION Wi

ring and

connectors, etc. Each subsystemis outfitted with external connector
sockets for conmunicati ng with other subsystens and for draw ng power. The

subsystems are nounted in proxi mlechnicalddeldot her in mechani cal

structures

in the formﬁﬁl ndustr standard si zed racks or customsi zed chassi s.

Figure 1 illu

Basen in ‘é‘b‘f%@'ﬁtas o eormpuies Apsiearsy and moreipagticagartye to Aavi ng

“two Ser\é%%ﬁablrgcgmpu?er?ﬁé L S s%rb% e 11. The servers 10 include subsystens 12

that are
subsystem surfaces for communication with the adjacent subsystems.

Background of the Invention

stems each having capacmve couplers mounted on

Comptemporary computer and communications systems commonly comprise

several subsystems, each implementing one or more Computation or commumcatlon

functions. Examples mclude compute servers, Internet web servers, storage servers,

and packet-based _commumcatlons switches. Each subsystem includes its unique

electrical and mechanical elements, including printed_-circuit wirihg-board assemblies,

internal wiring and connectors, elc. Each subsystem is outfitted with external

connector sockets for communicaling with other subsystems and for drawihg pbwer.

The subsystems are mounted in proximity to each other in mechanical structures in-

the form of industry standard sized racks or custom-sized chassis.

Figure 1 illustrates a representative contemporary computing center having

two servers 10 and a data storage 11. The servers 10 include subsystems 12 that are

housed in industry-standard 19-inch racks. The subsystems 13 of the storage 11 are

housed in a custom-size chassis. The servers 10 and 'storage 11 are typically in an

- environmentally controlled data center or server room. The subsystems 12-13 are

interconnécte_d with each other and to outside communication links thrdUgh electronic

or optical cables 16. AC or DC electrical power must also be supplied to the



housed in industry-standard 19-inch racks. The subsystens 13 of the
storage. 11 are  housed in a customsize chassis. The servers 10 and
storage 11 are typically in an environnentally controlled data center or
server room The subsystens 12-13 are interconnected with each other and
to outside comrunication links through electronic or optical cables 16. AC
or DC electrical power nust also be supplied to the subsystens 12-13 and is
typically distributed via under floor cabling 15 froma power source. The
rack/ chassi s-based architecture of Figure. 1 has several advantages: (1)

t he subsystens may be arbitrarily arranged in the room subject to cooling
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several qpgadional disadvantages: (1) scaling difficulty;. (2) cable
managenent; (3) connector unreliability; and (4) wunreliability of wire and

cabl e assenbl it rabkAssBIEAHRHRrERctiRWIFi§Grel NRa®LeVaal adwiritabbabi I ity
of ‘today's high-performance conputer and coniruni cations systens and. | ead

t 0 i ncr eq$pheCOsysHMOMSENAIDIrATY BFARZEE tn tRNGoHNFubETt @6 coBhgaRtens.

The first di sadvantage of ‘current conputer and conmuni cati-ons systens is
the di fficabliby ddtenswedibtainte Eid(?) wesulidystays rayiravealiieieny fam factarsi ons
need to be expanded. This can occur even if a system was designed to '
accomodieweverettiaitype afquckagiog syffers frlomramveead apptagionab disadractagasn i
server into a network, additional comuni-cation cables need to be.
‘connect edcalingdifiéculiy: k2)sablecmangpemest; (3) connestorgwirelability; andl (4) al | ocat ed
at capacity with insufficient free network ports, the upgrade becones
di ffi cul unselmbiity of wirepand eahle assgmblies. hEheseproblams conaRbinioiheramarahal .
while. the expans%on i§IPerforned. ' C
S unreliability of today’s High-performance computer and communications systems and
“lead to increased costs of ownership, maintenance, and upgfade of the systems.
'ThefnstdeadeﬂagecﬁcunentCoannerandconﬁnunmaﬁonsSyskunsis
the difficulty one would ehcounter_ when the system's capacify or functions need to be
expanded. This can occ.ur evenif a sYstem was deéigned to accommodate a certain |
‘degree of growth. For example, to connect a new server into a'hétwor_k, additional
" communication cables need to be connected to a network switch. However, if the =
“switch is fully allocated at capacity with insufficient free network ports, the upgrade
becomes difficult and costly, barticularly if the ‘system must remain operational while
the expansion is performed.
The second disadvantage of current computér and communications systems
is the }nanag'emenl of interconnect cabling and wiring. Given the large number of
wires and cables in a computer facility, it is not uncommon that service and support
~personnel may incorrectly connect or disconnect a cable. The potential for other
errors, such as plugging a cable into a wrong subsystem and leaving a cable
unconnectéd, can also occur, particularly when system operation must be restored

quickly. For optical cables, one must select the proper speed, wavelength, and
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The second di sadvantage of current conputer and conmuni cations systens is
"t he managenent of interconnect cabling and wiring. G ven the | arge nunber
of wres and cables in a conputer facility, it is not uncommon that
service and support personnel may incorrectly connect or disconnect a
cable. The potential for other errors, such as plugging a cable into a
wrong subsystem and | eaving a cable unconnected, can al so occur,
“particularly when system operation nust be restored quickly. For optical
cabl es, one nust select the proper speed, wavel ength, and 2 di stance
paranmeters. The third di sadvantage of current. conputer and conmuni cations:
systens igistahdeptirinféteAdi |1ty of connectors. Electrical connectors can
degrade over tinme due’to mcro-fretting wear, which can |l ead to corrosion

As a netal commeahpd disidvaARge dftcﬁrreﬁi &ﬁh?u@ﬁbnﬂ%hﬁﬁ&ﬂ@ﬁldn@%@%@e’?ﬁ&s
causing intermttent or hard failures in the system Optical "connectors

nmay be nilshandlietility effdorthectofs.CBRIcEDalabmtbdrsidandfigradd o@ér thHe due t6ausi ng
an intermttent open circuit in the system In addition,

opt i cal - trocrekfeetting ®adar, whizshoaeilead ® carrodion.| AsHwmeel baﬁr@écﬂar aortbded, ityr es
result in an increased cost of nmaintenance for the system The fourth

di sadvanelegérioal resistapoe incoeqaesecausisg ensrmittent otteirdfaikirésin thetsysteml  cost

of cables. Both electrical and optical cables can be broken, cracked, bent,
conpr essO@licarCaieetar seaybe misftansipd, (reed o5 gostarapateddly fingsr od aravshl so be
darmaged i f stepped on_or if the maxi num bendi ng radius i s exceeded.

Al t houghCatsiRg @ “&tﬁémtrg%'lt eaen gir @l@%fﬂdﬁééyg@mrelﬂa%ﬁquhloﬁ’t'%‘éﬂtﬂﬁcﬁaﬁdnet ers,

they are not al nuf actured .to t ol er nces.
y. transcelvers can fg? lIII\ese hazards ana 'falrbres resu |n an'increased cost of

maintenance for the system. |
_ The fourth disadvantage of current computer s'ystems_is_the unreliability and
~ cost of cables. Both electrical and optical cables can be broken, cracked, bent,
compressed, or otherwise mishandled. Glass-bas'ed.omical cables cah also be
damaged if stepped on or if the maximum bending radius is exceeded. Although
_ cablee are tye_ically designed to meet certain system parameters, they are not-always .
fnanuiactured to such tolerances.

Electrical cables may also carry undesirable shield of ground currents
between subsystems with chassis grounds or signal grounds at diﬂ_efent electrical
potentials. particularly when the subsystems are powered from different AC braneh
circuits. Cables can also undesirably pick up external electromagnetic interference
or electrostatic.discharges. These unwanted shield, ground, or signal currents can
cause intermittent or hard errors in the commeniCation between the subsystems,
resulting in transient or hard failures in the whole systems.

The above disadvantages contribute to the unreliability, inflexibility, and h'igh-
cost of ownership of existing computer and communications systems. Therefore,

- there remains a need for a modular computer system that has reliable and simple
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El ectrical cables may also carry undesirable shield or ground currents
bet ween subsystens with chassis grounds or signal grounds at different
el ectrical potentials, particularly when the subsystens are powered from

different AC branch circuits. Cables can al so undesirably pick up external

el ectromagnetic interference or electrostatic discharges. These unwanted
shield, ground, or signal currents can cause intermttent or hard errors
i n the conmunication between the subsystens, resulting in transient or
hard failures in the whole systens. The above di sadvantages contribute to
the unreliability, inflexibility, and high cost of ownership of existing
conput er. ni cat,J.ons _sys ﬁgf re, there remains a need for
nmodul ar @gﬁgﬁﬁg FgﬁﬂfﬁQFY éx9%ﬂq %ﬁ&ﬁ: ‘sinple 3 interconnection, an
is easy to expand and service. Summary of the Invention An object of . the
invention is a reliable design for conputer systens that elimnates

conventional. connectors and §gpnssr !;f&rthgqg§gﬁ$,gm communi cations. Anot her

obj ect of the invention is a Tomput can be easily expanded

in terms of fﬂﬁﬁdﬁ&ﬂ%fwlr%ﬁﬁ&# feVa WiiabBlediedigh forirptRbT SystéMsi that
operation. A furt

conput erelinsinateBoriv ntiofHCEO MR8 RIrd ang RBRIS for BabSistaavemmanieatorddd
ownership costs. A yet another object of the invention is the ability to
‘physi cal |y i narotheniothjgct sbite inudrstiostie acdmpateasystenoiat ben bergasiler syst ens
with only a straight sliding notion. To achi eve these and ot her objects,
t he pr esepandeddn térons of fonciites andeapagitewith minimum disruption to its operation.

A further object of the invention is a highly compact design for computer
systems to reduce ongoing support, maintenance, space and ownershllp costs.
A yet another object of the invention is the ability to physically insert and
' remove subsysterﬁs into and from the computer systems with only a straight sliding
motion. | |
| To achieve these and other objects, the present invention prbvides a computer
- system made up of subsyslems, or “bricks”, arranged together such that adjacent
._sub's_ystéms communicate wifh each othef via surfacé-mdunled'capa'cilive couplers
located on the subsystem surfaces. The subsystems may be arranged into a
two-dimensional or three-dimensional structure to perform genefal-purpoée
'computlng data storage, -and network communlcatlons or a combination of such -
functnons. In.a preferred embodlmenl of the invention, cubical subsystems are used
- to implement the computer system. |
Each capaci_tive coupler includes two half-couplers where each ha-lf-co'_ub|er'is
located on an external surface of a subsysteni Each half-coupler includes an -
electrically non-conducting substrate, one or more electrically conducting pads on the
substrate where the pads are coupled to the carrying subsystem's electrical circuits

through electrically conducting leads. To improve the transmission of electrical
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- system made up of subsystens, or "bricks", arranged together such that

“adj acent subsystens comrunicate with each other via surface-nounted
capacitive couplers |located on the subsystem surfaces. The subsystens nay
be arranged into a -two-di nensional or three-dinensional structure to
perform general - purpose conputing, data storage, and network
comuni cations, or a conbination of such functions. In. a preferred
_enbodi nrent of the invention, cubical subsystens are used to inplenent

t he. conputer system Each capacitive coupler includes two hal f-couplers
where each hal f-coupler is |ocated on an external 'surface of a subsystem

Each hal f | dedse- bstrate, '
o?cm)rg eflggta?laggjl ‘Ibr?‘}‘conduc!‘?(?]?t%ﬂpgﬁw ﬁ%%éub‘%&%ﬁ? %pﬁﬁgﬁzeu‘%‘cﬁ@rrg@g@hgpg
orentrically conquar iy meRs A 8 6h U E LhaHhbe, 1 AAME dbe i car 4

el ectrically conducting | eads. To I nprove

e e L TR e '“&Wﬁgi‘%@s@wgﬂn@Sit%g‘é‘irt%c |

.covered with a lowloss dielectric materi

const ant (comptaamremtedmsugnae T\8% paas (orea RAIRCBABH M dnChbh SI6QKIN a7 080 112
pads

i'ncl udes positive signal and a negatlve (co enen

(on a haI@Céﬁ"&tp‘l‘%ppsﬁwerandatégasu@smhtsmm@euﬁ%adsoaréarféfe?‘retd% atgoas' tive and
negat i vepfsfba?nal s. These two pads are referred to as ferential pad

pair. gh¥alpadpaihsnitting and receiving circuits are typically
coupled to th smitti n and receiving hal f-couplers on each subsystem

tra
to support t hg) f&?rtepg?'etfﬁris&"' ing; afisbiesevingnaireuits ede amicaligeeupled thyhé he
'subsyste and receiving circuits. are.in

“turn coug}3 %ﬁf‘ﬁ &fhtﬁ etrvrag ?‘@hr&%gggé‘; éoga@b sulbsytstem to support the dtﬁerentral

srgnals transmitted and received by the subsystem respecttvely The transmltttng
and receiving circuits are in turn coupled to the rest of the electronics in the
subsystem The signal might be a bi-directional signal.

In a preferred embodiment of the invention, the system is a three- drmensronal
computer system made up of cubrcal subsystems. Each subsystem rncludes an.
8-port, packet- based switch chip that is br dtrectronatty connected to six half-couplers
and an internal processor through a Network Interface chip.. In addition, the switch is
connected to an external network through a Media Access Controller (MAC) and an
Encoder/Decoder (ENDEC) and Serializer/Deserializer (SERDES) chip. The -
subsystem provrdes a total bandwrdth of 20 Grgabytes per second in and out of the:
subsystem

In order to have an effective capacilive: coupltng between two adjacent
| subsystems a light pressure is preferably provided to hold the opposmg
haif- couplers together, using a spring mechanism. In addrtlon the half- couplers are
typtcally mounted on non- -conducting carriers that have bumps and depressuons o)

that the conducting pads are properly atrgned across the opposing half-couplers
effectively.



subsystem The signal mght be a bi-directional signal. In a preferred
enbodinent of the invention, the systemis a three-di nensional conputer
system nmade up of cubical subsystens. Each subsystemincludes an. 8-port,
packet - based switch chip that is bi-directionally connected to six

- hal f-couplers and an internal processor through a Network Interface chip..
In-addition, the switch is connected to an external network through a

Medi a-Access Controller (MAC) and an Encoder/Decoder (ENDEC) and
Serializer/Deserializer (SERDES) chip. The subsystem provides a total
bandw dt h of 20 ‘G gabytes per second in and out of the subsystem In order

) ?Sﬁ? or css (et B SBRER dnd Sy ttﬁgﬁpﬁﬁﬁé‘@tﬁiﬁ%ﬁ%‘&ﬁ@% s:eifc??%%LSFE; s
| ESS?EJ[ gre e Mo SR rATRARE A0 d Rpalnfies EoMRye ol I8 et Bbitana e’
0ppos ng Pl e Sr AR gy B e B e Rk ol A MG, ot ages o

the present invention will be set forth in the description which follows,
and in part wll be obvious fromthe description and the acconpanying
drawi ng, or may be learned fromthe practice of this invention. Brief
Description of .the Drawing Figure 1 illustrates a typical configuration of
prior art computer and communications systens. Figure 2 shows a scal able
- three-di mensi onal .conput er Bsie$ Descriptianasfritiereawing

Figure 1 illustrates a typical configuration of pf_ior art computer and

communications systems.
Figpre 2 shows a scalable three-dimensional computer syéfem in accordance
with the invention. |
o - Figure 3 depicts a preferred embodiment of a Wall-mounted scalable
. two-dimensional computer or communications system of the invention.

Figure 4_'shows an example of two adjacent subsystem bricks with their

aligned, opposing capacitive half—cbu‘plers according to the invention.

Figure 5 illustrates an example of the,"eleélrically conducting pads for the |

* capacitive couplers of the invention. -

_Figu'reﬁ depi'cts a side viéw_ol a differential capacitive half-coupler in

accordance with the invent'ion.

Figure 7 shows a top view of a differential capacitive half—codpler in

accordance with the invention.

Figure 8 illustrates a representative wiring between the electrically conducling

differential pads and the sub_sysle'rh electronics in accordance with the invention.

Figure 9 is a block diagram showing the subsy'stem circuit functions of a



with the invention. Figure 3 depicts a preferred enbodi nent of a
“wal | -mount ed scal abl e two-di nensi onal conputer. or communications system
of the invention. Figure 4 shows an exanple of two adjacent subsystem
bricks with their aligned, opposing capacitive half-couplers according to
the invention. Figure 5 illustrates an exanple of the, electrically
conducting pads for the <capacitive couplers of the invention. Figure 6
~depicts a side view of a differential capacitive half-coupler in
accordance with the invention. Figure 7 shows a top view of a differential
capacitive half-coupler in accordance with the invention. Figure 8

illustrat | ' L I j.call ducti

i £ 1 or onth Sl SERESEREH S o HblcAetRYBAD A OF BREEIL kARt ¢ ho

[ nvent ion. Figure Z}j s a bl ock dai{f&ﬁr am showi ng the subsystem circuit
functions of & '$VFri&illpsliatesAvenampie of die alignhertandelpaipiiemears rdance t o

the invenijo i e. 10 illustrates an exanple of the alignnment and
cl anpi ngq{r?gaérzljélp#egroqye HMePi'BBum er of the invention. Description of the.

Preferred Enbodi mnents. The invention is a highly scal abl e and dense
architecture for conputer or comrunications systens. The systens are nade

- up of externally ident i[;e%l . subs { e fefal sqg Le %r- rI ed to as "bricks", each
."havi ng capacitive hal fﬁ%mm%s for conmuni cating
w t_h the surr ?Hg cliriw%%tisélrjlbig %Sgigt%'scﬁatbﬂaogr?dhdense architecture for computer or | |
cbmmunications Systems. The systems are made up of externally identical
subsystems, also referred to as “bricks”, each-having capacitive half-couplers on its
external surfaces for communiéating with the surrounding subsystems. Although
capacitive couplers are used to describe the _invehtidn, other types of couplers Imight
be adapted for the systems of thé invention, such és opti'cal"couplers. Figure 2 s.'hows
é'preferred embodiment of a_scaléble three-dimensional computer system of the-
invention. The system includes multiple subsystems 20 stéc_ked together so that
each subsystem has at least one surface that is in close proximity or in conlact with at
]easi one sqrfac_e of another subsystem. For example. in Figure 2, the Subsystem 20
is in-conlé'cl with the subsystems 21 through 23. Each subé’ystem surface includes
Oone or more capacitive half-éouplérs 25 which will be described in detéil beldw. Each
‘subsystem 20 might be a data processing unit (server), a data storage unit, a
networking unit, or some other compuler-related functions. Through the élighment of
the capa'citive half-couplers 25, the subsystems 20 together perform the computation
or communication functions of the whole system without co’nventional.cab.les and

connectors between them.

In a preferred embodiment of the invention, the subsystems 20 reside on a
support base 24 to provide mechanical structural support for the subsysiems and

through which power is delivered to the subsystems with power connection 26. The
' 7



capacitive couplers are used to describe the invention, other types of

- couplers mght be adapted for the systens of the invention, such as
optical couplers. Figure 2 shows a preferred enbodi nent of a scal able
three-di nensi onal conputer systemof the invention. The systemincl udes
mul ti pl e subsystens 20 stacked together so that each subsystem has at

| east one surface that is in close proximty or in contact with at | east
one surface of another subsystem For exanple. in Figure 2, the subsystem
20 is-in contact with the subsystens 21 through 23. Each subsystem surface
I ncl udes one or nore capacitive half-couplers 25 which will be described

(server) Pase ?S&a@%?g%ﬁm‘aé@%@?%?ﬁP%SS e RS REaT R
bal T o cout @{gathHEe su syst)zéleél%ﬂi oge hls%r%‘?ﬁ'é "%’(C @nﬁﬁ%’ﬁgklnﬁ or

hal f - coup ers per orm e conput

comuni Cﬂéa%ﬁéﬂ%ﬁ'mﬁe@mﬁ%te‘hﬁ?gﬁ)t§55€évﬁng‘o"“. thout conventional cables anq'

connectors between them rre di rent of the invention, the
b t 20 t.b 24 t d t t |
cupport for - FRESUaSAR o INERCERIGTER Seidb PR R R Rungh bt 2
b t dat
SUbSy St S AR I0REEH e o pefoliEepAlmLoBlER BRGRIEC

Typi cal | ghent hen ﬁddﬁmﬁ' N&ﬂ@uﬁ%@!t@@@me{% cbﬁ{ﬁ‘i’lyulegtlorﬁe?sté?ﬁr\%at ed by the

subsystens (not shown) he su the Invention dare arranged in a
struct ur susystent batkd SRYamaRge @ a m&btrﬁeﬁﬁbﬁal%r%ﬁeetenn@e?%kbr@! Sedictipe form

oper abl e capacitive couplers between them In addition, to forma useful

~ conput ersmas toommximizathieomsmbgsbdesabsybiem surfaces in contact with other subsystem

| surfaces. Although the preferred embodiment of the invention in  Figure 2 :is_. made
| ulp of ¢cubical SUbsystems 20 with six surfaces each, other brick shapes are also
- possible. For exa_mple, the shape of a subsystem may be a triangular prism (five |

| s_urfeces), a hexagonal prism (eight suh‘aces), or a dodecahedron (twelve surfaces).

- Figure 3 illustrates an example of a h)vo—diinensi'onal structure of cubical subsystems
in whnch 1he subsystems 31 are attached to a supporl wall 30. The suppon wall 30 -

_ -has power connection 33 through whnch poweris dehvered to the subsystems Each'
subsystems 31 communicates with its adjacem subsystems through. couplers 32. To
provnde suﬂucuent alugnment between opposmg half-couplers, mechanlcal means
'such as screws 35 may be used to hold the subsystems 31 to the support wall 30 and _
to hold the subsystems 31 together. In addition. _interlocking or alignment means

' such as surface bumps and depressions -‘m'ay be used to assure that opposing

. half-couplers are properly positioned, aligned, and touching each other.

Figure 4 shows two adjacent subsystems 40 and 41 (separated (_or.clérity). with -
their half-couplers 42 and 43, respectively. The half-couplers 42 and 43 are located
on the subsystem surfaces 48 and 49, and are electrically connected to the

subsystem circuits, respectively. The subsystem circuits are omitted from this figure
' 8



subsystem bricks are arranged in a two-di nensional or three-dinmensional
"structure so as to-maxim ze the nunber of subsystem surfaces in contact
w th other subsystem surfaces. Although the preferred enbodi nent of the
invention in Figure 2 is. made up of cubical subsystens 20 with six
surfaces each, other brick shapes are also possible. For exanple, the
shape of a subsystem may be a triangular prism (five surfaces), a
hexagonal prism (eight surfaces), or a dodecahedron (twelve surfaces).
Figure 3 illustrates an exanple of a two-dinensional structure of cubical
subsystens in which the subsystens 31 are attached to a support wall 30.

The support wmall- 30, has power connection 33 through which power is
del i ver ed°f S'af'h'e g%ﬂ@%%‘g@?%mtéér@ Feryodgliieasthes snthiippertyalignedhthiet s

adj acent . ens, 4 hrough couplers 32. To rovide sufficient alignnment
bet ween o’f)agkg%%lui}erﬁﬂéf‘}égclf& @F@Pgﬁ‘gﬁ%ﬁﬂ‘i‘@% ‘;O?FEJA?%‘C%W”&@@% Bokves® may be
used to q%g B%Vstémﬁsys'term 31 to the support wall 30 and to hold the
subsyst ens T ogéther. In addition, interlocking or alignnent neans such,
- as surface bunps and. depressions may be used to assure that opposing
“hal f - coupl er s “afHPIHBELIUPICOMATIHEs dwo Barigne Halfmeuptes Yerindg kaltbouglber .
Figure 4 sh t adjacent subsystenms 40 and 41 (separated for. clarity).
Wit h t-hé‘?’r %PF%&&S‘P 'C&’pg‘%fdg'@@, inluglgdoth frangmitteis apdireceivaipl igere42” and
43 are | n ( syst sur.fac 48 and 49, and are electrically
connect egcs?%wtgho@?y %E%Z?g}“g%pcﬁ(f&?)‘? ,ea}?aﬁéﬁ%&'%‘g& §nd grecaiviHpeh4drencthecui t s
~are omt _ i L larity. t he.subsyst e 48-49 are
a0 o ¢ W chRABY 3y Ly ornd kAl Yoo B3et B8 HERERL S The o
capaci ti ug of 8UBS\Rite U UPRO FdcerARTHAK-CBLA B 3RETHNEEY oh i SHRRLSHSIE-

subsystem 41. The half-coupler 42 conveys electrical signals to the half-coupler 43.

These signals are time-varying for encoding the information being communicated

_' between the sub_slyste_ms 40 and 41.
" For i_rnpr_oixéd_ pedormance, the-subéystems typically transmit and receive
' eleClriéal signals in dilferential form, i.e., a complementary pair of positive signal and
negalive sighal. Thus, two pairs of pads are needed to convey a diﬂerentiél signal
| b.elwee.n the opposing half-couplers on two subsystéms. Figure 5 illustrates a
| difterential capacitive coupler to suppon'diﬂerential signaling. The differential
capacitive coupler cdmprises-.hall-couplers 52 and'53. The half—éoup'ler 52 inéludes
differential pad pair 54 and 55, which aré_ connected to subsystem leaﬂs 50 and 51,
- reSpectively. The half-co_upler 53 includes opposing differential pad pair 56 and 57,
which are connected to subs'ystem leads 58 and 59, respectively. The pads 55 and

57 convey the positive signal of the differential signal. The pads 54-56 convey the

negative signal of the differentia! signal.

Figqre 6 shows a side view of a differential pad pair for supporting a differential
signal, such as the differential pad pair 54-55 in Figure 5. Itincludes an electrically

nonconducting substrate 60 with metallic pads 61 and 62 deposited or affixed to the
_ 9 _



A capacitive coupler conprises two parts: a half-coupler 42 and a

hal f-coupl er 43. Al though each hal f-coupler m ght include both
transmtters and receivers, Figure 4 shows only a transnmitter pad 44 on’
the hal f-coupler 42 and a receiver pad 45 on the half-coupler 43 for-
- clarity. The transmtting hal f-coupler 42 is |ocated on the surface 48 of
subsystem 40. The receiving hal f-coupler 43 is |ocated on the surface 49 of
subsystem 41. The hal f-coupl er 42 conveys electrical signals to the
“hal f-coupl er 43. These signals are tinme-varying for encoding the

i nformati on bei ng conmuni cated between the subsystens 40 and 41. For

i nproved rformance, the subsystens typically transmt and receive
el ectri C§B8§V @‘ﬁgﬁafé The metalicqpadsh1 ard és aje govergddunpvenethirdayenefi r  of

positive.signal and  negativ ignal. Thus, two pairs of pads are needed to
convey alrlﬁtgqqg\gecﬂ@fégﬁn%&\@}%aﬁ G%egﬂg@ﬁ? EARNGAIpRLQ ﬁlf st piredits (6at t wo
subsyste | ustrate ifferenti apacitive _coupler t
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and 51, gnispRetively. The hal f-coupler 53 includes opposing differential
~-pad. pair 56 and 57, which are connected to subsystem | eads 58 and 59,
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o thick. The metallic pads 61-62 are preferably made of silver palladium with a’7-
micron thickness. The dielectric coating 65. is preferably'a standard crystalizable,
sc'reen-_printe_d,“thick-film dielectric material with a relative permiﬁivify of dielectric
: lb"onstant of 8 to 10, and a thickness of 7 microns. A preferred dielectric material is.
DuPont Elec_trohics QM44. The dielectric coating over the pads can provide about
500 V of electrostatic discharge (ESD) isolation per pad (or 1000 V-between |
diﬂefemi__al pair pads). and 1 Megaohm of resistance. It is assumed that the _

subsystem electronic_s provides additional ESD input series protection. |

When two éapacitive halt-couplers are properly aligned to form a capacitive
coupler, the dielectric coating 65 is preferably in light physical contact with the
. dielectric coating- of the opposing half coupler. The close proximity of the differential
metallic pads and the dielectric coatings, and any undesirable intervening air gap.
| forms a parallel-plate capacitor. Due to the capacitor's displacement current, a
timé-varying signal is ele_c'tromagnet'ically'conveyed between the two opposing

half-couplers.

Figure 7 depicts a top view of the differential capacitive half-coupler of Figure 6.

The metallic pads 71 and 72 are disposed on a substrate 70 and covered by a
- 10



[ in |layer
substrate 60. The netallic pads 61 and 62 are covered by a very thin

"of. insulating dielectric materi al 65, and are connected to the subsystem

circuits (not shown) through electrically conducting | eads 63 and 64,

respectively. Preferably, the |eads 63-64 are connected to the metallic

pads 61-62 through small vias 66 in the substrate. In a preferred

enmbodi ment of the invention, a hal f-coupler is designed and manufactured

using a standard, nulti-layer, thick-film screen-print-process ceranc

nodul e technol ogy. The substrate 60 in Figure 6 is made of Alumina and is 1

nm thick. The netallic pads 61-62 are preferably nmade of silver palladium

wth a 7- ,.m cron thi.ctPess ' The dielectric coati ng 65 is preferably a I
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al f-couplers. . .

: differential pad pairs 82 of the subsystem A are located on the half-coupler 80. The
diﬂere_ntial pad pairs 83 of the subsystem B are located on the half-coupler 81. The
transmitting half-couplers of the subsystem A are coupled to the subsystem
electronics 86 through a_transmiﬂer cin__cu’it 88. The receiving differential pad pairs of

: th_’el subsystem A are coUpIed to the subsystem electrbnics 86 through a receiver
circuit 87. Similarly, the transmitting and receiving-diﬂerent_ia'l pad pairs of the
‘subsystem B are coupled to its electronics 84 through a transmitter circuit 85 and

~ receiver circuil'_ 89, respectively. Nole that the receiving pad pairs 82 of the

subsystem A are opposite the transmitting pad pairs 83 of the subsystem B.

- Since there are four differential pad pairs cohnecled to the transmitler 88 of
the subsyslé_m A and four differential pad pairs connected to the receiver 89 of the
subsystem B, four signal channels are available to convey data from subsystem A to
sUbsystem B Simultanebusly. In the opposite direction, four channels are available to

receive data from subsystem B to subsystem A using the remaining differential pad

-pairs.

The number of transmitting and receiving couplers in each subsystem

depends on the required subsystem interconnect communications bandwidth needed
11 '



Figure 7 depicts a top view of the differential capacitive half-coupler of
Figure:6. The netallic pads 71 and 72 are disposed on a substrate 70 and
covered by a 10 dielectric nmaterial (not shown). Electrical |eads 74 and 75
respectively connect the pads 71. and 72 to a subsystem el ectronics. The
outer dinensions of the pads 71-72 are typically 5 to 9 mmon each side.
The separation 73 between the positive pad 71 and negative pad 72 is
typically in the range of 2 to 6 mm Figure 8 illustrates a preferred
enbodi ment of nultiple differential capacitive couplers between two
subsystens A and B,.shown side-by-side. The subsystens A and B typically

orovi di gy aeapTRoeT IBReNeR FBYplambR ARAc bad AREChaX Bt ot e

provi di ng” conputn i cation TuhRc

d {fer enbirals GRAbAYSeeafd, MbnieanuRouR! EMAVENFRLPERRGRPO GRS | |

hal f - coupl er 80. The ITferentia pairs Sys

| ocat ed amidirbetidraliditetenlignings is TH& GbikoedBrd | BdirBalidn t he
subsystem A arle coupl ed t'o ltnhe'ssubsy%%)lgsgr] el ect?’g'rqlag{léén8agl9’?lﬁrhgr3§%£ga

transni t Gigrabilis/seeohd8to hBeubspstbivi 41 2 Bi@bienté@Indad Aahe sutdystdhers
subsystem A are coupled to the subsystem el ectronics 86 through a receiver

ci rcui t &th differdratidl Yine iheBHOBraGoUEUNhe dyide g@erisabnobandiamerdtivalen pad
pairs of the subsystemB are coupled to its electronics 84 through a

t ransni tpar otsulagyisterss vatidthese bminbedirectianal thaBlels ie 20 &iyabiey/second; er t hat
the receiving pad pairs 82 of the subsystem Aare opposite the transmtting
pad pai 454308 yiesisesapdyst em B. Since there are four differential pad
pairs connected to the transmtter 88 of the subsystem A and four
~differential Tahplficospleo80eanadniey tdthertetto@sle 891 opFigubes opelsyaéiem B,

four signal channels are available to convey data from subsystemA to
separate, bit-serial data channels according to a packet-based communications data
link physical layer standard, such as Et'h_ernet,.F_ibre Chahhel; or InfiniBand.

_ ln-'thé preferred embodiments of the inventilon, it is assumed that the physicél'
layer is baséd on bit-serial, 88/10B data encoding, non-return-to-zero, and
differential voltage leVeIs_. For a description of an 8B/10B encoding, sée, .for example,
“Byte-Oriented DC-balanced (0.4) 8B/10B Partitioned Block Transmission Code/”
U.S. Palent 4,486,739, ‘A receive clock may be derived from the received serial data
stream by the subsystem electronics. Other da.ta I_iﬁk and physical layer protocols

might be used, although in general the capacitive coupler requires a sufficient

lrequency bandwidth to convey the data link-code's lowest-frequency components.

Figure 9 illustrates a block diagram showing the main functions of a preferred
embodiment of a typical cubicél subsystem brick. The subsystem includes an 8-pon,
low-latency packet-based switch chip 90 that is bi-directionally connected to six |
half-couplers 91-96 and an internal processor 97 through a Network Interface Chip
(NIC) 98. In addition, the switch 90 is connected to an external network through-a
Media Access Controller (MAC) 91 and an Encoder/Decoder (ENDEC) and |

. Serializer/Deserializer (SERDES) chip 92. This connection is typically located on the
12 |



subsystem B si nul taneously. In the opposite direction, four channels are

“available to receive data from subsystem B to subsystem A using the

remai ning differential pad pairs. The nunber of transmtting and receiving
couplers in each subsystem depends on the required subsystem i nterconnect
comuni cati ons bandw dth needed 11 by the subsystem el ectronics. For
exanple,. if each pad or wire pair is capable of 3.125 G gabits/second,
then the aggregate bandwi dth per a coupler's four unidirectional
differential lines is 12.5 Ghits/second. Bidirectionally, that is 12.5

G gabits/second into the subsystemand 12.5 Goits/second out of the
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requi r ezablesyfl D0@HNdifferential-pair coaxial cable; 100-ohm twisted pair of wires: ora
twin-ax coaxial cable. A differential signaliﬁg pair of wires is preferred because it
cohveys electromaghetic signals over the two wires and through the coupler via a
ﬁrOpagating electromagnetic wave without conveying any significant ground retdr'n
current or other common-mode cu'rre_nts which could possibly cause unwanted noise.
intedergnce. The differential signal vbltage levels preferred are typically under 1V

peak-to-peak.

| Furthermore, a capacitive cbup_le_r is designed such that its fréquency-

| response is as non-afttenualing as reasonably ac_hie'vable over the expected
‘operating regime, typically for a fréquency pass band from 100 MHZ to 7 GHz. The
high-frequency roll.oﬂ. requirement is determined by the ability of the receive |
electronics and to recover .the encoded data from the signal, given the receive “eye
paltern” at the receive electronics. These signal brocessing circuits may include the
ability to pe_rfqrm inverse transformation on the encoded signals, either before
transmission or after receptio.n, in order to remove the freqdency-dependént. ,
intersymbol interference. The low-frequency roll off requirement is given by the
lowest frequency that needs to be transmittéd through the coupler as dictated by the

physical |ayer code and the channel bit-error reliability. As the conveyed data speed
13



frequency bandwi dth to convey the data |ink code's |owest-frequency

conponents. Figure 9 illustrates a bl ock diagram show ng the main functions
of a preferred enbodinment of a typical cubical subsystem brick. The
subsystem includes an 8-port, |owlatency packet-based switch chip 90 that

is bi-directionally connected to six half-couplers 91-96 and an internal
processor 97 through a Network Interface Chip (NIC) 98. In addition, the
switch 90 is connected to an external network through a Media Access
Controller (MAC) 91 and an Encoder/ Decoder (ENDEC) and
Serializer/Deserializer (SERDES) chip 92. This connection is typically
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and up to the differential halft-couplers. The transm ssion I'i1ne can be two

separat epwslle gpemoeonteht balabl1es; (5389 x @82 a6 Leg e - pai r coaxi al . cabl e;
100-ohmtwi sted pair of wires; or a tw n-ax coaxial cable.. A differential
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current. or ot her conmmon- rmde currents w cause unwant ed
noi se iwafergeindingemathimedi ofengnesatolsiagnalof Yald @afinue\Ehicronebebefdr are

typically under 1 V peak-to-peak. _

over the necessary pad area. This is done to minimize-the size of the unwanted
_res‘UIting air gap between opposing capacitive half couplers. Because the coupler
can be modeled as two capacitors in series -- the first, Ca, due to'the dielectric of any

. air and the 'second, Ceoaiing, due to the dielectric coating over the pads -- the overalt |

. appreximate capacitance. of a cap_acitive coupler, calculable by 1/ ( 1/Cair + 2/Ccoating), -
approaches the value of Cy; and can not exceed C.q, even as Ceoning iNCreases
without limit. However. higher dielectric film pérmittivilies, and thus higher Ccoaing,
are preferred as they result in a fotal capacitance that more closely approaches the
__é:aplacitance determined by the air gap, C,i. The typical capacitance developed

'_ between contacting half-couplers, de'pending on their size and the flatness of the

ceramic substrates, ranges to between 20 to 100 picoFarads.

In addition to Alumina, another preferred material for the coupler'substrate is
a flexible kapton film, in plaee of the rigid ceramic plate. An advantage of a kapfon
film substrate is that it need not be precisely planar but only heeds to conform with its

.opposing, flexible kapton half _coU'pler.

As for the dielectric coating over the metallic pads, in addition to Dupont QM44,

other high-dielectric materials may be used such as barium titanate which is
14



Furthernore, a capacitive coupler is designed such that its frequency
‘response is as non-attenuating as reasonably achi evabl e over the expected
operating regine, typically fora frequency pass band from 100 MHZ to 7 GHz.
The high-frequency roll off requirenent is determned by the ability of the
receive electronics and to recover the encoded data fromthe signal, given
the receive "eye pattern” at the receive electronics. These signal
processing circuits nmay include the ability to performinverse
transformation on the encoded signals, either before transm ssion or after
reception, in order to renove the frequency-dependent, intersynbol

i nt er f er aitariunt-bridedyadedeaticenay a ldmbctfit cohS@wt FATRRY frbf 80 Y60 by the
| owest frequency that needs to be transmtted throudgh the coupler as
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gi gabi t/second signal (with 320-ps~bit-ce oes n have
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In the preferred enbodi ments of the invention, during construction~and
before pirdcthepppositetig rewvﬂngldadsoufpgtﬁe:10%hb”ﬂ/s’l@f)ﬁm@ﬁéﬁ @hfhddimant dfeke usi ng
standard silicon wafer grinding machinery to.a flatness tolerance of
plus. or ARPaE!IGe ePUPlEnswWih abetligamendweschanisnnacdsaaieys parcsupphang AMight i S
~done to mnimze the size of the unwanted resulting air gap between
opposi ngPess&Ee beheeenite hadheouniers. Beheapads 10@ asomplieted aman Weumivge! ed .as
two capacitors i rb series -- the first, Cair, due to the dielectric of any
substrate 100, which'is mountedin a plastic carrier 101. The plastic carrier 101 is in
turn mounted in an opening in the surface of the subsystem.(not shown). There is a
o _spring mechanism 104 that gently pushes the carrier 101 attached to the substrate
100 in an outward direction from the center of the subsyétem. When two subsystems
| slide past one another, the plastic carrier 101 i_s used to separate the substrates of
the two half-couplers from each other while traveling past each other. The plastic
‘carrier 101 has bumps 106 that push the opposite plastic carrier 102 away from it |
while moving, and then, when in position, fit into depressions (similar 1o depressions
108 shown on carrier 101).in the opposing carrier 102. Depressions 108 in'the
hall-coupler carriers might have a conical shape to guide their opposing bumps into
position more accurately. The plastic carriers 101-102 need some freedom of lateral

movement to accommodate subsystem misalignment.

Itis important to aligh- the opposing pads of a coupler because any
misalignment will decrease the effective capécita_nce of the coupler and reduce ills
perlormance. A misalignmeht of the_ pads lor a differential coupler in the direction of
the positive and negalive pads of a differential half-coupler should not be more than

some fraction of the separation between the positive and negative pads, or else there
15



air and the second, Ccoating, due to the dielectric coating over the pads

-- the overall approximate capacitance. of a capacitive coupler, _
calculable by 1/ (1/Cain + 2/Ccoati” g), approaches the value of Cai, and
can not exceed Cai,, even as Ccoaii" g increases wthout [imt., However,

hi gher dielectric filmpermttivities, and thus higher Ccoating, are
preferred as they result in a total capacitance that nore closely
approaches the capacitance determned by the air gap, C. The typical.
capaci tance devel oped between contacting hal f-couplers, depending on their
size and the flatness of the <ceram c substrates, ranges to between 20 to
100 pi coFailhbis unwaraeldipbsitve tondbatiiegad 80@sIeY. RhféAlgnesertah B alredidh t he
coupler substrate is a flexible kapton film “in place of the rigid ceramc -
pl ate. Anpathenticijar iofthe tkapads of & diffesantial half-eouplet Sladuldtnor ednbt thBR
precisely planar but only needs to conformwth its opposing, flexible
kapt on ha$®mediastion.of fee distanchdo dnglseabundinggedsray the edge e theesstiate, pads,
in addition to Dupont QW4, other high-dielectric naterials may be used

such as b®® MHAN hahia eanasitance of the cauplen isredwiatbamhiedsignal duasita

dielectric_constant ranging from30 to 60. In general, the capacitive half
coupl ers $BPHRYUSEEd on a subsystem's external surfaces so that they just
t ouch opposing hal f-couplers with a 1ight pressure to mnimze any
i nterveni ng ai YWhilaithg prasent nveption hasdeenesationaryrsadin ohd qesyibdeadien t he
surface of a coupler's carrier so that the transmtting pads are aligned
di rect | y '§fy65r¢€ do theepieéereed empopimentsFit guill be L0dstetosd by ghedeskiket in the
enbodi nent  of the capacitive couplers with an alignnment nechani sm and
carriers ﬁ‘rf)&‘aédﬁﬂpyﬁ'ﬁ anges igrerm gingsdatait mas be eadehwitheutidepadirigefirem tiae ..
pads 103 é%rir?t ar;\odmt ed an.an Al um n '

_ of th

scope e invention. a\ccordingly, the disclosed invention is to be
| _cOnsidered merely as illustrative and limited in scope only as specified in thé

appended claims.

16



_Substrate 100, which is nounted in a plastic carrier 10.1.. The plastic
carrier 101 is in turn nounted in an opening in the surface of the
subsystem (not shown).. There is a spring nmechanism 104 that gently pushes
the carrier 101 attached to the substrate 100 in an outward direction from
the center of the subsystem Wen two subsystens slide past one another,
the plastic carrier 101 is used to separate the substrates of the two

hal f-coupl-ers from each, other while traveling past each other. The plastic
carrier 101 has bunps 106 that push the opposite plastic carrier 102 away
fromit while noving, and then, when in position, fit into depressions
(simlar - depressions 108 shown on carrier 101) .in the opposing carrier
102. EEpr&gg?Bﬁ%giﬁﬂpéuﬁ%he hal f - coupl er carriers m ght have a conica
shape to guide their opposing bunps into position nore accurately. The
plastic carriers 10A-cooputeedystemecdmpesiogn of | ateral novenent to
accommodat e subsystem m salignnment. It is inportant to align the opposing

pads of a coupkgilulafgalstedtimefiskal SIS Rted %bcﬁjﬁ&vﬁﬁ&%ﬁet&?%(ﬁef&%&%leof |

capaci tance of the coupler and reduce its perfornance: m sal i gnnen

the pads $orfaced]iat feaseatirstsufacd beeatislitsystinh 86lngoH&fent BR8 cBARIHiINEIANd
negative pads of a differential half-coupler shoul'd not be nore tha sone

fraction afseched segaredi amothet vetesystdin, gash surfeedndubipgat i ve pads, or el se
there 15 will be unwanted positive to negative pad coupling. A msalignnent

in the directign eld@id@yAofoddubang Babsraepads of a differential
hal f-coupl er should not be nore than sone fraction of the distance to any

~“surrounding p - =X : t o_much.that th
capaci tance o_?g ?’ er?é'c':‘%@gla%?%saﬂ&é’%ﬁ@%‘?ﬁﬁé‘gﬁ@seﬁeﬁa‘?f‘ aﬁ‘glﬁl{bﬁgé‘%ﬂﬁpgm_sed,
- | an electrical lead attached to each pad;
wherein two of said pads. respect_ively disposed on the first and second

surfaces, form a capacitive coupler to allow an electrical signal to be conveyed

~between the respective subsystems.

2. The system as in claim 1, wherein the pa"ds are covered by a dielectric
material.
3. The system as in claim 2, wherein the dielectric material has low-loss.

characteristics and a large dielectric constant for improved signal conveyance.

4. The system as in claim 1, wherein the signal is time-varying.
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Whil e the present invention has been particularly shown and described with
reférence to the preferred enbodi nents, it will be understood by those
skilled in the art that various changes in formand detail nay be nade

w t hout departing fromthe spirit and scope of the invention. Accordingly,
t he disclosed invention is to be considered nerely as illustrative and
limted in scope only as specified in the appended clains. 16 What is
claimed is: 1. A conputer systemconprising: a plurality of

t hr ee- di nensi onal subsystens each having one or nore external surfaces, at
| east a first surface of each subsystem being adjacent and conformng to a
second surface of another subsystem each surface including: an

el ectrical ly npn- copgueisiait sxURgIdi fwhardthural ity of electrically
conducti ng pads di sposed on said substrate; and an electrical |ead.

The Tirst ana Geebnd et prEdula"BoRieiRot BaHTve SERRERNA ¥l RBARER °"

electric i conveyed between the respective subsystens. 2. The
systen1agbgghgggkﬁkgfp@%erein the pads are covered by a dielectric
material. 3. The systemas in, clai

2, Wh in.the diel. i C. ial . h
| ow | oss. cha&rlifst Q%qtfv&c%p@ryqt‘&npggw? gpslﬁ{]ﬁlé@%ccg:ﬁg?sgﬁ{eréoéﬂt%:fﬁég ed 2
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ti me-var |h|‘| .

signal.
6. The system as in claim 1, wherein the surfaces are generally flat.

7. The system as in claim 1, wherein:
~ . each subsystem includes electrical circuits; and

the electrical leads of the capacitive couplers on the subsystem are coupled to

- the electrical circuits.
8. The system as in claim 1, wherein:
each pad includes a plurality of vias; and

the electrical leads.are attached to the pads through said vias.

9. The system as in claim 1, wherein the first and second surfaces are in

contact.
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17 5, The systemas in claim1l wherein: the signal is a differential one
"havi'ng"a positive signal and a conplenmentary negative signal; and a first
capaci tive coupl er between two subsystens carries the positive signal
whil e a second capacitive coupler between said two subsystens carries the
negative signal. 6. The systemas in claim1l1, wherein the surfaces are
generally flat. 7. The systemas in claiml, wherein: each subsystem
includes electrical circuits; and the electrical |eads of the capacitive
couplers on the subsystemare coupled to the electrical circuits. 8. The
systemas in claim1, wherein: each pad includes a plurality of vias; and
the el ectrical 19-eadEheisystant as fredatro 1; whepsinl $hd firsdagl seeond sidsce QareThe
systemas jn claiml, wherein the first and second surfaces are in
contact . H6able pagleashnithen as in claim 1, wherein the first and second
~surfaces are slidable past each other. 11. The systemas in claim 10,
wherein the first and second surfaces include neans for aligning the
capacitive couplers. 12. The systemas in claim 10, wherein the first and

second surfaces. ar ghe system as-in claim 10, wherein the first and second surfaces

include means for aligning the capacitive couplers.

12.  The system as in claim 10, wh_erein the first and second surfaces are

held together by a mechanical means.

13.  The system as in claim 1, wherein'each subsystem is a.stor_agé device

- capable of storing, receiving and sending data.

14.  The system as in claim 13, wherein each subsystem includes a plurality

of data-storage disks and supporting .electrical circuits.

15.  The system as in claim 1, wherein each subsystem is a data processing

subsystem.

16. - The system as in claim 1, wherein each subsystem is a data

communications subsystem.

17.  The system as in claim 1, wherein each subsyslem is a cube having six

external surfaces.
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hel d together by a mechanical nmeans. 13. The systemas in claiml, wherein
each’ subsystemis a. storage device capable of storing, receiving and
sendi ng data. 14. The systemas in claim13, wherein each subsystem
includes a plurality of data-storage disks and supporting el ectrical
circuits. 15. The systemas in claim1, wherein each subsystemis a data
processing subsystem 16. The systemas in claim1, wherein each subsystem
is a data communications subsystem 17. The.systemas in claim1, wherein
each subsystemis a cube having six external surfaces. 19 18. A data
storage systemconprising: a plurality data storage subsystens each having
one or nore extl8 nalA datarstarage,systenh e8aiprigirfg: r st surface of each subsystem
bei ng adj acent and conformng to a second surface of another subsystem

each surface i agluci bstr
pl ur aﬂjty of IeI eﬁc?r:'ggdelu?/%é?ﬁ gtgltulbﬁ t |spél}iﬁe(ﬁgéagsﬁ]%ﬁg%%s%'ate; and

an el ect r $urfdcdscatleaist a¢|ﬁ’e§%uﬁﬁc€éf3@aéﬁ1§ub§y§?édﬁ'b'él rgr"\é’%géerﬁghgr%eﬁfjof’r%%]qi ve.

respectively disposed on the first and se

- coupl er tdsatontvsariaed eCanothal sshGRAIm,! QadtesGPANENERdiREt Ween the
respective subsystens. 20

- an electrically non-conducting substrate;

a plurality of electrically conducting pads disoosed on said substrate; and

an electrical lead attached to each pad,

wherein two of said pads, respectlvely disposed on the first and second

surfaces, form a capacmve coupler to allow an electncal signal to be conveyed

between the respective subsystems
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