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invention relates to conputer systens, and nore
particularly, to a scalable conmputer nmade of
subsystens each havi ng capacitive couplers nounted on
subsystem surfaces for communi cation with the adjacent
subsystens. Background of the Invention Conptenporary
conmput er and communi cati ons systens conmonly conprise
several subsystens, each inplenenting one or nore
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Each subsystemincludes its unique electrical and

mechani cal el enments, including printed-circuit wring
board assenbl i es, iml'éﬁhﬂlﬂh%‘_&'dg and connectors,

etc. Each subsystemis outfitted with external ,
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representative contenporary conputing center having
two servers 10 and a data storage 11. The servers 10

i nclude subsyst eBackgrduiid of tife IM@RRSh | N

i ndustry-standar -1 nch racks. e Subsystens 13 of

t Donsptempoearyoniputehand edmimumricaticrisosystéms conaaenly .comprise

The servers 10 and storage 11 are typically in an o
severahsiubsystams,addoh impiémehtieg odata neetcamputaten eecompumication

The subsystenms 12-13 are interconnected with each
functionae Examplasdneludeicoapisasaniessitinteingt Wil sefyess gorage servers,

el ectronic or optical cables 16. AC or DC el %}rLcaI,
and paeketbaspd cINEvINRATIONS SWihes o Bagh spbsystem includes its unique
electrical and mechanical elements, including printed-circuit wiring board assemblies,
internal wiring and connectors, etc. Each subsystem is outfitted with external
connector sockets for communicating with other subsystems and for drawing power.
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
interconnected with each other and to outside communication links through electronic

or optical cables 16. AC or DC electrical power must also be supplied to the
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is typically distributed via under floor cabling 15
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architecture of Figure 1 has several advantages: (1)
t he subsystens may be arbitrarily arranged in the
room subject to cooling and cabling distance
constraints, and (2) the subsystens nmay have different
formfactors. However, this type of packagi ng suffers
from several operational disadvantages: (1) scaling
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sourcdbl e assenblies. These problems contribute to the
overall unreliability of today's high-perfornmnce
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functions need to be expanded. This can occur_ even if
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i nterconnect ca ng and wiring. Gven the | arge
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I's not uncommon that service and support personnel

exparmded. nTisisroantdcgurovereif a systeth sramdesigned tmbteomiTtogate a certain
potential for other errors, such as plugging a cable

degiiestaf growtlon os exarpplectn apnec a/meny sereaitinie a network, additional
unconnect ed, can also occur, particularly when I-%ISt em .

coma’pgngatpqgmah}g:@ nged tebe goapected to a network switch. wever, if the

switch is fully allocated at capacity with insufficient free network ports, the upgrade
becomes difficult and costly, particularly if the system must remain operational while
the expansion is performed.

The second disadvantage of current computer and communications systems
is the management 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
unconnected, 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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qui ckly. For optical cables, one nust select the
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di sadvant age of current conputer and comruni cations

systens is the unreliability of connectors.

El ectrical connectors can degrade over tine due to

mcro-fretting wear, which can |lead to corrosion. As a

metal connector corrodes, its electrical resistance

i ncreases, causing intermttent or hard failures in
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cables are typically designed to meet certain system parameters, they are not always

manufactured to such tolerances.

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

The above disadvantages contribute to the unreliability, inflexibility, and high
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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systens. Therefore, there remains a need for a

nodul ar conputer systemthat has reliable and sinple
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and is easy to expand and service. Sunmary of the

I nvention An object of the invention is a reliable

design for conputer systens that elimnates

intorGRAERbA IR |<REREaNaRIaGRRliES, for subsystem

nrca | ect the invention is a
conmput er systemthat can be easily expanded in terns
of functions and capacity with mnimum di sruption to

its operation. A QimArky oPtheInwéntibg | nvention is a
hi ghl y conpact de§T§ﬁ'TB¥“EEﬁﬁUT§T——§Vstens to reduce
ogPbbjgck ohiherihvemionmis enatiable dasigrefamubneputer systems that
costs. A yet another object of the invention is the
elimiadiekiconventigmel ciooattiprs ase cablasdor sulpsystameoyynanigations.
into and fromthe conputer systems with on
s tAngtiger oljectiefihe imvantion.is aconapiitet §y$tﬁ€st@a¥ﬁan berrasily
obj ect s, the present inventjon provides
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enbo e invention, cubical subsystens are
moticieed to inplenment the computer system Each

capaci tive coupler includes two hal f-couplers where

edahadtible thmspelsard other objects, the present invention provides a computer

system made up of subsystems, or “bricks”, arranged together such that adjacent
subsystems communicate with each other via surface-mounted capacitive couplers
located on the subsystem surfaces. The subsystems may be arranged into a
two-dimensional or three-dimensional structure to perform general-purpose
computing, data storage, and network communications, or a combination of such
functions. In a preferred embodiment of the invention, cubical subsystems are used
to implement the computer system.

Each capacitive coupler includes two half-couplers where each half-coupler is
located on an external surface of a subsystem. 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

4



| ocated on an external surface of a subsystem Each

hal f - coupl er includes an electrically non-conducting
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the substrate where the pads are coupled to the

carrying subsystem s electrical circuits through

el ectrically conducting | eads. To inprove the
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bet ween the subsystens, the pads are covered with a
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signalue prefdratya diffévehtialcsigimd] ehat ihclades achosiissighgnml £ negative
used to carry the positive and negative signals.

(complersented) signdt Twe paet ¢om adhatfecaapler) front éacresubsybtepadre used
pair. Differential transmtting and receiving circuits

to casiyéhe poisiivel ancbnegative signalsie Thesa twaipadsraye aeigrred to as a
recei ving half-couplers on each subsystemto support

differeptalpad Bakntial signals transmtted and received by
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subs{gtbf. C Qe stgRal mmta@amtcﬁfé@ﬁbnamgﬁéﬁor through a
twork Interface chip. In addition, the switch is
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Access Controller (MAC) and an Encoder/ Decoder
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subsystem provides a !total bandw dth of 20 G gabytes
8-por,5é}aci<§§-§ﬁ§eqi gwitely chipthatistoirdirestigrallytaamnnected tosix half-couplers

and an internal processor through a Network Interface chip. In addition, the swiich is
connected to an external network through a Media Access Controller (MAC) and an
Encoder/Decoder (ENDEC) and Serializer/Deserializer (SERDES) chip. The
subsystem provides a ‘total bandwidth of 20 Gigabytes per second in and out of the
subsystem.

In order to have an effective capacitive coupling between two adjacent
subsystem's, a light pressure is preferably provided to hold the opposing
half-couplers together, using a spring mechanism. In addition, the half-couplers are
typically mounted on non-conducting carriers that have bumps and depressions so
that the conducting pads are properly aligned across the opposing half-couplers

effectively.
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typi cal configuration of prior art conputer and
comuni cations systens. Figure 2 shows a scal abl e
t hr ee-di nensi onal conputer systemin accordance wth
the invention. Figure 3 depicts a preferred enbodi nent
of a wal | -nounted scalable tmo dlnen5|onal conput er

or comuni cat i oBgie ! Figure 4
QWS an exanp of two adj acent subsystem bri cks vvlth
h@gpre él"i%@&es 66&%@'&@”&%@89\9 iof OrighAft- Hptef and
q g to the invention. Figure 5 illustrates an
Com@%@}ﬁﬁ‘l' YRS ectrical Iy conducti ng pads for the
capacitive couplers of the invention. ure 6 depicts

a [SiodEe gisbawsta scalablpdhrestdimensignat competersysiernilpaegordance
accgrdance with the invention. Figure 7 shows a
with mf‘p'”V?BW'&f a differential capacitive half-coupler in
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-couplers according to the invention.

Figure 5 illustrates an example 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 illustrates a representative wiring between the electrically conducting

differential pads and the subsystem electronics in accordance with the invention.

Figure 9 is a block diagram showing the subsystem circuit functions of a



accordance with the invention. Figure 8 illustrates a

representative wiring between the electrically
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el ectronics in accordance with the invention. Figure

9 is a block diagram show ng the subsystemcircuit
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preferred enbodi nent for a cubical subsystem

accordance to the invention. Figure 10 illustrates an
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hah‘%@ﬁg@ %'ggﬁﬂﬁéﬁa' subsyst ens, aI so referred to as

Vi ng capacitive half-couplers on its
external surfaces for comunicating with the
surroundi ng subsystens. Although capacitive couplers
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In con one sur ace

exte?s’r{%‘snﬁécéé‘ R?rycﬂiﬁrﬁ"ﬂunﬁ%’tm?wmh@ surfoun @&ysiéiﬁs Although

system 20 is 1n confact wth the subsystens 2
capdditivelsBupidrs draalseabsdestabe e inveAtibmCotHEefypes vt c@ﬂplers might
nore capacitive half-couplers 25 which will be
be adeptetifbeithe syst@nhaiof tl’reahwmtlcfashch asbptistlaoupkrei Gigurd2 shows
a data processing unit (server a data storage unit,
a preferradtenalpadiment of &, scalabi® threetdh ene@mphc@mputgr@vé@m of the
functions. Through the alignnent of the capaciti

inveRtigr. - J&mx&t@mzecluﬂﬁé nayltiRlo SubR¥stems 49 stacked 5@99’[8%0 that
each SLﬁ)syspt—E‘pnl'nJ as a? Ii]east one surface that is in close proximity or in contact with at

least one surface of another subsystem. For example, in Figure 2, the subsystem 20
is in contact with the subsystems 21 through 23. Each subsystem surface includes
one or more capacitive half-couplers 25 which will be described in detail below. Each
subsystem 20 might be a data processing unit (server), a data storage unit, a
networking unit, or some other computer-related functions. Through the alignment of
the capacitive half-couplers 25, the subsystems 20 together perform the computation
or communication functions of the whole system without conventional cables 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 subsystems and

through which power is delivered to the subsystems with power connection 26. The
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or conmuni cation functions of the whole system w t hout
conventional cables and connectors between them In a
w@e@hess2ee enbodi nent of the invention, the subGHESEMNE030130
20 reside on a support base 24 to provi de nechanica
structural support for the subsystens and through
whi ch power is delivered to the subsystens wth power
connection 26. The 7 WD 2004/034240 PCT/ US2003/ 030130
base 24 may al so accommbdat e connection 27 to ot her
systens or an external comrunications networKk.
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structure suc y are physically very close to

heat@éﬁbré!é@b? the sUiBEYRteAR (Abt sShevdmaci tive coupl ers
bet ween hem In addition, to forma useful conputer

orTHéO%l%%nyEféﬁé 8f‘fhe§¥§ér‘ﬁmn ér@l%rra?'@é@’lﬁ ta%(}hﬂftiu‘é!‘s’%cﬁ{tﬁat they are

arran I'n a two-di nensional o hr ee- di nensi ona

physﬁ,taﬂ#' GEHS Sosé o Bach QHEND Thia® opBfable BRBACIfe SBUPNKE IB&ween
surtaces in contact wth other subsystem surfaces.

themAl Irhaddifioh e formfeussfdl eorhpdierentomimirieationssystem, the
Figure 2 is made up of cubical subsystens 20 with six

subsgstehbrckseaeharranded inba twd-dhemsionalrar thresadinperssionsl structure
For exanple, the shape of a subsystem may be a

S0 ag to maxjulize the member ogsmbsystfaﬁaswiaqeﬁn mm%ﬁ méth giherssHbsystem
(ei ght surfaces), or a dodecahedron (twelve, surfaces).

surfacpguAdthgugh the preferredamiadimentobihednyvagtion Wen%'gef%f Is made

N M
possBEZPO oV e JiReB BT SoBRRIEGLIED Bl e
sutelsE ATRGEFATSe B SuAdh 9D AEEYRSE (U8 Bureces)

o PR oGPt RO Sla T Rro T ees)syryoroms
in WP B $ubdstem$ 3andte attached to a support wall 30. The support wall 30
has power connection 33 through which power is delivered to the subsystems. Each
subsystems 31 communicates with its adjacent subsystems through couplers 32. To
provide sufficient alignment between opposing half-couplers, mechanical 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 may 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 for clarity) 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



to hold the subsystens 31 together. In addition,

interlocking or alignnment nmeans such as surface bunps
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hal f-coupl ers are properly positioned, aligned, and

touchi ng each other. Figure 4 shows two adj acent

subsystens 40 and 41 (separated for clarity) with

their half-couplers 42 and 43, respectively. The

hal f-coupl ers 42 and 43 are |ocated on the subsystem

surfaces 48 and 49, and are electrically connected to
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coug er %’o support conmuni cati ons between the
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e S
4 Shﬁ‘gﬁ Pﬁgloé‘ug%\égﬁﬁ‘?‘?kﬁd i orfHé r%lf%_ﬁ%ﬂ%léﬁiz BAd a%eceiNef B 45 on the

arity. ransmtting

half-B8liple£ 29 %ﬁéla@. iFhd ﬁﬁﬁérﬁﬁtiﬁq:hélh@oﬁplbf a26s |obated on the surface
subsystem 40. The receiving hal f-coupler 43 is | ocated

48 oP Bubbdystert 40 CEhe Beiving haycoupler 43. is Toeatbdloh-the sptace 49 of
42 conveys electrical signals to the hal f-coupler 43.

subslstese 4di dgited kalceuplemd2\canyeysyelestricah sigoalsitotthe half-coupler 43.
i nformati on bei ng communi cated between the subsystens
Thesgsignalsare tire-vanpng ferensedingrthareformatien bging,earamynicated
typically transmt and receive electrical signals in
betwgienrthe shbpystemsy 49 andél. a conpl enentary pair  of
positive signal and negative signal. Thus, two pairs
of Fpridipraved peddevance,dbe subsystemsftgpieally wangmiead receive
bet ween the'd?r&posi_ng hal f - coupl ers on two _sul?sys,t,errs,
electricglLisignalsiin (diffareatialdorm, ief-f & 6PBIRIGrAENtALY Ra|r Of pasitive signal and
coupl. er to'_sup ort differential s
[

negafjversignalt i Thus, two pairs of pads are neeciigc? ?ol i:gr%iey-rart] Sifferential signal
between the opposing half-couplers on two subsystems. Figure 5 illustrates a
differential capacitive coupler to support differential signaling. The differential
capacitive coupler comprises half-couplers 52 and 53. The half-coupler 52 includes
differential pad pair 54 and 55, which are connected to subsystem leads 50 and 51,
respectively. The half-coupler 53 includes opposing differential pad pair 56 and 57,
which are connected to subsystem 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 differential signal.

Figure 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. It includes an electrically

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



capaci tive coupler conprises half-couplers 52 and 53.
The hal f-coupler 52 includes differential pad pair 54
war@455424mhi ch are connected to subsystem | eadBCBHOSZ081030130
51, respectively. The hal f-coupler 53 includes
opposing differential pad pair 56 and 57, which are
connected to subsystem | eads 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 differential signal. Figure 6
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2004/ 034240 PCT/ US2003/ 030130 substrate 60. The

leadg®iB3at4 hfe catedidd nthebdetilic saie6 d2hroughesmallvias 66 in the

| ayer of insulating dielectric material 65, and are
substabmect ed to the subsystemcircuits (not shown)
t hrough electrically conducting | eads 63 and 64,

I el pidfe bl enfts@difienb by thetiftentldndsh&Bcbdplar B designed and
connected to the netallic pads 61-62 through snall

manufaeturéd using hetarsderd} malttlayén thick:firhe screeneprind¢girosess ceramic
of the invention, a half-coupler is designed and

modotkenethoologgd Tikei subsirade 60 dmFigurendlisimads of Alumina and is Tmm
thick-film screen-print-process ceramc

dul

thick. Bimatedglic paide 6duiis arapeigeblymarg @i siler aliaglien yith a 7-
micrgh dgKaSE, aBIS CIPRRTG FORNIG, B9 Roaid b At prstalizable,
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condBHl 14Tl A Rl A B et mpri
DuPbht Efé.’&?r%ﬁic%b@alm el“ﬁé‘ﬁieleﬁter &S AIeEv et 1RE Rigsican provide about

material IS Pont El ectronics 4. The dielectric

500 YOSt dIdtrastglic HidehRyES(ESD) isslauon @eabadt(or $000 V isdtween
el ectrostatic discharge (ESD) isolation per pad (or
diffeldHi¥i@al paibpadekmnd 1 Megaohm of resistance. 1t is assumed that the

subsystem electronics provides additional ESD input series protection.

When two capacitive half-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
time-varying signal is electromagnetically 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



differential pair pads), and 1 Megaohm of resistance.

It is assuned that the subsystem electronics provides
w@odaisvsamal ESD i nput series protection. Wien PEDUS2003/030130

capacitive hal f-couplers are properly aligned to form

a capacitive coupler, the dielectric coating 65 is

preferably in light physical contact with the

di el ectric coating of the opposing half coupler. The

close proximty of the differential netallic -pads

and the dielectric coatings, and any undesirable
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71-72 are typical nm on each side

and B esicah/ iadiuds ul@l%frhﬁ%fleétl‘tﬁu@ﬁrdmm%@éﬁd 81, re%ﬁ)@ctlvely, for
negative pad 72 is typically in the range of 2 to

providing déingputingBand cosimaiestion fanefiens as distusdedeatlieof The
multiple differential capacitive couplers between two
diﬁereuﬁalmcbmair%am t sibsystersiAdarcolpcgtedeon Theehalitooypleefe. The
B typically include internal electronics
dlffer@nti@lma%p%s 8aof 4. sulesystarn iB/are/located on 818 balirgoupler 81. The

ut i n and conmuni cation functi onslgg dj scu sed

transaaﬁrﬁgaal -aaiplerg; ofithe sHPSYae ML apR FPUPied tgithe gu bsyster
cloctfiear frpUsR s B e st 8y de ypEifarigiangalSad pairs of
tno BRAE 21 BB PRH B BB Ao BB TPy ppcorer
circuf? @bsxeiﬁmggy e@gg@ﬁﬂ;@%ﬁfg g%t it &ggagldggféagrs of the

circult
subsystem B are coupled to its electronics 84 through a transmitter circuit 85 and

receiver circuit 89, respectively. Note 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 connected to the transmitter 88 of
the subsystem 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 simultaneously. 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
1



the subsystem A are coupled to the subsystem

el ectronics 86 through a receiver circuit 87.
w@Rovktloanhy, the transmtting and receiving di f PET/ER1003030130

pad pairs of the subsystemB are coupled to its

el ectronics 84 through a transmtter circuit 85 and

receiver circuit 89, respectively. Note that the

receiving pad pairs 82 of the subsystem A are

opposite the transmtting pad pairs 83 of the

subsystem B. Since there are four differential pad
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irection, four channels are available to retcelve

Gigabis/getomdnrid sy stissyskerh ansluizss By sedepidrslitdithe subsystem. I
remaining differential pad pairs. The nunber of

eachtdifievemtial inegise8 B 10B@ricoded, the @ggesgate usabiEhbandvsidtt lestween a
depends on the required subsysteminterconnect
pair ofsubsysiems vith theselfdud bhditectdwal channigs 2900/Gigalitdsecond, or
PCT/ US2003/ 030130 by the subsystem el ectronics. For
2.5 Gigages/serendach pad or wire pair is capable of 3.125
G gabi ts/second, then the aggregate bandw dth per a
col@ lealf-sofipler 80wandioneey toihe! hali-tdwplen81 af Figunes8 ore or more
12.5 Ghits/second. Bidirectionally, that is 12.5
sepa@tgabit-serigkdaiachannelstaseowlimg {esa packeidoasedscommunications data
. Ghits/second out of the subsystem If each o
link pipysicat layer alandard sushais Bibermeicbibee) Chanaeh gy irfijiBand.
usabl e bandwi dth between a pair of subsystens with
t Hedlee praferrpd-ahbedimeotsadf tbhamverition & i2@ssumed that the physical
a gabi ts/second, or 2.5 G gabytes/second. The
layerig ppsed ap| it-seial c8R/10Brdaig engoding, Ranfrebsupgpeera anst

diterefieriaon et Ry 4 605 pReRal 2BAELI0R sRRaANgssee far sxample,
BytefBl Bt B BRNREF o TS g ARSRE S RS FRarEHRSE8F bode,
U.S. Patent 4,486,739. A receive clock may be derived from the received serial data
stream by the subsystem electronics. Other data link and physical layer protocols
might be used, although in general the capacitive coupler requires a sufficient

frequency 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 cubical subsystem brick. The subsystem includes an 8-port,
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) 28. 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



In the preferred enbodi nents of the invention, it is
assuned that the physical I|ayer is based on

whea4seni@l , 8B/ 1 OB data encodi ng, non-retur NPCDUKINE030130
and differential voltage |levels. For a description of
an 8B/1 OB encodi ng, see, for exanple, "Byte-Oiented
DC- bal anced (0,4) 8B/1 OB Partitioned Bl ock
Transm ssion Code," U.S. Patent 4,486,739. A receive
clock may be derived fromthe received serial data
stream by the subsystemelectronics. OQther data |ink
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ectronics, rou e-palr transm ssion
peakaBthak. t 0 the di ffer ent i aI hal f - coupl ers. The
transm ssion |ine can be two separate, 50-ohm coaxi al

SO SRl UGO8l bk ovenc
response is as non-attenuating as reasonably achievable over the expected
operating regime, typically for a frequency pass band from 100 MHZ to 7 GHz. The
high-frequency roll off requirement is determined by the ability of the receive
electronics and to recover the encoded data from the signal, given the receive “eye
pattern” at the receive electronics. These signal processing circuits may include the
ability to perform inverse transformation on the encoded signals, either before
transmission or after reception, in order to remove the frequency-dependent,
intersymbol interference. The low-frequency roll off requirement is given by the
lowest frequency that needs to be transmitted through the coupler as dictated by the

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



tw n-ax coaxial cable. A differential signaling pair

of wres is preferred because it conveys
web@ansoamgneti c signals over the two wires aneCT/O8m03)680130

the coupler via a propagating el ectromagnetic wave

wi t hout conveyi ng any significant ground return

current or other comon-node currents which coul d

possi bly cause unwanted noise interference. The

differential signal voltage levels preferred are

typically under 1 V peak-to-peak. Furthernore, a
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pad depesitigmitbe haiftcauptar eminarsicbsteate fis eqlt@hussm@ standerrd silicon
requi rement is given by the |owest frequency_that

wafer; ggngingomgehineshion flatagss ml@@gwetqt@%ebnm%a% microns or better
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a code’s re are neve nore
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air af\ﬁ e E'%&‘éﬁ& ‘écoé{.Pg, Blé Q%ﬂ{&%@feci‘iggg?%gg{%%ﬁghg Irbéxgig the overall

apperrﬁéte%&@a@ﬁarﬁbet offéed:dpa&it%hﬁﬂumbreéal&gtad@bw / (1/Cair + 2/Cooating)s

significant |ow frequency content below 1 / ((5+5) x
apprbadiZestble wal(a 2f WEZand ban net prxeded Cod evehad Orptsinofeases

the invention, during construction and before
without limit. However, higher 3ielectric film permittivities, and thus higher Ccoating,
are preferred as they result in a total capacitance that more closely approaches the
capacitance determined by the air gap, Car. The typical capacitance developed
between contacting half-couplers, depending 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 place of the rigid ceramic plate. An advantage of a kapton
film substrate is that it need not be precisely planar but only needs to conform with its

opposing, flexible kapton half coupler.

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



pad deposition, the half-coupler Al umna substrate is
mlled using standard silicon wafer grinding

wora@hioseny to a fl atness tol erance of plus or PETUS2083/030130
m crons or better over the necessary pad area. This
Is done to mnimze the size of the unwanted
resulting air gap between opposi ng capacitive half
coupl ers. Because the coupler can be nodeled as two
capacitors in series -- the first, Cair, due to the
dielectric of any air and the second, Ccoating, due
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typi cal capacitance devel oped between contacting

dire¢ily oppesiis thedeceivpamadsg Figurerld) shaws a psgfgriedembodiment of the
fl atness of the ceram c substrates, ranﬁgs t 0 between

capagitiye cadplefs Wik anlignmant srphanizm @ndqaitersor swerikgs a light
o o T S EABL TR B g
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turngﬂ&gﬁ’t@@i?’l‘”'ggﬂ?dgrﬁn%gﬂgggtﬁﬁcefdf% Qth;l‘s@é’rho(Hof‘ﬁgéwn). There is a

oupl er. rt I ectric coating over t

sprirﬁ?h%dﬂa%ié?ﬁqm thét Gty et andeRar 1QWdttachetterthe substrate

gh-dielectric materirals may be used such as barium

1001 haktwarhdiedttion flofn W Silél RHha4UbBYSIEWSANB3NARO EBBsystems
titani um oxi de based and has a dielectric constant

slide pagi ovie noimeBahe plfdic damigret®r sl ysadie semaaatetthe subatrates of
coupl ers are nounted on a subsystenis external )

the svo half-eouplers fram edaatyofhes while dtgvetpg eeishgach other. The plastic
hal f -couplers with a light pressure to mninmze an )

magﬁ(om it

carriet1érvias gmes 1 064ha therppResitariasiicnasiel Hps a

be . . .
while moving, and then, when in position, fit into depressions (similar to depressions

108 shown on carrier 101) in the opposing carrier 102. Depressions 108 in the
half-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.

It is important to align the opposing pads of a coupler because any
misalignment will decrease the effective capacitance of the coupler and reduce its
performance. A misalignment of the pads for a differential coupler in the direction of
the positive and negative 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



provided on the surface of a coupler's carrier so that
the transmtting pads are aligned directly opposite
W b@4/080240 vi ng pads. Figure 10 shows a pref er redI/us2003/030130
enbodi nent of- the capacitive couplers with an
al i gnnent nmechani smand carriers for supplying a |ight
pressure between the hal f-couplers. The pads 103 are
nmounted on an Alumina substrate 100, which is nounted
in a plastic carrier 101. The plastic carrier 101 is
in turn nounted in an opening in the surface of the
will Be pmziresd positive tonsgativeNgdd cogpling. SRmisgligranéatinthe direction
104 that gently pushes the carrier 101 attached to the
perpandiculat © thé@@oipadsrof audifferehtidil halficoaplef sboulchrotdenmer e than
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the substrates of the two half-couplers fromeach
so raygfeinaiing capaciiaace o thrcourigt s ledreed anddhg signal guality
carrier, 101 has bunps 106 that push the opposite
cOMprafsed- carrier 102 away fromit while noving, and
then, when in position, fit into depressions (simlar )
t o Vilsr egireaent invantisiohas baer particetarlyoshowm apg glescribed with

opposi ng carrier 102. Depressions 108 in the ) .
refer@mqe-f@dﬁa|pé¢fe&r§ﬂrqr@b%dlmeg1§, lhwuw%uegwﬁ&.ﬂcj1 By, Hpese gilled in the
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appbB8e§Blairhs. Pperformance. A msalignnment of the pads
for a differential coupler in the direction of the
positive and negative pads of a differenti al
hal f - coupl er shoul d not be nore than sone fraction of
the separation between the positive and negative pads,
or else there 15 WD 2004/ 034240 PCT/ US2003/ 030130 wi |
be unwant ed positive to negative pad coupling. A
m salignment in the direction perpendicular to the
two pads of a differential half-coupler should not be
nore than
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some fraction of the distance to any surroundi ng pads
or the edge of the substrate, or so nmuch that the
w@eapaosf2ance of the coupler is reduced and t hePGT/gRzENN3/030130
qual ity conprom sed. Wile the present invention has
been particularly shown and described with reference
to the preferred enbodinents, it will be understood by
those skilled in the art that various changes in form
and detail may be nade wi thout departing fromthe
spirit and scope of the invention. Accordingly, the
di scl osed invention is to be considered nerely as
Whatisdaimed {& and linited in scope only as specified in
the appended clains. 16 WO 2004/ 034240
PCT/ US2A2hqagessystevatomprigingi ned is: 1. A conputer
system conprising: a plurality of three-dinensiona
s Ubphgraftytof @ireB-dimEnaibril SubsysBInEe etsh @avitly orfdlof MOES external
at least "a first surface of each subsystem being
surfact s @¢ masbafirgt gatfacaiohgatio subsystemrtinsgatijpcendnd conforming to
anot her subsystem each surface including: an
a seebpdisuifaed bf/anathec subsystemg eacihsurface includingir al i ty of
el ectrically conducting pads di sposed on said

subAtdigtigcalignmbn-eohdictingrdubstratesad attached to each
pad; wherein two of said pads, respectively disposed

onagﬂgrrafitilygo?taellﬁﬁvcéa 2 ucﬁH%fglé@@%ﬁs ol%éﬂ‘o"i‘k%ﬁ%%ﬁré( : and

cou ectri signal to be conveye

be e | VE, S ns. 12 2. The system as
i ngﬁﬁi%lﬁt"%? “%ﬁﬂﬁ%ﬁﬁf‘é’ %&%@%‘ie covered by a
dielectric mat_eria(}. ) ) .
wherein two of said pads, respectively 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 pads are covered by a dielectric
material.
3. The system as in claim 2, wh‘erein 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.

17



15 3. The systemas in claim2, wherein the dielectric

material has |lowloss characteristics and a | arge
wale@msne c constant for inproved signal convepEnts2003630130

4. The systemas in claim1, wherein the signal is

time-varying. zo 17 WD 2004/034240 PCT/ US2003/030130

5. The systemas in claiml1l wherein: the signal is a

di fferential one having a positive signal and a

conpl enmentary negative signal; and a first capacitive

coupl er between two subsystens carries the positive

signal while a second capacitive coupler between said

L. SUbPgsGBRenf AL BRIMNEwASEAYI ve Signal. 7 6. The

systemas ih claim1l, wherein the surfaces are

SEIBL A byl o BB 0 SRR bconpiemetan

%ﬂ% iDfalehRgt rical leads of the capacitive couplers on
negyiNe géfgb%ystem are coupled to the electrical circuits.

et eapaStive SaupRy it b syHORIES carfE e Bfsitve sianal
whit@5%e3bhaeapdctife tBGpRAHEMAYPLAE 178 sHb¥)REms carries the negative

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.
14
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.
18

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

. contact.

18
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15

18

18 9. The systemas in claim1, wherein the first and

second surfaces are in contact. 18 WD 2004/ 034240
wWEAA0S2003/ 030130 1 10. The system as in cl aP@T/1152003/030130

wherein the first and second surfaces are 2 slidable

past each other. 3 4 11. The systemas in claiml1l0,

wherein the first and second surfaces 5 include neans

for aligning the capacitive couplers. 6 7 12. The

systemas in claim210, wherein the first and second

surfaces are 8 held together by a nechanical neans. 9

1310.TheThg syetenaasiim claimitlywhereihdheifuistcanchsecarxl/surtages are
_is a storage device capable of storing, receiving and

slidabdpasiganitethel.2 14, The systemas in claim 13,

wherei n each subsystemincludes a plurality of

dat a- st orage di sks and supporting electrical circuits.

15 15. The systemas in claim1, wherein each

Supsy StUBRe is§stenilabdn BIaRRGDS WhereifURE ¥PsdRd séccHel suies
systemas in claiml, wherein each subsystemis a data

inclueiermuans &dri aigairgLibeycipititive couplers.

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

held together by a mechanical means.

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

capabile 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 subsystem is a cube having six

external surfaces.
19



17. The systemas in claim1, wherein each subsystem
is a cube having six external surfaces. 19 WO
wQoe4/0824240 PCT/ US2003/ 030130 18. A data st orEm®sS2003/030130
system conprising: a plurality data storage subsystens
each having one or nore external surfaces, at |east a
first surface of each subsystem bei ng adj acent and
conformng to a second surface of another subsystem
each surface including: an electrically non-conducting
substrate; a plurality of electrically conducting pads
di dBesed\ datasstotagesystenicomprising:an el ectrical | ead
attached to each pad; wherein two of said pads, -
r egpEotalinedatadstoprpasibepsicnts £a6lshading GikCéNfore external
surfaces, forma capacitive coupler to allow an

surfates; @t least adirghsurface dieachsubgpsienbiesing erjddeat and conforming to
respective subsystens 35 36 20
a second surface of another subsystem, each surface including:

an electrically non-conducting substrate;
a plurality of electrically conducting pads disposed on said substrate; and
an electrical lead attached to each pad;

wherein two of said pads, respectively disposed on the first and second
surfaces, form a capacitive coupler to allow an electrical signal to be conveyed

between the respective subsystems
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