A SCALABLE COVPUTER SYSTEM HAVI NG SURFACE- MOUNTED CAPACI TI VE COUPLERS FOR
[NTERCCNNUNFCATLCN Technical Field The present invention relates to
conputer systerns, and nore particularly, to a scal able conputer nmade of
subsystens each having capacitive couplers nmounted on subsystem surfaces
for communication with the adjacent subsystems. Background of the

| nventi on Conpt enporary conputer and conmuni cati ons systens
“commonl y conprise several subsystens,. each inplenenting one or nore
‘conput ati on or communi cation functions. Exanples include conpute servers,
I nternet web servers, storage servers, and packet-based comuni cati ons

. switches. Each subsystem.includes its uni.que electrical and nechanica

el ements, including printed-circuit wiring board assenblies, internal

~wiring and co.%ggéms, etc. Fach subsw?/stem i.s outfitted with external :
. connector soc BLERAMIULEER Sy EM”&MH&GME&@EMW(EU or draw ng
pover. The subsysOAPACITVEQOURCERS FORNTERYOMME fAbRer i’ nmechani cal
structures in the formof industry standard sized racks or customsized
chassis. - Figure 1 illustrates a representative cont enpor ary
conmputing center having two servéeshriGabfidlda data storage 11. The servers

10 i ncl ude suﬁﬁl stens, 12 that are housed i.n i ndustry-standard 19-inch.
racks.. The su égfeeqﬁgt 'fﬁergp“trﬁ@t%sttétcﬁﬁ@mel§Y5d?'@3 adrd particudart tre si ze -

" chassi s. n e re.typically in an environmental ly
- control | e%ﬁn%%]? g'roc eé}'q %ﬂr% (gés?’b %ﬁ’i‘cr‘al]?‘ﬁé" sfixpgouders qyngedon
i Nt er congigsd gb,ﬁmsgnac%qg payial=t : | tion |inks through
electronic gfg opti cal- carbl es Egﬁ&i}éﬂnrp&%cﬁj&eﬁ %Hépg%ﬁ{ﬁe nust al so be
supplied to the subsystens 12-13 and is typically distributed via under
roor cabling 15 from a power :
_ : Background of the Invention

Comptemporary computer and commumcatlons systems commonly compnse -
- seve ral subsystems each implementing one or more computanon or commumcatnon N
functaons Examples mclude compute servers, internet web servers, storage servers,
and packet-based commumcat:ons swﬂches Each subsystem includes its umque
electrical and mechanical elements, including printed-circuit wiring board assembies,
internat wiring and conneclors, etc. Each subsystem is outfitted witlh. externat |
connector sockels for commuhjcaling with other suﬁsystems and for drawihg p-ower;
The subsystems are mounted in-proximity to each other in mechanical structures in-
the form of industry standargi_ sized racks or custom-sized chassié. |
Figure 1 illustrates a repreéenialive éontempora_ry computing cenler having
two servers 10 and a data storage 11. The servers 10 include s.u.bsyst-ems 12 thatare
housed in industry-standard 19-inch racks. The subsystems 13 of the storage 11 are “
housed in a cusiom-sizg chassis. The servers 10 and ‘storage 11 éte typically in an
- environmentally cdnt'rolied data center or server room. The subsystems 12-13 are
interconnécted with each other and to outside communication links thro'ugh electronic

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



.source. The rack/chassi s-based architecture of Figure. .1 has
several advantages: (1) the subsystens may be arbitrarily arranged in the
room subject to cooling and cabling distance constraints, and (2) the
‘subslistens -may have different formfactors. However, this type of '
packagi ng suffers . from several operational disadvantages: (1) scaling
difficulty; (2) cable managenent; (3) connector- unreliability; and (4)
unreliability of wire and cable assenblies. These problens contribute to

- .the overall unreliability of today's high-performance conputer and

_ conmuni cations systens and | ead to increased costs of ownership,

‘mai nt enance, and upgrade of the systemns. The first di sadvantage of
current conputer and conmuni cations systens i's the diffic an ul d
encount er S fame 13yigan s YR H‘ﬁﬁ?’i’éFedfe‘ﬂﬂ 8{‘5%@’05 8@%""[90%0%&8@;%‘%& '
This can occur even if a system was desi gned to acconmbdate a certain
degree of Sg¥66t h. For exanple, to connect 'a new server into a network,
addi tional co ' ' e 3 L CONRRG @l adRaitiesd switch. -
Tovever i1 ¢ he e R o A B T crent
free net ‘“@f}‘ﬁh@%&@stérh@mp%mtrbmg@mfa gl frf the ubdm psubjectso kyolimueartd cul ar |y
it the syst'em nust” remai n” operati onal ile the expansion is perforned.
The ‘secongallinganstantagsahintyane (@) teosphaystersaray bavrdifie et g fagiorens i s
the managenent of interconnect cabli n?' and wiring. Gven the |arge ﬂunber '
of wires Howevabthis type o peoraingsulieseiromispveral opafatighal (RegNARIAGE fraf

service and support personne|l .may incorrectl connegt., or _di,sconnect a
cabl e Thes¢adingsiffiguly &) C@P'ﬁé‘?’a’éﬁﬂeme@,'(éLEW%ét%Pﬂbeg?ﬁ%tyaa'(?g& e into a
wrong subsystem.and l.eavin c .unc ct r 1l
parti cul aP%/@'%mn@{ Qg%ﬂeéﬂdo%ggaqsl%gh%h s:tﬂl[';%’eerﬁerg grrng, Sﬁjljc _;R/P.__ﬁlgo%vecr)%ti cal
cables, o ity D 'stHih- sPeSSputRYRY 518 unications sisitranead
par aneterQ&remﬁw%ﬂcﬁ%&tSWd@éﬁ%&ant agguof -currentunéo_nputﬂ and .
" COMMUNI Cafelb@n§ irkYSd RfcosBs dflvevne ree), inedihtenasceg ind opgediearf she Sysdemsi cal

connectors-can degrade over tine due to mcro-fretting wear, which can
| ead to corrosTlenfirshdisadvantage of surrent GMRBEE YHeOMIMUEICAlINS FyStMs Is

Ot car chmEancyoat SraRFaTEn o Sels aPo I ERs el T oRrS] o

O o1 QUginarcBHS A Gl dBLELIHN | £0foi0RSaLddsitol 1b BotBmBUBIeRiTortaln

addi ti on, ectrical sceivers can fail. These hazards and

failures pesubbof glovaR. iFBEELARSE, LeBhned! amiwtenaniot & oetvidr, addiicnal
The fourth disadvantage of current conputer systens is the unreljiability -
and cost’ edmmablcation Bablhs abet torbeednneateddpa reivork awiteh. Soyveyer.fhdgen. - -

 Gabl o5 capmiie (B HERAGEH PO IR B e OV TGl BT R 1 adi us
5 et A 580, AR 3 VTR e B Bipeal oSyt o
the expansion is performed. _ _ | ' ,
| The second disadvantage of current computér 'and cbmmunicétidhs systéms
is the management of interconnect cabling and wiring. Given the le_alrge number of
vﬁres arid cablesina computer facility. it is not uncommon tﬁat service and suppoﬂ
| personnel may incorreclly connect or disconnect a cable. The poteniial for other
| :errors, such as plugging a cable'into a wrong subsystem a_nd-. feaving a cable

unconnected, can also oceur, particularly when system operation must be restored

quickly. For optical cables, one must select the proper speed, waveiength, and
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El ectrical cables may al so carry undesirable shield or ground currents

- between 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 unwant ed
shield, ground, or signal currents can cause intermttent or hard errors
in the communication between the subsystens, resulting in transient or
hard failures in the whole systens. ' The above di sadvant ages -
contribute to the unreliability, inflexibility, and high. cost of

owner ship of existing conputer and communi cati ons systens. Therefore, :
"there'renﬁ a need for a nodul ar conputer systemthat has reliable and
si npl e nggﬁﬁﬁﬁgp? 5 and is easy to expand and service. Summary of the

I ti bl
deeson (o cont TR ERRLRCRE of Birorh YA pLRR RS Elm R RERACG SRt b 0 S
cabl es f O{he%méﬁ’aﬁlﬁﬂbic&mﬁéaﬂo?@t E88cal conneotorS EAAeGRI e trhB @by ent i on

al so seek to provi a conputer systemthat can be easily expanded in

terns of rhwno-ﬁneﬂnr@wm‘ ‘®hiehchhYeall tblrofosibMU AL G raetaptdrmaciopcdricdedpies at | on

- Enbodi nents of the invention further seek to provi de a highly conpact

desi gn f celecionpluesistapys ireneases, cagingdntergsenigorddpptailuresimihetsyatence, space
and ownership costs. I'n addition, enbodi nents of the invention seek-
to provi dePiid canagters nagy %V’é‘%@&ﬂ'ﬁ? Iﬁﬁg%rqr CaRtTRaed BY SRR PEQERESS nto and

* hoor di ng e 41 G aben e i Al ekl PRBREARE conput er
system cQpRidsh B8 can fail. These hazards and failures result in an increased cost of
maintenance for the system. | '
_ The fourth disadvantage of current computer systems is the unrellablhry and
- cost of cables. Both electrical and optical cabies can be broken, cracked, bent, _
compressed, or otherwise mishandled. Glass-based optical cables can also be
damaged if stepped on or if the maximum bending radius is‘exceeded. Although
, cables are typically designed to meel certam system paramelers, they are not: always .
manufactured to such tolerances. ‘

Electrical cables may also carry undesirable shield or ground curients
between subsystems with chassié grounds or signal grounds at diﬂe}enl electrical
potentials, particularly when the-subsystems are powered from different AC branbh
circuits. Cables can also und_e'sirably pick up external electromagnetic inlerference
or electrostatic discharges. These unwanted shield, ground, or signal currents can
cause intermittent or hard errors in the commﬁnic':ation between the éub__systems,
resulting in tranéient or hard failures in the whole systems.

The above disadvantages contribule to the 'unfeliabi-Iity, inflexibility, and h'igh.
cost of ownership of éxisting computer and communicatiohs systemé. Therefore,

. there rem_a_ins a need for a modular computer systém that has reliable and simple
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a plurality of three-di mensional subsystens each having one or nore
external surfaces, at least a first surface of each subsystem bei ng

adj acent and conform ng to a second surface of another subsystem each
surface including: an electrically non-conducting substrate; a
plurality of electrically conducting pads di sposed on said substrate,
wherein the pads are covered by a dielectric material; and an el ectrical
| ead at t adMEEFOPREGARIASHE easy to expagthah®seviedw of sai d pads, respectively
di sposed on the first and second surfaces, forma capacitive coupler to
allow a tinme-varying electrical signal to be conveyed between the

respective subsystens, and the dielectri g nﬁt erial has | owloss
characteristics and a | arge diel L i mproved signal
conveyance. According to a second aspect of the invention, there is
provi ded a dat £YEQQ§1|“B§{§S ﬁéh%mvéﬁiimﬁ@krtg'mwide a fe@béﬁ design foj compytera

storage subsyste vi ng _one. or, nore gxtern fa es, | east a
i rot our FHRETS; BloR QUBLY S SRVBAING! T BECHS aid COMeS: ifng-Bo/ 48 econd
surface o%oamthﬁﬁoﬁybsystenl each surface i ncl udi ng: an electrlcally

non- conducting substrate; a plurality of electrically conducti.ng pads
di sposed on saimnlndirsemtabbtheamention else sbek tairoVidad catpatehegst¢ero teichnpad;

be easily expanded in terms of functions and capacity with minimum disruption to its
operation

Embodiments of the invention further seek to provide a highly compact design
for cOmputer systems to reduce ongoihg support, maintenance, space and ownership
costs. '

In addition, embodiments of the invention seek to provide ;[he ability to
physically insert and remove subsystems into and from the computer system's'wi_th
only a straight sliding motion.

~ According to a first aspect of the invention, there is provided a computer
- system comprising: 7 |

a plu.rality of three-dimensional subsystems each having one or more external
surfaces, at least a first surface of each subsysterﬁ beihg adjacént and cdnforming toa
second surface of another subsystem, each surface including:

an electrically non-conducting substrate; |

a plurality of electrically conducting pads disposed on said substrate, wherein
the pads are covered by a di.electric material; and

an electrical lead attached to each pad;

wherein two of said pads, respéctively disposed on the first and second
surfaces, form a capacitive coupler to allow a time-varying electrical signall to be
conveyed between the respective subsystems, and the dielectric material has low-loss
c-harécteristics and a large dielectric constant for improved éignal conveyance.

- According to a second aspect of the invention, there is provided a data storage

system comprising: |



wherein two of said pads, respectively disposed on the first and second
surfaces, forma capacitive coupler to allow an electrical signal to be
‘conveyed between the respective subsystens. According to third
aspect of the invention, there is provided a conputer system conprising:
a plurality of three-di nensional subsystens each having one or nore
external surfaces, at least a first surface of each subsystem being-

adj acent and canpbralivngf et stosegm dulsiysfeasecadh Aadng eanes ab syose eaxferagler ei n

the first and second surfaces arge slidabl st each other, gach surface
| ncl udi ng: UHACEY SLERT aITYPHBHE BorrRIc PG b Bete 20Boo P Paeritpade e

el ectri Ca'&eﬁorﬁ‘tpé'lﬁfé%bf‘&woﬁﬁ&%uﬁb;fgﬁ)&ﬁ?&cﬁ!%uFdee%éiH@ﬁ&:f ate; and an el ectrical
| ead attached to each pad; wherein two of said pads, respectively

di sposed on t hanfdledicaiindosecandtisysdtate®; form a capacitive coupler to

all ow an el ectrical si gnal. to be conveyed between the reqségect_, i %/ﬁ?
subsyst ens. a pluralify o lgrigalysoadeding PRds diseesedn SAESYRNER: A8, there is

brovi ded a COMLGreiSUt el GOIRL el poa, @ PlUrality of
ystens,

t hr ee- di nensi onal ~ subs erern each subsystemis a storage device
capabl e of st oniHegsin rieeesiviehig padd, Tessbchiy aisposéd dne &ih fisst keyis sedonlavi ng
one or nore external -surfaces, at least a first surface of each subsystem
bei ng adj sudagesariamt entepatitivg eplerstecalinw or¢lagtecalf sigimtinebe $GRYSHem
each surf%c i nctlgudi ng:t. an §| e?t rically non-conducting substrate; a
plurality ot Vet 958 ?I‘? % ?P@uec{ﬁ'ng pads di sposed on said substrate; and

According to third aspect of the invention, there is provided a computer systém
c':om-prising: o . | ' 7 .

a plurality of three-dimensional subsystems each having one or more external
surfaces, at least a first surface of each subsystem being adjacent and conforming to a
second surface of another subsystem, wherein the first and second surfaces are
slidable past each other, 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 fwo o.f 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.

According to a fourth aspect of the invention, there is provided a computer
system comprisiﬁg:
| a plurality of three-dimensional subsystems, wherein each subsystem is a
storage device capable of storing, receiving and sending data, and each subsystem
having one or more external surfaces, at least a first surface of each subsystem being
adjacent and conforming to a second surface of another subsystem, éach surface
including: | '

an electrfcally non-conducting éubstrate;

a plurality of electrically conducting pads disposed on said substrate; and
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an electrical |ead attached to each pad; wherein two of said pads,
respectively disposed on the first and second surfaces, forma capacitive
coupler to allow a tine-varying electrical signal to be conveyed between
the respective subsystens. According to a fifth aspect of the
invention, there is provided a conmputer system conprising: - a
plurality of three-dinensional subsystens, wherein each subsystemis a

cube having six external surfaces, and each subsystem having one or nore
external surf ac®Cleqificyl legd@itgched oLaghpidee of each subsystem being

adj acent and CQ:me‘PéiHit\K)&PFsOai@F%%?fé%%eéWemﬁagg%? ﬁrgﬂserfgét adRS¥siEm each

surface including: an electr y non- ubstrate; a plurality
of el ect risuethtas, domt uc tapigitivadudies po stidwon tisai-chrgnd Slachioal sindl &nbe
electrical |ead attached to each pad; wherein two of said pads,
respect i vélePveyedhstrendhe feseeeivestubariiers®econd surfaces, forma capacitive

coupler to all | B- vagMl Lectrical  signal t E vey ween
the respecti ve%\gﬁgrgygr{e%né%% ggpeedéﬁb%%i’ﬁveer@érqoﬁeﬁ% Eoé@gﬁtaeicﬁsn lrafe:i-on
provi de a sgoERiddipregt em nade up of subsystens, or "bricks", arranged
toget her such that adjacent subsystens conmunicate with each other via

sur f ace- nount edh Raphlyiof three-divigsisiong! subsraterds ovherdie egcthsybsysisinsinefeybes. The

b 0 d, i - di i | ¢ h - di i I
SubsYSL TRl 07 A0St B B L IEISL Rl AL RRT

communi cals#hges, 8f leAstGOF JiFhbOBr Qfch by stdi6Eihg Bdjacd M aRd RbRLANNED a

enmbodi ment of the inventi on, cubical subsystenms are used to inplénent the
conput er sgstrehsurface of andisartsubsysden t eéack sodags iecluding:l udes two hal f - coupl ers
where each hal f-coupler is | ocated on an external surface of a subsystem
Each hal f - couplP8rel§atigaiyaen-gpndictieg $4Rsipiey non- conducting substrate, one

e EoSChe Ay SPGBy B Lt ity i pace ore
el ectrically cendigitricagiehéatdschefiao ieapti pa® the transm ssion of electrical
- wherein two of said pads, respectively disposed on the first and second
surfaces, form a oépacitive coupler to allow a time-varying electrical signal td be
conveyed between the respective subsystems. |
Embodiments of the present invention provide a computer system made up of
subsy$temé, 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 genera['—p_lirpbse computing, data storage, and
network communications, or a combination of such functions. 7[n a preferred
embodiment of the rinvention,‘cubical subsystems are used to implement the computer
system.
Each capacitive coupler includes two half-couplers where each half-coupler is
located onran 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 electrica[ circuits

through electrically conducting leads. To improve the transmission of electrical
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signals and provide DC-isolation between the subsystens, the pads are
covered with a lowloss dielectric material that has a high dielectric
~-constant In addition, the signal is preferably a differential signal that
i'nc] udes, a positive S|gnal and a negative (conpl enented) signal. Two pads
(on a half-coupler) fromeach subsystemare used to carry the positive and
negative signals. These two-pads are referred to as a differential pad
‘pair. ' Differential transmitting and receiving circuits are
typically- coupled to the transmitting and receiving half-couplers on each
subsystemto support the differential signals transmtted and received by
the subsystem respectively. The transmtting and receiving circuits are
in turn coupled to the rest of the electronics in the Subsystem The

“'signal i géigndieaad biovitler(BC idottioh betvisalthe subsysterdsnthd pRES AR o6& 8 WhRJ] ment
of the invention, the systémis a three-di nensi-onal conputer system nade

. up of cubra:@w—leao§woymmmeuhw|mmgm|ammmsam 8irpadditionpmgk et - based
switch chip that -directionally connected to si-x half-couplers and an
i nt er nal pﬁ%@é@sﬁf@ bagwfeaemaed ﬂ@ﬁﬂ’d thaliralddesa pasitive signabardi 4 nagativé he

switch is Q. an ter rk through a Medi a Access
Control | e#@ﬁﬁ%ﬁ“ EF&’L’ é'rQ”Eh bmﬁ RI-cRigRIS m&‘rﬂé‘f?h subsystem are used

Seri al i zerd%&;e B;&) subsyst em provi des, a total
‘bandwi dt h o m&%"&@%é‘i‘ﬁg‘? ﬁo&:@% 'Ee § tigPa ?a&er{s%aﬂé%%em

- I'n order Wmfehaital g4y phifective capaciti ve coupling between.two adjacent
subsystems, a |ight pressure is preferably provided to hold the opposi ng

hal f -coupl er's Riffgenitif transsiiigg and Pedeihg ERNRO R pibAly28dhikd Bhet he
. hal f-couplers are typically nmounted on non-conducting carriers.that have

bunps - andr¥RshitiggasAgeeiving hal-touplers odgath aghsyaidm lasapgaripe Ulfﬁér@ltralg ned

across _t he Oa%) g‘zsansnr%meggndcrggg\lreedrgy t%]efsﬁgs;rs\t/tfnll yrespechvely The transmlmng '
-and. recerwng crrcurts arein turn coupled to the rest of the electronics in the '
subsys_tem. 7 The signal mlgh_t be a br—dlrectlonal signal. -

- ln-a' oreferre'd_ _emb_odimen't of'the'in\rerition, the sysfem is e three-dimensiooe!.
comouter system made up of oubica:! subsystems. Each subsystemn includes an
8-port, packet-based switch chip that is oi-dfreotionaily conn_ecied to six Half—couplers
and an infemnal processor through a Network Interface chip.. in addition the switch is
connecled fo an exlernal network through a Medxa Access Controller {MAC) and an
Encoder/Decoder (ENDEC} and Senahzer/Desenalrzer (SEHDES} chrp The -

. subsystem provrdes a iolal bandwrdih of 20 Glgabyies per second in and out of the
subsystem. o '
in order 10 have an effective capacilive-'couoling between two 'adjacent
_ subsystems a light pressure is preferably provided to hold the opposmg
half~couplers togeiher using a spring mechanism, In addmon the halfcouplers are
.ryprcal}y mounted on-non-conducting carriers that have bumps and depressrons S0
thal the conducting pads are properly ahgned across the oppos:ng half- coupfers '

_effectively.



Addi ti onal enbodi nents and advantages of the present invention will be set

forth in the description which follows, and in part will be obvious from

t he descripti on and acconpanyi ng drawing, or nmay be | earned fromthe
practice of thi-s invention. Brief Description of the Draw ng Figure
1 illustrates a typical configuration of prior art conputer and -
comuni cati ons systens. Figure 2 shows a scal able three- di mensi ona
conput er systemin accordance with the invention. Figure a depicts a.
preferred enbodinent of a wall-nounted Scal abl e tmo di mensi onal conputer,
or communi cations system of the invention. Figure 4..shows art

exanpl e of tW adjacent subsystembricks with their ali gned opposi ng

capaci tive hal AddBl ShisodtReas dhddadiddes of MesddePhinvention wilfh&sgie 5
il lustrates an exanple of theelectrically conducting pads for the-

capaci ti viertbdufhleatescriitioh ichifulenis, amnd in part will bé gblisusSrsie fHecdescdptdhde vi ew
of a differential capacitive half-coupler in accordance with the

i nvent i onand accompﬁngw drawirgh onsiag bedf;arw@wroth%praq:tfcwfﬁmmadantloapadl tive
hal f - coupl er in accor dance with the invention. '

Briel Descrlptlon of the Drawznq

Frgure 1 rliustrates a typtcai confrguratlon of pnor art computer and

commumcatlons systems.
Figure 2 shows a scalable three:‘-d.imensienal computer syéfem in raccr_ordance
withthe invention. |
Fsgure 3 deplcts a preferred embodiment of a wall- mounted scalable
two-drmensronal computer or commumcatlons system of the mventton '
Figure 4_'sho\rvs an example of two adjacen! subsystem bricks w:th their
- aligned, opposing capacitive hélf—.cbtjplers accerding to ihe invenfion.
’ Figure 5 illustrates an example of the’ electncally conduct:ng pads for the
capacitive couplers of the. invention. |
Fgure 6 depicts a side view of a drﬁerentla! capacitive half—coup[er in
accordance with the mventron
Figure 7 shows a tqp view of a differential capacitive half-corjpier in

- accordance with the invenlion.

Figure 8 i[!ustrateé a representative wiring between the elecirically conducting

differential pads and the subsyslem electronics in accordance with the inveniion.

Figure 9 is a block diégram showing the subsyetem circuit functions of a



Figure 8 illustrates a representative wiring between the electrically
conducting differential pads and the subsystern electronics in accordance
with the invention. Figure 9 is a block diagram showi ng the subsystem
circuit*functions of-a preferred enbodi ment for a cubi cal subsystem

accordance to the invention. . Figure 10 illustrates an exanpl e of the
al i gnnment and cl anpi ng neans for a hal f-coupler of the invention.
Descripti.on of the Preferred Enbodi nents The invention is a highly

. scal abl e and dense architecture for conputer or communications systens.-
The systems are made up of externally identical subsystens, also referred
to-as "bricks", each having capacitive half-couplers on its external
surfaces for communicating with the surrounding subsystens. Although
capaci t i vereleugl embodimentiud eupicpb sehsysien Recar Ipdhe ingemien. t ypes of
coupl ers m ght be adapted for the systens of the invention, such as
optical- coupl erigureri Qillustriles howsamplerd figy algghrearib edd wkampimf mearsciar abl e

t hr ee- di nensi onal conputer. system of the invention. The system i ncl udes
mul tipl e Sabsyurlenhf heinyealiddd together so that each subsystem has at

| east one surface that is in close proximty or in contact wth at |east
one surface of another subsystem For ex_arrpl e. in Figure 2, the subsystem -

20 is in contact with the sul%s st P t hr 33 ach subsystem surface
i'ncludes one or nore c ‘ w || be described
in_ detail beI Each, subsystem 20 ht be a data processing unit ° :

. (server), grt“& igyesitigyds aﬁvgh'v %WﬁgP@ﬂﬁ@SWFF”E%W eéerr@mﬁﬁé

f h h f th ‘e .
ol T~ cous Oé']r"ﬁ‘t@ Qs BB TS/ ! 85 Pab? T PeBin B BRIt on or
communi cala LHIChb9RSTeRL LSS YRke, SSH BT LABIERaKeRLoRal, Rabl es

and connect bet ween of t

i nvent i orextdrhal suasyS i@ TBrIALTIERING vithNhe sBtPRATitg Hasgsihst AIRGQH de
mechani'cal structural support for the subsystens and thiough which power

i's del i venapacitie coupleralsy ssedrn WStcrb@dwenvmlnne@theotyp%of choplerdomight 24 may

also accaommbdat e connection 27 to ot her stens. or an external -
be adapied forthe systems of the mventron suc as optlcalcoupiers Flgure2shows‘

a preferred embodrment of a_sca!able three-dimensional computer system of the
invention, The system includes multiple subsystems 20 stéc_ked together so that
each subsystém has at least one surface that is in elose proximity orin contact with at
least one s_urfac_e of another subsysiem. For exarhple. in Figure 2, the subsystem 20

"~ is in-contact with the subsysiems 21 through 23.. Each subéyglem surface includes
one or more capacitive half—éouplérs 25 whrch will be described in deléil beléw. Each

‘ 'ésubSYSiem 20 might be a data _prdces'sing unit {server), a data storage unit, a
neﬁvorking unit, or some other compuler-related functions. Through.the raiigriment of

~ the capacrtrve half-couplers 25, the subsystems 20 together perform the computanon
or communicatron functions of the who!e system without convenhona] cables and

c_:onnectors between them:

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

through which power.is delivered to the subsystéms with power connection 26. The
: 7



comuni cations network. Typically, there is also sone nechanism for
renovi ng heat generated by the subsystens (not shown). The
subsystens of the invention are arranged in a structure such that they are.
physically very close to each other to form operabl e capacitive couplers
between them In addition, to forma useful conputer or comrunications
system the subsystem bricks are arranged in a two-di nensional or

t hree-di nensi onal structure so as to-nmaxinize the nunber of subsystem

surfaces i-n contact with other -subsystem surfaces. Al though the prefer red -

enbodi rent of the invention in Figure 2 is. made up of Cubical subsystens
20 with six surfaces each, other brick shapes are also . possible. For
exanpl e, the shape of a subsystem may be a triangular prism(five

sur f aces) basg %mg alsal agsoimenedase ghonestion 22 46 pthes sysietsde camster (t wel ve ..
surfaces). Figure 3 illustrates an exanple of a two-dinensional structure

- of cubi caq:o@fﬁbﬁ'%‘ﬂwfit‘ﬁo%lﬁfﬁ)'qaﬂé iQ@ﬁl?s'?@@é‘r@"ﬁﬂ"ﬁ’FBa%{?m HHeEOVBda support
wal | . 30:. has r connection 33 through which power
“is deli ve'? g@%ﬁ%ﬁ%@ﬂ% K%teméa{g?\tv%%"ﬁ(st ems 31 communicates with its

adj acent - subs stens through couplers 32. To OVI e suffié‘iﬁnt al' i gnnment

bet ween OppOSI h§ SHREYSIRME Bf KiedNverlion & a4ay ﬂi‘:’ﬁ"”ﬁ” B8 Thgy be

d |d b hs,. 3 dth
subsyst enivasaBEyaY AREE ki dhd G ol n‘%P‘é?f?ﬁ%E. Aty B BB s s
s, SUrT agGoBurs A aIeNGRSS] A0SR PR Sk ASHIENS siiAh, MBPOSi ng -

- hal f-couplers are properly. positione ali gned, and touching each other.

Figure 4 s@b%emeaﬂn@manasmtmméas@ngl ot thicsafhmensiethl boactatear i ty)
with their half-couplers 42 and 43, respectivel'y. The hal f-couplers 42 and

43 are | coasddn@ximize tfwm;abemﬁsslhssfsémnsuzt&&snnlcmﬁcmm elhe sébeytemcal |y
connected to the subsxst emcircuits, respectively. The subsystemcircuits

~are onit ts¥da¢e N ieug ﬁh@meéer%m@pafmw of ihe inyRntigN Y y SRS B8 ar e
b ht 't ogeth th 4
capaci 1 VB Tstlfealt PR b hiiteats Sl L DU ShedBidisd o 2
A capaci. %Jogﬁb%gq%lr %&%ﬁgf&pfﬂé%r{?"\? anﬁfbts e?n &y Be%quah@:arﬂp%saﬂﬂv@

hal f - cou Al't gh each f- coup mght 1 nclude b

transni t tserfaces)da h@xmpmhsnsnﬁ(@gh@uﬁfasé@mer mdbgkecmheda:rms(nwetht%urtmelsn4 on
. the half-coupler 42 and a receiver-pad 45 on the half-coupler 43 for
clarity. Figuse Brillusyaiestaneranaple of 8 dw-eimasional pldaitedol sHOCHISUBSYHY®e 48 of

Sty kRS M N R TR RN R A
o DTSRI R WBRD SR N
subsystems 31 communicales with its adjacent subsystems lhrough.couglers 32. To
pr_dvide suﬁiciehfalignmenf between opposing half_-couplers,lmech'anisal_means
‘suchas screws 35 may be used to hold the subsystems 31 to the suppori wall 30 and
to hold the _sub_systéms 31 togethér. fn addition, 'int'erlocking or alignment means
" such as surface bumps and depressions héy be used to assure that opposing

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

' Figure 4 shows two adjacent subsystems 40 and 4_1'(separate_d for.clarity) with
their halt-couplers 42 and 43, respeclively. The half-couplers 42 and 43 are located
.ot the subsystem SUrfaces 48 and 49, and are electrically connecied lo the

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



For inproved performance, the subsystens typically transmt and receive
electrical signals in differential form i.e., a conplenentary pair of
positive signal and negative signal. Thus, two pairs of pads are needed to
convey a differential signal between the opposing half-couplers on two
subsystens. Figure.5 illustrates a differenti'al capacitive coupler to
support differential signaling. The differential capacitive coupler
. conprises half-couplers 52 and 53. The hal f-coupl er 52 includes
~differential pad pair 54 and 55, which are connected to subsystem |l eads 50.
and 51, respectively. The hal f-coupler 53 includes opposing differenti al
_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
di f f-er ent ifaf claiitgn dls.thd bebgyattano48-98 aeobivayht tbgetheodid p@peigaiinedf thehe
differential signal. ' Figure 6 shows a side view of a differentia
pad pair fheH-coupless 424§ fermia chpaditivel cakipler imstinpostoomnagnicitions befwereent i al
pad pair 54-55 i.n Figures. It includes an electrically nonconducting
subst r at e WBOSYIVBeMSt al | i ¢ pads 61 and 62 deposited or affixed to the
substrate 60. The netallic pads 61 and 62 are covered by a very thin |ayer
' of insul ati ngAd¢RBR@liva ¢aupiitcemipaisesBvo parts: ahalfconplecd2dnd ahsleosplbsyst em
rough electrically conducting | eads 63 and 64,

i it t sh t

?Léﬁg'ct ?.V%SSNtﬁeth“fﬂ%a@aﬂgﬁ?f-qur Sug nplugszbolh Hrapgniiett and feseivere. igue |i
Prbodi nent SBPS AR Rismiter By arftnd BRAREVP LA S 4 rsavarentt 8500 et ur od

! . . t - . 1l o , . - .. N . . ] . _ ) .,
USSR e B slag L BB T

1mm t hi ck48 Sheubapsiehl 46 PaslseviriPhalk coupleef48ria Wcutedmsiethe sulade/sd opal | adi um
wth a 7- ,, mcron thickness. The dielectric coating 65 is preferably a
st andar d subpgsielm 4ables haitreaplept2 carydys electical sigmalsliosthe tal-couptat €3.i al
with arelative permttivity or dielectric constant of- 8 to 10, and a

t hi cknessIgiSeAIgnas BreimaxvpRvETadPr Brrading the tHpeEnatisndieing canympiryad -
= ectronilgfg . The di el i oating over the pads can provi de about
500 V of € e%/'?g‘s %%sg&gps‘f‘c‘ﬁ}a?r&%‘ "ESP) isol ation per -pad (or 1000 V :
bet ween differential pair.pads). and 1 Megaohm of resistance. Jt is
nsuned that FRLroBisyEE plrbdEte, B sulsT0r BRI BAERS Eeghenput
seri es prabaatd QnalsiheRcrRiaFRRPACA.] ¥ BofBlehidrtp kel R RRel Lyq al i gned
"to form a capaci {"!Iln\?es lcou_[()al erE, the_’ dé 'e‘?{e(():ft ?{“’c @gﬁkﬁé%é@&ﬁ"s@psrggéé%é ly in
Ii ght physigative signsladthugl o pave dlipetieaid hdededad codveyfa difiereamnerinag hal f
- coupler. The close proximty of the differential nmetallic pads and the

- di el ect rievern thegpposing halfscouplgeson s sutisistemse wiiquge Siikusgales af or ns a
paral | el 7-'fI ate. agaci_tor. e to the capacitors displacenent current, a .
ti me- var iRIe ] Aapacilve soupler shauprer GiliTegtial siovalisd o6 AEBRPERE. t wo
‘ 0ppost ng claﬁ‘laéiﬁ\?eoéﬁﬂp%r%dmprises-hall—couplers 52 and'53. The half-coupler 52 includes
differential pad pair 54 and 56, which are connected to subsystem leads 50 and 51,
'_féSpeci'ively. The half-coupler 53 includes opposing differential pad pair 56 and 57,

which are connecled to 5ubs'ystem leads 58 and 59, respectively. The pads 55 and

57 com)é_y 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 differentiai pad pair for supporting a differential

signal. such as the differential pad pair 54-55 in Figure 5. It includes an electrically

rnonco'nducling substrate 60 with metallic pads 61 and 62 deposited or affixed to the
9 : '



Figure 7 depicts a top view of the differential capacitive half-coupler of
-Figure 6. The netallic pads 71 and 72 are di.sposed on a substrate 70 and
covered by a dielectric material (not shown). Electrical |eads 74 and 75
respectively connect the pads 71 and 72 to a subsystenleiectronlcs 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 enmbodi nent of nmultiple. di fferential capaci tive coupl ers-between
two subsystens A and B, shown side-by-side. The subsystens A and
atypically include |nternal el ectronics circuits 86 and 84, respectlvely
for providing computing and conmuni cati on functions as discussed earlier.
The di f f es@ivdliatd PaThpaneiallidpadé 6t hed ﬁztzﬁgsbmreé\bwae;drpm mgeonf t he
hal f - coupl er 80. The-differential pad pairs 83 of the subsystemB are
| ocat ed oinstlatingdietectnmmiatariaB s, artbare cansedted toifpetsabtytenpirevits (bt t he
subsystem . A are coug!ed to the subsystem el ectronics 86° throu?

transm t t down)tlrgugh giectinady serducing lyads 8 apd §d 'Eifls%caa'eb/mﬂrgfe(ﬁb
-subsyst 20 L9. L heysubsygtem o 86 1t h .
cireu ¢ oyeoRBE e et KSRe T LB R P B o

pai rs of 408 bsystem B are coupled to its electronics 84 through.a
transm-tter CII‘CUI'[ 85 and receiver circuit 89, respectively. Note that

the receivi ngég RO%

e nerr ! ny iR bR S B bR YR, RICoRBREN did a0t ¢ four

di fferent stem A
and four TR §‘?‘§ﬁ3?‘?“ 1P ERBEIE bl R, R AR ok BbuGfodsie st

subsyst erh&ulé mﬁhnei@?alﬂfé@&@_ﬁé@ @r:ﬁﬁqmé badhfide®f paRMiRY aflataihmrom -~ -
subsystem A to subsystem B sinultaneously. In the opposite direction, four

 channel s thick. @vaimablie phds 66 are pleftebly oeds obsiyst palia@itrowibiasirst em A
using the remaining differential pad pairs. The nunber of transmtting and

recei.vi ngviedhiekaess e dielaghipyenabing 5}!}%@(@@9’6@3’@%&’?%@FWé@‘"%%FB%nyst em

~inter angg%[encgnntec? Itﬁ%}( f:? dlet?QCQFIC marlerlaf w%j a reiatlve permat’nwty or dielectric

~ constant of 8 to 10, and a thickness of 7 microns. A preferred dielectiic malenal is.
DuPont Eleclronlcs QM44 The dieiectric coating over the pads can provide about
500 V of electrostahc dtscharge (ESD) isolation per pad {or 1000 V between
dlﬂerenh__al pair pads}. and 1 Megaohm of resistance. 1l is assumed that the B
subsyslem electr_onies provides additional £SD input series protection. -
When two eabacﬂive half-couplers are properly aligned to form a capacitive
coupler, the dielectric coating 65 is preferably in light physical contact with the
. dielectric cealingef the opposing heli coupler. The close proximity of the differential
rﬁetaliic',pads and the dielectric.coalings, and any undesirable intervening-air gep.
forms a parallel-plate capacitor. Due to the capacitor's displacement current, a
time-varying signal is electromagnefically 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



by the subsystem el ectronics. For exanple, if each pad or wire pair is
capabl e of 3.125 G gabits/second, then the aggregate bandwi dth per a
coupler's four unidirectional differential lines is 12.5 Gobits/second. ,
Bidirectionally, that is 12.5 G gabits/second into the subsystemand 12.5
Gbi ts/ second out of the subsystem |f each differential line is 8B/10B
encoded, the aggregate usabl e bandw dth between a pair of subsystens with
- these four bi-directional channels is 20 G gabits/second, or 2.5 .
G gabyt es/second. = The hal f-coupl er 80 -can convey to the half-coupler 81
of. Figure 8 one or nore separate, bit-serial data channels according to a
packet - based communi cations data |ink physical |ayer standard, such as
Et hernet, Fibre Channel, or ILnfiniBand. 1In the preferred enbodi nents of
t he i nventdiglectrit malsriagsotsBOwhakletlicalbadd Tahnd 75 ?ésde@ti\ﬁéy&%@m the
bit-serial, 8E3/10B data encoding, non-return-to-zero, and differenti al
vol t age | @ads g1 aRdi72do desibsygiemateafonias. T8k bO6relimneckiog ofteepadori-gxanpl e;
'"Byte-Oriented DC-bal anced (0.4) 86/106 Partitioned Bl ock Transm ssion
Code, " U. 8 WRicalkS i 4 89N pegach sidee diveseprdinn fa petrceatdhe pesitive pad The ,
recei ved serial data %eg}r,n_b%/H t.-he subsgshsm gl ectronics. O her data |link
and physi E4f f_lpgwp%ﬁ SJYRICHY JALhe@nge 842 12PfWBugh in general the ,
capaci tive -caupler requires a sufficient frequency bandwi dth to convey 'the
data |ink code™'8uiedhilyplratpe qusefeyed smbodisnety of multiple diffptpatial @patitivst r at es
a bl ock djiaasam wing th in functions of . referred enmbodi nent of a
typi cal ch@%&%ﬁ b§Bﬁ%‘%}‘s@"@rﬁ@??@ﬁmsﬁﬁniﬁbé]wrbﬁ?'ﬁ&sﬂf%esﬁ'ﬁrﬁuﬁ’%ﬂ?'ﬂ‘? A |
| ow | at en -k S\ in. 90, k b dir i ly connected -
o si x har o Barsray dg ik peheriER i it o8 2nd b e Bk ATIO o Retwor k-
| nt er f ac eprichicimg(dShiputifg.andtoathfiitic&tidn fiMRioRWak Gisc88sdfofi@iNgeked to an
external network through a Media Access Controller (MAC) 91 and an
Encoder / Détierastial PENDECE 82naf tisesitadystear ARes tcatdd arethe HBERDEREr 80 Ph82. This
-connection is typically |located on the external surface of .an outside =
subsyst endifi¢reatial pag g &3 of dkg suksysied Base ngatagon thamelfexapipr 81.pAbanet er s
. from abov? for,.th l(l;ougllers {‘hi S, cubi c%: subsyst em woul d of fer 20

[afryobs i

G gabyt esTHEIUH A 5! o PUPSYBiGH (i e KOPRied ARG AUPEXSIE e subsyst em

“In-the praé@iohRd gehrsli Shinb NGl B8N e Recdit FGLESdShd;
i'npedance of a | 'c't)ﬁ I @ﬁﬁ%ﬁﬁ%ﬁﬁ@@‘g&l'ﬂg?r}g%%ﬂﬁ%ﬁﬁlgf%%%@%ﬁéu%oo% fixed
val ue, subhsalssys@in dhare colipleditd e subegyeEse@IRRIs SFthisughtadveosighr t he _
wire-pair .transmssion line, and up to the differential half-couplers. The
transm sSHEW! B7-neindilaslyp et ignssviting ané re@ivintheiffe wakialgtadaatis o 1hel 00- ohm
“different] gl -gai r, coaxi a| cabl e; 100-0 m‘hwi sted pair of wires; or a
i d

“twin-ax ¢4 m BRJELOouRled 1pils elarionics QUOR @ tFHISMItT Ciffyikd5 pad pr ef er r ed

b P ‘ i i I r t i, dth h

Che coupl R LR B4 SELORANG Nofle Mot BeRimh A8 T Rol B nveyi ng. any

Signi f i_caabsygrmnchréewbm@wera@nsnmm@Paegaaﬁ@mrlw@ B féﬂ%rﬁ%?t S whi ch |
‘erence. The 8 ffere

~coul d possibly cause unwanted noi se inter ntial signal

“vol tage T evel §inbg @idte d frﬁfr%iﬁe\‘é’{hfa%éa’ pHRIE b B h9idsRl 88 of

the subsystem A and four differential pad pairs connecled o the receiver 89 of the

- subsystem B, four signal channels ate available lo convey data from subsystemn A to
subsystem B Simultaneousty. 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 tra_ns_mitiing and receiving couplers in each subsystem

depends on the required subsystem interconnect communications bandwidth needed
11 ' '



Furthernore, a capacitive coupler is designed such that its frequency
response i s as non-attenuating as reasonably achi evabl e over the expected
operating regine, 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 fromthe ' _
signal, given the receive "eye pattern" at the receive electronics. These
signal processing circuits may include the ability to performinverse
transformati on on the encoded signals,. either before transm ssion or after
reception, in order to renove.the frequency-dependent, intersynbol
“interference. The |lowfrequency roll off requirenent is given by the .
| owest frequency that needs to be-transmtted through the coupler as '
dictated BYy!entifswgientaleciragies. trxanme. fiRachmadmsiwik pais capabient ability:
As the co at g speed, and frequen ontent increases, the
requi‘reneﬂ‘\tﬁég?gg%"ifgsﬁﬁanwﬁp@?fp%&qr?%ﬁ{egéﬂ‘g‘g B/ c‘lﬂﬂﬁerééﬂ‘pl e, the . -
86/ 10B co ' A - s / e th ive -
consecut i RgPafie ERIZRESE, PR o BRbEorkl AR Alog ML S 25,5 10
gi gabi t/ b infod Bt i &%f’h@; ' ?g@é/ :
signifi CZ‘%@QP@S\/{?«%eng%bggﬁggﬁc?ﬁgg}jg%@i‘é;}n%( + o@%ﬁﬁg%‘ﬂh :'ﬁ'31112 VHZ.
In the prea‘chrdiﬂﬂeﬂﬂémidb@BBﬂOBferﬁ:b@ed,M%Qr@gate%@bl@gndﬁﬂwﬁ bétwe@n aand
before pad deposition, the half-coupler um na substrate is mlled using
st andar d psifl df cobsygieess vgth thdsetpunbictiitevtiogaltobanaels isa?®h Eimbitgbecandcer of pl us
or minus 3 nmi.crons or better over the necessary pad area. This is done to.
‘m ni m ze 2hEigayiedseqand. unwant ed resulting air gap between opposing
capacitive half couplers. Because the coupler can be nodeled as two -
capaci tors i nToetadfscouplari@@ ceinrcotyeyQaitie talécouplet 81 di Bhwetrone @fmemy ai r
~and the' second, Cman due to the dielectric coati ng over the pads -- the
I

overal | ZBPAGHS- ik 2 BhIAE CERERS GFCoI0pg R AiRACbRl basagIcemmungaligRS AE by 1 /
1/ Cai., +;, i . hes . \ . Of k and ced Gai’

ey U GpataR e SRR HIER ot EnarRel Piedt crRfndl S RRIBRRY, Sxcrie i m
ittiviti .cand t hi hi gh , I ; . >f er . t ’ | t

o B otal  caBHPIIRld DRt Shi e phLia i asRol i uine hallie PR
+ det er M ngihbic d¥ocRlf b 3o G0 B LB, FARAGLHRER Sy 0ped bet veer

contacti ng hal f-coupl ets, depending on therr size and the flatness of the

cerani c diffesdérial esiiagedingds. Far dakiseesiibn ah @BLIIB phaeirRy, 8¢l for example, | N

addi ti on‘)&%yg gpm' n(gbqagolt her Olr;ﬂe);gérqeéjpnat eri a:a fgrg t he coupéer substrate

i s a flednednenedRG-balanced(0p)£841 M3 Pariioned)Blpck dransmissidraCede An

advant agg of kapt .l msubstrate is:that it need not be precisely

pl anar b té)-cf’rﬁ%“h‘gé@‘g?%g &W%W%l%%ﬁ‘qvt‘@__@éﬁ%i”ﬁa‘, ‘ﬂﬁf%@@‘l’“@ﬂé_eﬂa'ﬂ%% hal f

addr 1 onsremeydie SBhal et Srkh Oyt ol ilob i B bbeBicen stcn

as bari umigti banaed, WinalyH if gehblafifle ili NRSurfcishe!l ectric

const ant rgangi ng fromgj(%; .t'o ggo. & %Qéﬁ&%%ﬁﬁgﬁ?a?%e capg%ﬁti ve hal f

coupl er sfreguery Waineididih (@ coney e datasinkxbes B adwesifica0encysonipdakntshey | ust

_to;Jch opposi ng haelaé_-coupl graa”w th a light pressure .tgé r:hnl mze any .

i nterveni ng Figure’d HHBABRE ABIFNSHAGEPGRIMISS IR aim (ORLioRS oP4 BHtEle&y on the

surface of a c%upl er's carrier soé’?ﬁat t he fransﬁ‘i tti nlg pgdsBare' al i gned
., _embodimenl‘ 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-cddpie_fs 91-96 and an interal processor 97 through a Network Interface Chip
(NIC) 98. In addition, the switch 90 is connecled 10 an externéi‘ network through'a
Media Access Controller (MAC) 91 and an Encoder/Decoder (ENDEC) and |

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



directly opposite the receiving pads. Figure 10 shows a preferred

ei nbodi nent of the capacitive couplers with an alignnment nmechani sm and
‘carriers for supplyirig.a light Pressure between the hal f-couplers. The
Pads 103 are nounted on an -Alum na. Substrate 100, which is nmounted in a
plastic carrier 101.. The plastic carrier 101 is in turn nmounted in an
opening in the surface of the subsystem (not shown). There is a .spring

- mechani sm 104 that gently pushes the carrier 101 attached to the substrate
100-in an outward direction fromthe 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-couplers fromeach other while

- travel ing past each other. The plastic carrier 101 has bumps 106 that push
t he oppos@iengl sgiadce dfanrduisidg sabsyatem in @systemvbi easyrpeesry, Usimgltenen, when
in position, fit into depressions (Simlar 1o degressions 108 shown on

. Carrier 1%1)§ FXaRR'e RefsBRlieryrer pbp for ¢e cayplaradais sHRicalegbsyistar would

hal f - coupl.ger rier i ght i . ical shape to gui t heir opposing
barps. + nidteh 0T ey s et (5KB 55 oF (R SR by Skl Beibboveidhhocd
sone freedom of | at ef al . Movenent to,accommpdate subsystem m salignnent.
It is inportaf? MEPTISIGH apROGPRRIS oA eavntion. the chasclerisirdmradancag!

-mi sal i gnngnt, Wil Ldecrease the effectjve capacitance of the pler arid
educe t caos8bs EERLERnler Sufig Rilgee 5 SPRE a0 i, <ok s FBUPL: & ¢
coupl er i i i ;e i and. ; S

di ff erenth:&gf ﬁﬁaﬂ%g%%%%&éw&)(%r @pﬂ%ﬁ@é%ﬁp&lt an éf%l)sﬁ% ra%rf[?cli L(’j[%toot ®the
separ at i aifdertiagBAIfcbapIPRS ITretRNBATsIGURId 66 BEl®, sePhra®, $0-dheéSaxiali | | be
unwant ed posi-tive to negative pad coupling. A misalignnent in the

di r ect i onablper T¥hdhmuditfere nigalipae couriapeatie;off00aottn tisted pairal whas;forcoupl er -
shoul d not._be nore than sone fraction of the distance to any surrounding

- pads or MHB-@xdgExsH ceblg. dperential signalieg paiiohwirRats RTRred paciusente of the

coupler isr ed and the signal qual,ty conprpmnsed. Wil e.the
present f?\r\'/vg g ;éger]cqrﬁi%agggﬂ%sz}%g@io ET%VO}SI"H‘B%@%%EW@&W BRI} 3r ef er ence
-to the p i - il d s be 4 iL,lled in
Lhe art " PREROoE EREAGHATAND vae it ] T et AR Rkt

depar t i ngurferdmor blieerspimmdn-ande $00patsathittheodld pesdiblp baustasWaditatDhoise t he

-di scl osed invention is to be considered nerely as illustrative and |imted
i n scopeiniefenee. s e tiffeemntiphsignad valipeniguels oreferred arevpipicallyuindenilnéd i s: -

1. A conput :e{?' sgaﬁéem conpri si ng: a plurality of three-dinensional
subsyste aké cH ving one or nore external surfaces, at |least a first
surface of e?’_ch .subsystem bei ng adj acent and conform n'ggé'to a second

surface of a HHSE O SLAPSRilve seppletisrdesioned sreiiinagis frequency

response is as nbh-anenuating as reasonably ac_hielvabie over the expected

‘operating regime, typically for a iréquency pass band from 100 MHZ to 7 GHz. The
. high-frequency r’oll.oﬁ. requiré_ment.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 elecernics‘ These signal brocess‘i'ng“circuits may include the
ability to perform inverse transformation on the encoded signals, either before
transmission or after receptioﬁ, in o;d_er to remove the freqdency-dependém. ,
intersymbol interference. The low-frequency rolf off requirement is given by the
lowest frequency that needs to be transmittéd through the coupler as diclated by the

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



an electrically non-conducting substrate; a plurality of
electrically conducting pads di sposed on said substrate, wherein the pads
are covered by a dielectric material; and an electrical |ead attached to
each pad; wherein two of said pads, respectively disposed on the

‘first and second surfaces, forma capacitive coupler to allow a
time-varying electrical signal to be conveyed between the respective
subsystens, and the dielectric material has | owloss characteristics and a

- large dielectric constant for inproved signal conveyance.. 2. The system as
in claim1 wherein: the signal is a differential one having a

positive signal. and a conpl enentary negative signal;. and: the

- capacitive coupler between two subsystens carries the positive signal and

't he .negat anvéfrengenay. coptentingreapes.dhe sequiremans far the WRWPEMCaPREIAOef aces are
enerally flat. 4. The system I Q claiml1l, wherein: each subsystem

igncl udesy‘?ﬁ%e??’qsc dfor&xge@e[, §‘l€ @&OB code c_fg}ines a code such tﬁat tplere areynever

mare than five consecutive bits of the same polarity on the link. For example, a 3.125

gigabit/second signal {with 320-ps bit-cell widths) does not have significant

low-frequency content below 1/ ( (5+5) x 0.32 nS) = 312 MHZ.

In the preferred embodiments of the invention, during construction and before
pad depOsﬁtion, the half-coupler. Alumina substrate is milled ysin_g.standard.'siiicbn v
wafer grinding mach‘in__ery. toa ﬂétness'toieran_ce of plus or minus 3 microns or better .
ovéf_the necessary pad area. This is done td minimize-th_e size of the u'nwanted
_res'nlting air gap between opposing ¢apacitive half couplers. 'Because the couplér‘
canbe .mbdeled as two capacitors in series -« the first, Ca, due fo,the qie!ectric of any
. air and the second, Ceoaiing, due 1o the dielectric coéting' c_wer-the- pads -- the overall
‘ appro_ximate capacitance of 2 capaciiive coupler, calculable by 1 i 1/Cau + 2/Coating). -
approaches the value of C and can not exceed Caq, éveh as ch,,-;.;,,g increases
without limit. However, higher dielectric film ;ﬁermritlivilies. and thus higher Ceoating,
‘are prelerred as they rérsgjll in a total capaciianqe that mbre c[o.se!-y approaches the
fcap_acitance determined by the air gap, Cs.. The typiéal‘ capacitance deve!opéd
) betweeh contacting half-couplers, de'pend}ng on their size and the flainess of the

ceramic subs'trale's. ranges fo beMéen 20 to 100 picoFarads. |

in addition to Alumina, another preferred material for the coupler substrate is
a flexible kapton film, in plaée of the rigid ceramic plate. An advantage of a kapion
film substrate is thai it need not be precisely planar but only seeds to conform with.ils

.opposing, flexible kapton half _coﬁ'pier.

As for the dielectric coating bver the metallic pads, in addi_tioh to Dupont QM44,

other high-dielectric maferials may be used such as barium titanaie which is
14



the electrical |leads of the capacitive coupler on the subsystemare
coupled to the electrical circuits.- 5. The systemas in claim1l, wherein:
each pad includes a plurality of vias;.and the electrical |eads are
attached to the pads through said vias. 6. The systemas in claim
1, wherein the first and second surfaces are in contact. . 7. The
systemas in claim1, wherein the first and second surfaces are slidable
past each ot her. - 8. The systemas in claim?7, wherein the first

.and second surfaces includes nmeans for ali gning the two of said pads.
9. The systemas in claim7, wherein the first and second surfaces are
hel d toget her by a nechani cal nmeans. 10. The systemas in claim1,

her el n SR IR G106k 12k ABBHE orGafRARHG i 36 4 689 Tecel ving

and sendi :
~In general, the capacitive hali couplers are mounted on a subsystem’s :

‘external surfaces so that they just touch opposing half;cc')up'lers with a light pressure
to minimize any iﬁtervening air. Alignment bur_nps and d'epressiqns might be
provided @n the surface of a coupler's carrier so that the transmitting pads are aligned
5 diréctly opposite the receiving pads. Figure 10 shOWs a preferred embodiment of the
capaciti\'ie' couple_ré with an alignment mechanism and carriers for supplying a light
pressure betweeﬁ the haff-couplers. The pads 103 are mounted on an A!umin‘é_ :
- ‘SQbstr'ate 100, which is mountedin a piastic' carrier 101, The plastic carrier 101 is in
_ turn mounted in an op’eriing in the surface of the subsysterm.(not éhdwn). Thereis a
. .Spnng mechamsm 104 that gently pushes the carrier 101 attached to the substrate
100 in an outward direction from the center of the subsystem When two subsysterns
slide past one another, the plastic carrier 101 is used to separate the substrates of
the t\;\ro half-couplers f[rom each other while traveiing past each olher. The plastic
carrier 101 has bumps 106 thal push the opposne plasllc carrier 102 away fromit
while moving, and then when in position, m mto depress:ons (S:mnlar lo depressions
- 108 shown on carrigr 101).in the opposing _carner 102. Depressions 108 in ihe
half-coupler carriers might have a conical shape 1o guide their opposing bumps into
position mdre accurately. The plastic cérriers 101-102 need some freedom of ia_lerai

maovement lo accommodale subsystem misalignrnenl,

Itis :mponant o alzgn ihe opposing pads of a coupler because any
misalignment will decrease the effeclive capacttance of the coupler and reduce |ts
peﬂormance. A misalignment of t‘he‘ pads for a differential coupler in the direction of
the positive ahd'negalive pads of a differential h'aif-coupler éhould _hot be more than

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



11. The systemas in claim 10, wherein. each subsystemincludes a plurali ty‘

of data-storage di sks and supporting electrical circuits. 12. The
systemas in claim1, wherein each subsystemis a data processing
subsystem 13. The systemas in claim1l, wherein each subsystemis
a data communi cations subsystem 14. The systemas in claiml,
wherei n each subsystemis a cube having six external surfaces. 15.
A data storage system conprising: ' a plurality of data storage

subsystens each having one or nore external surfaces, at least a first
surface of each subsystem being adjacent and conformng to a second
surface of another subsystem each surface including: an electrically

non- conduct i.Ngd. subst.rate;:..a plural.it f electrjcally conducti ads

0 Snoond ol Gheahedbasut Bidinve bad boffd’ (A SRR aERCH T AR

wherei n t wys =Y I - i I ond

surf aces., TeiPenaRUE: RAAEwEBIAE6F 4 WieferlF RAPECAG SHOBId ad e, A0, AEE L

‘conveyed heiiefachidifof the distance to any surrounding pads or the edge of the substrate, or -
so much thai the capacit_ance of the (_:oupler is reduced and the signal quality

compromised.

While the present invention hés been particularly shown and described with
reference to the p'refe_rred embodiments, it will be understood by those skilled i.nrt_he
art that various-changes in form and detail rhay be made without departingrfrom- the
épjri_t_ and scdpe of the invention. Accordingly, the disciosed invention is to be

_ _cdnsidereq merely as ilustrative and iimitgd in scope only aé speciﬁéd in thé

~ appended claims.
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respecti ve subsystens. .16. A conputer system conpri sing: a :
plurality of three-dinensional subsystens each having one or nore external
surfades, at least a first surface of each subsystem bei ng adjacent and
conformng to a second surface of another subsystem wherein the first and
second surfaces are slidable past each other, each surface including: an
el ectrically non-conducting substrate; a plurality of electrically.
conducti ng pads di sposed on said substrate; and an electrical |ead
attached to each :pad;- wherei-n two of said pads, respectively

di sposed ‘Whatiheaimedds and second surfaces, forma capacitive coupl er to
all ow an el ectrical signal to be conveyed between the respective
subsystens. - 17. A ut er- sten1co rising: a plurality of

t hr ee- di mensi dnal WBW eNARTRI %ach subsysten1|s a storage device
capabl e of ster pln@htlyrcﬁeﬁb&udmmrai‘mdaiswmdysngnsiataa; havieh eac lor suips pstesma havi ng
.one or ext erna

oty oo sty e ML P L
each sur fsacend sucthoelbinagiother subsystem, each surface including:’ '
an electrically non-conducting substrate; &
a plurality of electrlcally conductlng pads dlsposed on sald substrate whereln the
pads are covered by a dielectric material; and
an electrical lead attached to each pad; . o
wherem two of said pads respectively disposed on the first and second surfaces ‘
form a capacmve -coupler to allow a time-varying electrical signal to be conveyed
between the | respective subsystems, and the dielectric matériél has low-loss

characteristics and a large dieleciric constant for improved signal conveyance.

2. The system as in claim 1 wherein: _

the signal is a differential one having a positive signal and a complementary
negative signal; and

the capacitive coupler between two subsystems carries the positive signal and

the negative signal.
3. The system as in claim 1, wherein the surfaces are génerally flat.

4. The system as in claim 1, wherein:
each subsystem includes electrical bircuits; and
the electrical leads of the capacitive coupler on the subsystem are coupled to the

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

t'he electrical leads are attached to the pads through said vias.

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

contact.
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an electrically non-conducting substrate; a plurality of electrically
conducti ng pads di sposed on said substrate; and an electrical |ead
attached to each pad, wherein two of said pads, respectively

di sposed -on the first and second surfaces, forma capacitive coupler to
allow a tinme-varying electrical signal to be conveyed between the
respecti-ve subsystens. 18. A conputer system conprising: a
plurality of three-dinmensional subsystens, wherein each subsysten1|s a
cube having six external surfaces, and each subsystem having one or nore
external surfaces, at |east a first surface of each subsyst em bei ng

adj acent and qonf OITRE RYstb@ & FECRMA 15 WiHepse tef fianahtaecatbsyticesnareach
surface i chqb %Sg cg el ectrically non-conducting substrate; a

“plural ity ER$N¥"y conducting pads di sposed on said substrate and
an electrical |ead attached to each pad; - Wwherein two of said pads,

respectively I Spo?ﬁgﬁgs?@'h% iriélléirt\ gg{\]rlq?rem%)ggrst%ﬂd %%Sﬁd s&r%’cg% ﬂlc@ﬁ%?c' tive

coupler to al Fow a cal onveye et ween
t he r espenddngdorslidysthenso of said pads.

9.°  The system as in claim 7, whereln the first and second surfaces are held

together by a mechanical means.

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

- capable of storing, receiving and sending data.

11.  The system as in ri-lwairh 10, wherein each subsystem includes a piurality

of data-storage disks and supporting electrical circuits.

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

subsystem.

13. - The system .as in claim 1, wherein each subsystem |s a data

communications subsystem.

14. The system as in claim 1, wherein each subsystem is a cube having six

external surfaces.

15. A data storage system comprising:

a plurality of data storage subsystems each having one or more external
surfaces, at least a first surjface of each subsystem being adjacent and conforming to a
second surface of another subsystem, each surface including:

an eléctrically noh—chduC‘sing substrate, '

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

an electrical lead attached to each pad;

18



wherein two of said pads, respectively disposed_ on the first and second surfaces,

- form a capacitive coupler to allow an electrical sighal to be conveyed between the

respective subsystems.

16. . - A computer system cemprising:
a plurailty of three-dimensional subsystems each having one or more external '
- surfaces, at least a first surface of each subsystem being adjacent and conforming to a
second surface of another subsysten;l, wherein the first and second su'rfaces are slidable
pa_st each other, each surface including: o

“an electrically non- conducting substrate; 7

) plurality of electrically conducting pads disposed on said substrate and
* an electrical lead attached to each pad;

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

form a capacitive coupler to allow an electrical signal to be conveyed rbetween the

respective subsystems.

17. A computer system comprising:
a plurality of three-dimensional subsystems, wherein each subsystem is a
storage device capable of storing, recewrng and sending data, and each subsystem
- having one or more external surfaces, at least a fi rst surface of each subsystem being
adjacent and conforming to a second surface of another subsystem, each surface
including:
‘an electrically non-conducting substrate;
a plurallty of electncaily conducting pads dlsposed on said subsfrate; and
an electrlcal lead attached to each pad;
~ wherein two of said pads, respectively dlsposed on the first and second surfaces,
form a capacitive coupler to allow a time-varying electrical signal to be conveyed

between the respective subsystems.

18. A computer system ,corr'lprising: _

a plurality of three-dimensional subsystems, wherein each subsystem is a cube
having six external surfaces, and each 'subsystem having one or more external surfaces,
at least a first surface of each subsystem being adjacent and conforming to a second

surface of another suosystem; each surface including:
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an electrically non-conducting substréte; 7

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

an electrical lead attached to each pad; S | o
wherein two of said pads, respectively disposed on the first and second surfaces,
~ form a capacitivé .coupier to allow a time-varying electrical signal to be conveyed

between the respective subsystems.
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