: noe3egd(6TDJ! ., 15 J UL 2002 1', Electronic Grcuit Interco hi En
. Systen1LB|ng Virtual Mrror Packages Background of the Inventio %T lJ 2002
i'nventi on pertains to packages (e.g., chip carriers) that contain
integrated circuits or other electronic circuits and, nore particularly, to
such a package wherein the electrical interconnections (e.g., pins or

sol der pads) are arranged in a virtual myrror pattern. This invention also
pertains to a systemfor interconnecting nulti'‘ple virtual mrror packages
havi ng comon signal lines (e.g., comon bus signal |ines) by attaching the
virtual mrror packages to a substrate (e.g., a printed circuit board) in a
arr angenent mherein the spacing bet ween adj acent packages approaches zero.
15 J UL 2002, ?e known t hat the propagation delay between two

points (i.e akes an electrical signal to travel between the
two points) mW e di stance between the two points increases.
Consequent |y, oOne that limts the speed of a bus in a conputer or
ot her information proce sing systemis the distance between the various
conponents that are coupled to the bus. Mire specifically) the bus naster
and sl ave devices that have the greatest physical separation on the bus is
one factor that limts the maxi num speed of the bus. Stated another way,
for any given bus speed, the maxi mum physical separation between any bus
master and sl ave device nust be |less than a predeterm ned distance, and

t hat predeterm ned di stance gets shorter and shorter as bus speed

i ncreases. Wile the spacing of bus conponents is not problematic at bus
cl ock frequencies well below 100 MHz, conponent spacing becones critical at
hi gher cl ock frequencies where it becones inperative to keep conponent
spacing to a mnimum Figs. 1 and 2 are plan views of prior art conputer
conponent interconnection systens wherein five interconnected "nodes" are
illustrated. Referring to these figures, conponents 101, 102, 103 and 104
may be four processors and conponent 105 may be a nenor /host bridge
control | er. The&deetsonie Cdrauit in C¢m@tlee§ye{qre&lsm ¥irtya XUB"’PFPQCllageSor bus
201 (Fig. 2). Conponents 101-104 typically extend several inches in the "
direction (out of the paper) and are separated by about two inches to
acconmodat e | arge heat sinks. Consequently, the |arge separation of
conponents in the "x" direction,Bagkareundottbglnvendionor the heat sinks, and
t he extension of the conponents in the "z" direction results in a Iong
"signaling distance" between conponents, which significantly limts the

mexi num speed Tois inysetion pentaingecackagasi(gga chipreapiieas) thef deotairciotegmtett s cl ose
together is tQyHs g ofﬂe‘? le'cf?@r% cﬁ%%ﬂﬁ’ %éreHJaﬁﬁ:%%rIQ No QREAPS bhékafedirOh 2

thin substrate, suc rinted ci
the electncal mterconnectnons (e. g plns or solder pads) are arranged in a virtual

mirror pattern. This invention also pertains to a system for interconnecting multiple
virtual mirror packages having common signal lines (e.g., common bus signal lines)
by attaching the virtual mirror packages to a substrate (e.g., a printed circuit board)
in a arrangement wherein the spacing between adjacent packages approaches

zero.



15.J UL 2002 3 board. Since mirror inmage conponents are only separated by
t he tpi ckness of the substrate when interconnected in this manngr {!Qlﬁggoz
t-echni-que brings the conponents very cl ose together. The downsi t

use of "true mrror imge" conponents is that they require the manufacturer
to stock and test two separate part nunbers; one for the standard conponent
and another for its mrror image. Accordipgly, the invention described

bel ow all ows multiple electronic conponents to be interconnected very cl ose
t oget her, thereby reducing the propagati on del ay between conponents and
pernmtting ?:c ghiefwell (k@ 6N mriﬁ@ﬂrlephggggh EeliaylbetWeled' ﬁﬂlN@-bSlﬁtsF(Eé mmsum@Iwmkbsal
conponent s tip n ident.ica Vi r mrror"
packages to beaqeﬁ?cgq%ﬁp@%ltt%gam{%gwgﬁ%% pcr&aﬁ%aﬁté%gg{a{nﬁe

thereby el i m niwééeh theewd pemitsf ifdredsua. @emrqaémy, bid Rttt EHa® imitsraeeshepackages.
The invention described below al so permts |arge heat sinks to be att ached

to the conponenRus ip @rcol'ﬂﬁb‘it%\%Gﬂ@btﬁ‘mrﬁ‘@t'o'mrﬁﬁﬁ?swgo?ysieﬁb'sIﬂPﬁ/@'ﬁt@PB‘h giwesn| v,

the invention thév@n&@rEBHwtp%ﬁer% trf&i Bl%r cduBfe@rtéTﬁ'Té&B g spéifi o%}{ tREbidat
includes a substrate and a first bus having a nultiplicity substantlally

paral | el condun@ssersarfclcﬁlmetmeathaﬁha\te@am%@tahy%%smmﬁ@ e RU§ sr st
chip carrier N totBhinkt Rhitsthe ndlmiBAsheeddt OPRESaRid Aokt Hay)apaRy  each
pair of connection points conprising electrica &; nterconnected first and
second connectdiven husispeed, thithmagimum physicaksepaation betwaensay bus mastefrandnged i n
a rirst patt ergh BUQREMustbl Idss ihdiiprelbtelified bistncE UM tid¥ freiterriiéy t he
set of second connectrion pornts Is arranged in a secon @at ern adjacent a
second edge ofdistancefgatsshatter pnd shartes as besispeedhagreases. Yéhjlerthe pmq"ww hus t he
vi rtual mrror MF:H

handl i ng syst em go@%ﬁﬁsﬁirﬁﬁ&é&sﬁ%{@ﬁ&at bé's cﬁgkﬁy@%?%rs l@ﬁwiw plicity
of pairs of ceoemgonestspacingbscombsecriical aéatghepdwkfmqm‘oqa%mgmt berjomes
conprising el t econd connection points.
The set of fi ﬁ@k’é}é‘g%e&/'{%e C%%@%HP@%}@Q"% Fnérﬁ@ "‘Zdj acent a first edge of

t he second chip carrier, and the set of second connection points is
positioned adj £ent pattern
of pairs of co egtalr@nf% Eﬂﬁs\ﬁ%& ?ﬁxermégﬁgﬁﬁﬁﬂﬁgc&nggn&? nrtér%nnew&}

mrror of the qyatbmsrwhe:ném}ﬂae mroénrteoteldénd)deahanpollustratedf Refierring tostheeehl p

on the irer dighids, BORpSTRE s b diarton fhio¢ RIEFREESeordphd Farhbdrklns
chi phg?r re ime):) dlblélSn?ayatig aamrhorlyhmsﬁarcdgaatomﬂgjler oThetslae:ofnploeents Ia][ep car Ir |O ﬁr I n
ﬁg(rjléll i ng syst eﬁ?‘%ﬁ{?i‘é H?%By é& u(?)é){#ﬂgaf) oarb%g?wgﬁ&b%s c%t';\i}%nﬁh{él' @Jrﬁ plicity of
subst anti al | y tmcailb'lea!tendcsavmetlmhesﬁmthnézf dinectiorf ortef theipaperpand altehe

substrat e, andeBa PR alNR HICNERE B SWbHIRLLE! hhe PlaPUG! AbsBLishupar a! | el

conductors for on a second” sur e su
t he second bugheé kzrgmseparatlwobfdompomdzrys indhe 5 disectiod, \&lhldmlsrreqtateldﬁoctharma ed

to the corres ct.or « t jer has a
mul tiplici ty g‘@&ﬁ'ﬂaé’ﬁ% %ﬁgmh%rﬁ& n\lmgrze%r'{eé@?z‘ﬁe&msqn g?&@onnecti on
poi nts conpri S‘eugnzﬂlngcrﬂstamr’ bytweeh eo mponerds, erhidh sigrificantly lsm@lhel ncaxmerot i on

poi nts. The set of porésrtatlconnectlon points is arranged in a first pattern
adj acent a fir P

One technique for placing bus components close together is to use mirror image

components placed on opposite sides of a thin substrate, such as a printed circuit



edge of the fiat chip carrier, and the set of second connection points is
arranged in a second pattern adjacent a second edge of the firsq §Q$Q”_2002
carriér, such that the second pattern is the virtual mirror of the TiIrst
pattern. A second chip carrier has a multiplicity of pairs of connection

poi nts, wherein each pair of connection points conprises electrically

i nterconnected first and second connection points. The set of first
connection points is positioned adjacent & first edge of the second chip
carrier, and the set of second connection points is positioned adjacent a

second edge OfhohRe SRR ithBgednhipdiients BE oRPsESArateaTbyRRd thickRéssCofRE@ct i on
poi nts of the second chip 15 JUL 2002 5 carrier is the virtual mrror of

the pattern ofubyfatewben kbriersterisd ipismannss. thinéeqhniaye bargsthe spmperentshe
first chip Carv@('xgr{l?ééesto QREE S8 HoWAsitB fo fhleusk oPHtiethirroPFhdde” E&mﬁb‘ﬁérﬁsci@ of

the substrate, the second chip carrier is connected to the second bus
on the second tRaiitieyoequife themanufasturente stosliesd test twaesaparale paringmbsars; oee . | n

ver another enhilh BBlardldhiuoRUR Ul Hober fr 4 dtBlmghd.r of chip carier tha

i ncl udes a nu IcIty I'TS Of connectlon points, wherein each pair of
connection points conprising electrically interconnected first and second

(i : . e : . . .
irot pattern apardinbs y¥ihveilion béclibERBUBEaHRM Ak wihfioi BRRRfield e
connect i on poibetinteiconmaatedhpryl close togethen rierpbyt teducingitherpgopagationdelagdge of

et bo Car r bByachshranBhis bRd pBASRAL b Siea oBetdibn.) Thik ienB i O "
DO ot e o e o e o, an yl e
o o an v ew oo PaclaR s BF RSty o Bppba BN e At kb e, didrdby

invention. Fi glimihatisg theplead forite/ separatedtroe mivorritnage” packages. Clhiefinvemtion er
package. Fig. ' '

PACKAGE. 1. o et e lof BBl b BASANRE T bt 0

improved cooling.

Summary of the Invention

Briefly, the invention is a computer or other information handling system that
includes a substrate and a first bus having a multiplicity of substantially parallel
conductors formed on a first surface of the substrate. A first chip carrier has a
multiplicity of pairs of connection points, wherein each pair of connection points
comprising electrically interconnected first and second connection points. The set of
first connection points is arranged in a first pattern adjacent a first edge of the first
chip carrier, and the set of second connection points is arranged in a second pattern
adjacent a second edge of the first chip carrier, such that the second pattern is the

virtual mirror of the first pattern.



15.J UL 2002 6 Fig. 6 is a plan view of a conponent int erconnectl on system
usi ng virtual mrror packages on two sides of a substrate. EQ@OZ
the I'llustrative Enbodinments Fig. 3 is a plan view of a Chlp carrler avi ng
" connection points arranged in a virtual mrror pattern. Referring to this
figure, chip carrier 301 includes five pairs of first and second connection
points arranged in two sets; the first set of connection points 302

(consi sting of individual points 302a - 382e) being arranged adjacent edge
301 a, and the second set of connection points 303 (consisting of

i ndi vi dual poiThesnfdRr&tiondHadainglRyitash &iso mBIess adjsacaidt chigtgrigdibving avhi ch i's
directly opposite edge 301 a. Conductqrs 304a-304e in chi carrl er 301
electrical |y CBWHRICEY efRais obronseetiiP s Whesein eREN paiF ok coarlectiop RoBhect i on

points 302 to c@nﬂifi’l&hg%%ﬂ%mm%%ﬁﬁéété@ﬂrspé’hméec%h@%ﬁrﬁ@tl@ﬁﬁ&ﬁld T8k sef of
connection points 303, thereby forming five pairs of connection points. For

exanpl e, conne’krﬁt.cennqy@p%pglntgoszaosameé@sac%rarﬂrwgﬁaﬁ thegtecens flaie CRBIS"
poi nts, connegiiqhe & 'd?%éccﬁl@%hnmoﬁpégg |QP8§|1?6?\%HQ%{?cQﬁ'J{sél?on&%?f%f(ih@n
points, etc. Prefera ly, I'p carrie S constructed as a we nown

bal | grid arrspgcertehiyearrial. tTFhGljgiﬁeUt ¢fepairs of eqnnactian painte of the gecendechip oni ¢
circuit packagipgrf WVlﬂﬁalwfr&a&lts Pg’&é}n of phifs & cghﬁ&ﬂ&'\ BYINR of ¢hH fsCeHig | er

havi ng connection points arranged I'n a another virtual mrror pattern.
Referring to tdarriers The fiest anh$grond chipsarrieos aereoniented tocthe fest bus o theifirslt  and
second connec ion
oi nts 402 ( couaRat Bt e SRRl AR et Cuck et dotind P caf B pEhg SARRER

adj acent edgesthﬂee_coadadgelbﬂthetfrstahm aaltersecond set of connection points 403
(consisting of individual points 403a - 403j) being arranged adjacent edges
401 ¢ and 401 d. Conductors 404a-404) of chip carrier 401 electrically
connect each dmwanetbéi embgxiimant, thie investién is st congiuterfor otheninfarimatiop bamdling 402 t o

Connect: on porRREraBGoub R R saR e, A EBmand B b B EERR oS |,

exanpl e, conneohdastonsdomied ot0R firshsudfat® dd tHeaubstoate, anal a sexiond bns batinga

oi nt s, otc. PPUpdiPRERtBaRNG Ratane coal et BB PGy BUutS LAY Ot
ball grid arr a;abﬁeatka&eph esbndhoiogbf the secoridiiusgs msambned diectly qppos:teemtdr oni c

o1 angement o aiPaY gtesiHS BefporreBRodind ollafer e RRF Rl I 8% e

‘virtual m rr earjethas amultipieitysoftiaas of cdnnettion [wirtts,|Wheesin aaeh pairef t o connect

he f d d i f
e e ne AR ARG Rk BTl p R TR LABRT .
i's illustratedgoints.FTige s& ofifist eormectimgpairds is drianged BObErsBiiermadjaedrit a fi rst

paral l el, and 4 mhere nary, lines. 405a-405j

aralle If t e 5 I ai
oralial ir st ple ! S i Peisrey b rPetie e Bdshgo B
t hat t he arr argsavent pafterhladjasent aofecvad edge obthadicst chip cpoientssich that ke vi r t ual

mrror of the set of first, cannect.i on ipts. Jf t chi carrler have t he
cane vi rtual  fepntPatiar Bné SROG RS ofRE B ealeran X 3sFohLorif ke fas 4
respective paimusltupifc@ofmstoif oonreotiort mlmsmmelhielaelapainbémmbetldmpmmh| p
connect ton pol AR 5es Rer e Epritiiee FE i o F PSSR Raih Thr et
s?ma_ Vih{t IuaI rﬁrstrcxonn?mlbhgbmtsaé pommmedtadmgpttn fissedgeoofitiee snnmntiedlploarmer -
o B " A R A SRR IR g PR GO B oo
concept is il lsesbnditigp camiefi The patisheoipdirstoficemertion peihts of theasecold ghigarri er
packages 501-503 are connected, edge-to-edge, to a bus 504 conposed of a
multiplicity of parallel



conductors formed on the surface of a substrate. Note that the spacin

bet ween chip carriers 501-503 can be arbitrarily snall. 15 J Lfg gj@gz?ﬁ[]z
A .simiar bus of parallel conductors can also be fornmed on the opposing
second surface of the substrate, directly bel ow the correspondi ng

conductors of the bus on the first surface. In the alternative, this second
bus does not require the parallel conductors of the first bus. Instead, the
conductors of the second bus may sinply %e conprised of the exposed ends of
the vias that connect the first bus on the first surface to the opposing
second sur f aceanfer idthe vidosk miaioe of the pattemnaf pels of conhégtion ointesfsthé first ehip

substantially the s virtual myrror tyer S, the fir set, of ip
carriers can tCﬁErWr'b_in‘gﬂfsgﬁmgﬂarf 'Sf'ﬁﬁenﬁze‘{)tﬁ tg‘hErs_gg%%éh§3-'ltrsftéﬂgﬁced‘i’fﬁgﬁt ly
bel ow t he chi pubgrdté,aitfile e $tdnfl ichiplcafier fsaoBnectbd B ti@REEFHd Bus drithyst rat ed
in Fig. 6) wherein three virtual mrror chip_carrier gackages 601- 603 are

connected (ed§ESeletigee ohihersupstrateaPPAHE i SITIRERIAS: he t hree chip
carriers) to a bus 607a conposed of a multiplicity of parallel conductors
formed on the first surface of a substrate, and three nore virtual mrror
chip carrier payagethesgmbodipenhthe byentien issq viftealguigopehin cafrieetvat ipcludes

under neat - chisnG@picii? b Podid ot 8mecte e pan@NIHarehack BaI\UE Latiieciln fbifts 07D on
t he second surface of the substrate are directly underneath the

cor r espondi ng CeBWESBE elestrisaltinteraonectes fitshand second sppnection pojatss Jhesehefe,

and are interganRg é’c@loh‘gjr)]iggi {g%deeagqvatﬂnétaén%ﬂ%@p; 5t ddife oY@l Set  of

chip carriers to the sec sur e substr each of the chip
carriers of tisarrieacanddhe set of seeridropnestion peintssis affangedin asespad pattero t he

first set of i J ing. .t j EYRE Yirfes| S
drawn per pendicdgiu aarcﬁ{égﬁgﬁég%%@gtﬁ@hﬁagﬁé’ds “%ﬁr at@%?ﬁtgghﬁ%ug :aacL pair
of connecti on nupnefdhe Wekpattére. chip carriers are inverted in this fashion,
each pair of connection points can be lined up with the correspondi ng
conductors of the bus on the second surface of the substrate which, in
turn, are lined up directly underneath the correpondi ng conductors of the
bus on the first surface of t . i xes 306 and 406 are
illustrated in Figs. 3 and 4 ﬁﬂétﬁ%&@gfopiéefrqgggg%&éﬂg 401 can be rotated
180 about these axes to orient the virtual mrror chip carriers for 15 J
UL 2002 9 at t . 1o, i : ! i under’
arrangenent o aoqggé)tlésn \6‘%@@(?‘@ ﬂg{ﬁ{mgﬁgéteé%?nf oyagrﬁ{r'ﬁghgmgg{ﬂ!?\ﬁség’%[tgﬁsi npl e
i nt erconnecti on between the conductors of the buses on the first and second

two surtaces S19 ere A PRk B R EREET Sh PR RBEh P BOtE o "
It is

"vias" or otheystsow.f ace-to-surtace interconnection techni ques.

preferred, but not required, that the sets of first and second connecti on
poi nts be symretrical about an imaginary axis. |f such symmetry exists)

t hen this i madigeriy aplarsview of Airfualmeirtoh abip parripepaikagk af the dwreatingerttios.
parallel line segnents that can be drawn through each pair of connection
points. This concept is illustrated in Fig. 3 wherein inaginary axis 306
per pendi cul ar IRg.Hi is agliart View lof asotbergiirkral sirchr ahip daeienpepkagech pair of
connection points (e.g., 302a and 303a, 302b and 303b, etc.). These line
segnents coincide with |ines 305a-305e, but term nate at the connection

poi nts. Thi s dindapta plan déwof alcbupbnattddericonddcton dystdre using virtomgminary axi s
406 per pendi cul agl bi sects thfe Iibng segnents drawn between each pair of
connection poipr?f’ aqeés.oé‘.?neﬁdfaoﬁﬂ’i %tg) 402b and 403b, etc.) Gven two chip
carriers having pairs of connection points arranged in the sane symetri cal
virtual mrror pattern) if the second chip carrier is rotated 180 about its
i mgi nery axis and then placed directly underneath the first chip carrier)
t hen each and every one of the pairs of connection points of the first chip
carrier will be positioned directly above the correspondi ng pair of
connection points of the second chip carrier.



It is preferred, but not required, that the parallel |lines be equally
spaced. \Wen the connection points are equi-spaced, the conduct otldjodu(!_he?noz
substrate to which the chip carrier is attached can al so be equi -space

The chip carriers illustrated in Figs. 3 and 4 are exanples of equi-spaced,
symmetrical virtual mrror patterns. 15 J UL 2002 10 Note that the term
"chip carrier" is used in a broad sense Lhroughout the specification and
clainms and i ncludes any type of package that can be used to house an
integrated circuit chip or other electrical circuit device. The term
"substrate" i ritig.Bliesa pan vitwdf aicompohertdaedsnnectiorasystens ukisg vietualsnifrsuch as
those used in thick and thipn film hybrid circuits) and other materials and
t echni ques to'ﬁﬁ*@$?%ﬂ%a r$4§§°f@§HBéﬁgﬁts are attached and interconnected.
The term "connection point"” includes well know pins (such as the type that
are inserted into a socket), solder pads and other connection devices that
serve to electrically interconnect the chip carrier to conductors on a
substrate. One advantage t @esBApot betiR Il@SEtvREMbEdifidnts S that, because
t he conponents are so close together, they can now share pull up resistors
(e.g., resistors 505 and 608) or decoupling capacitors (not illustrated).
In fact) It | sFié.'d‘l@'ayplziﬁrhﬁé\g‘%gﬁ%Kiﬁ'&?ﬁé?ha\ﬁﬁ%%éﬁhebﬁ?ﬁ\ PUHED SfrafdeddR aQaHRIal NT
capacitors will be reall ze y the use o he virtual mrror systemof Fig.
6 when conpar dairmobpattasnpReterring to thiy §gwaschin carigfs3011inelydesfive pairg otiiyst and
result inal csmg{ﬁ%eﬁonr {q‘%h&ﬁbéd\?\gk@&sét@tﬁéﬁrg@@g%tfﬁ nebiidrl pdz;ﬂrﬂ? 302

t
resi stors and decoupling capacitors, en cornpare e prior
systens. Anot Heensigling af indwidual points 392a <3B2epbeipy grangedadinognt edgedilas hey are
well suited f ' d : i ; | be
pl aced fl at agnggﬁgég@ﬁdgﬁfd)wv%ﬂ%ﬁ%@%%%n%ﬁf(%o@érléﬁg%rgg'ggﬁgf"?|m(?g§rspg%nt S on
one surface of308rkbeindsranged adiavenpedgesiOl bawhighisadirecty oppoesitegdgecdianf Fi gs.

because the caraiySifLaddacti i b B3Ry nB1 BonEqE nfRP o8 ARGl ™' ¥
cl ai m as ny i rofénm firstset of connection points 302 to a corresponding connection point from the
second set of conhnection points 303, thereby forming five pairs of connection points.
For example, copnection points 302a and 303a form one pair of connection points,
connection points 302b and 303b form another pair of connection points, etc.
Preferably, chip carrier 301 is constructed as a well known ball grid array package,
although other integrated circuit or electronic circuit packaging may be suitable.

Fig. 4 is a plan view of chip carrier having connection points arranged in a another
virtual mirror pattern. Referring to this figure, chip carrier 401 includes ten pairs of
first and second connection points arranged in two sets; the first set of connection
points 402 (consisting of individual points 402a - 402j) being arranged adjacent
edges 401a and 401b, and the second set of connection points 403 (consisting of
individual points 403a - 403j) being arranged adjacent edges 401c and 401d.
Conductors 404a-404] of chip carrier 401 electrically connect each connection point

of the first set of connection points 402 to a corresponding connection point from the



1. An information handling system conprising: a substrate; a{ifs u
having a nultiplicity of substantially parallel conductors formmea?ﬂoz

firrst surface of the substrate; a first chip carrier having a multiplicity
of pairs of connection points, each pair of connection points conprising
electrically interconnected first and second connection points, the set of
first connection points being arranged 5n a first pattern adjacent a first
edge of the first chip carrier) and the set of second connection points
being arranged in a second pattern adjacent a second edge of the first chip
carrier, such detand séteof senmentioppointsrd®3i thetebg farimingiteh pairs pbeonnkctidnepdinits.st
pattern; a second chip carri

r havi L £d p)ici | ection
poi nts, each paqrrexgwp@oﬁﬂg‘gf '%p%@ﬁggggg%ﬁﬂoﬂé oéfé@%[rrofgg r]%ﬁf?ctn &9%’
I nt er connect edcdhhédtionaithts4tanahdc40Bhefotm another peirsaf cohieectien poihtsf etcst
connection points being. positigned adjacent a first e of the second chi
carrier, ang t 8?%@5"6?“‘@‘@6%‘?{04%36?1?\ rPBtﬁgBSiaﬁYeél '?5‘8YVHS’%E8E??V8¥18§F gjeacentp
a second edge dtholidifotheciffedratéd Birduitior eREtronid Eirqitipaekayif mapbe suiedble .
connection points of the second chip carrier being a virtual mrror of the

pattern of pairs of connection points of the first chip carrier; the first

and second chigs €Rrusk8tS d&RYPE ah ARBRGERENtIP phifofffirstindidesorcdnhgctionr st
surface of the substrate, the fjrst ed%e of the secon carrier being

adj acent the RaEndhetsga YitualHsirmor pattergHnpansdpat, Kls".raigt(‘jtlﬁcﬁg!ﬁ‘g@ raypide 12 2.
The informati qiynRastdhd Mgt MBIRBhALorrledtion Points 8F EAGH piOsiiohiédiiBn paintd)i M d
chip carrier htﬂgrlx trgl%sg strrrgi[q;[\tl IiRLsI: \(I:VI()EJ% a(ﬂfbega{)srtgnt%flly Sgrglrfﬁf: tI'Ihigrlzoﬁc(:)elzprt]Essiilustrated

in Fig. 3 wherein imaginary lines 305a-305e are all parallel, and again in Fig. 4

wherein imaginary lines 405a-405j are ali parallel. If these lines are substantially

parallel, it can also be said that the arrangement of the set of second connection

points is the virtual mirror of the set of first connection points. If two chip carriers

have the same virtual mirror pattern of pairs of connection points, then their

respective pairs of connection points are co-linear when the two chip carriers are

placed side-by-side.

This parallel arrangement of the pairs of connection points permits a first set of chip
carriers, each having the same virtual mirror pattern of connection points, to be
mounted in a straight line, edge-to-edge, and connected to a bus composed of a
plurality of parallel conductors formed on a first surface of a substrate. This concept
is illustrated in Fig. 5 wherein three virtual mirror chip carrier packages 501-503 are
connected, edge-to-edge, to a bus 504 composed of a multiplicity of parallel
conductors formed on the surface of a substrate. Note that the spacing between
chip carriers §01-503 can be arbitrarily small.



each pair of connection points conprising electrically intercopnected first
and second connection points, the set of first connection poin %@U@ZUU?
positioned adjacent a first edge of the third chip carrier, and the set o
second connection points being positioned adjacent a second edge of the
third chip carrier, the pattern of pairs of connection points of the third
chip carrier being a virtual mrror of th; pattern of pairs of connection
points of the first chip carrier; the third chip carrier being connected to
the first bus on the first surface of the substrate) the second edge of the
third chip carAsimildydusgf patpleat eonductoes Ear aiso belfpemet] onlilee bpposingcdecpndarri er.

15 J UL 2f102_13 3. .The informati on handling system of claim urt her
comprising: o sdtsh e ARt pR PR e Fe A B GhadfisPte Brdne biF 8 o
second sur f acetheffirstarfatdsiniad altereatiob, thiesdoaiddiusafoes het requinitie pagalibei ng
posi ti oned opposite and. el ectricall nnected to the correspondin
onduct or of ¢ AadEtEy otifie Fisk b etbedi e Eadiriars ofals neron BEP AT by of
pairs of connepécompRsiddéfihe BFVBedahds 6fithe daaeat taimepicthe fifst BASTHN thei et
electrically intercaonnected first and second connection points, the set of

first connecti 841as6itAthe epRnosig seeandissiace alda sehtrate. 1A pesond $§EOTHNIR he third

chip carrier, aaflefsfivingsubltatRiPihe saRRVRflal Aird? Paltém d28hé frsPS&tIoF cRiped
adj acent a second edge of the third chip carrier, the pattern of palrs of

t
connecti on poi fRHersrcaniien by attachad fo e bl ep thesesgndiswfaceydirecty pelew e ¢ he

pattern of pai ggp @hrRAY IRk stPAdRL Fhikohdt®t KiilluStrated iPFig 26, WiRein tHige t hi rd
chip carrier being connected to the second bus on the second surface of the

substrat e oppo¥rtud rpiFer ¢hip sarmierpaskages 6Ur603are trangatgd(edgetoademmithi ng

system of clai Hindmal $§akiNGbefAIBRIthS tHPEk cifip bANES o AIbIs 66V doRfpdiddofd @
mul tiplicity of pairs of connection points, each palr of connection points

conpri si ng el eBwitiplicily|of parallelconduntars érmedonithe figt sutash @f 8 sHbsteate, ddpoi nt s,

the set of fir i an o000 [ i itdn@n ' ' ' dge
of the fourth Sre6ARREGRLAMAG MHiohfnhoRie dodlifs B0 ARRBitedtd lisiqrBioe
posi tioned adj diceatly underaeath¢hipgaicss 6QHE03. oRireferaliinithe cenductors ot bus §0bt er n
of pairs of COBRfHE!dRBnPQUrfEcS of etéquﬁsﬁéiﬂ%}&dimhfuﬁd’errﬁ%a% H#%%;. sforkiid ual
mrror of the pattern of pairs of connection points of the first chip
carrier;: conductors of bus 607a on the first side of the substrate, and are interconnected

using well known vias.

To attach the second set of chip carriers to the second surface of the substrate,
each of the chip carriers of the second set of chip carriers is inverted (relative to the
first set of chip cariers) by rotating it 1800 about an imaginery axis drawn
perpendicular to the aforementioned parallel lines through each pair of connection
points. When the chip carriers are inverted in this fashion, each pair of connection
points can be lined up with the corresponding conductors of the bus on the second
surface of the substrate which, in turn, are lined up directly underneath the
correponding conductors of the bus on the first surface of the substrate. Imaginary
axes 306 and 406 are illustrated in Figs. 3 and 4 and chip carriers 301 and 401 can

be rotated 180° about these axes to orient the virtual mirror chip carriers for



the fourth chip carrier being connected to the second bus on the second

surface of the substrate, the second edge of the fourth chip c‘rrﬁ }ﬂ?lrbgoug
adj acent the first edge of the third chip carrier. 15 JUL 2110 . AN

i nformati on handling system conprising: a substrate; a first bus having a
multiplicity of substantially parallel conductors formed on a first
surface of the substrate; a second bus haying a nmultiplicity of conductors
fornmed on a second surface of the substrale, each conductor of the second
bus bei ng positioned opposite and electrically connected to the

correspondi ng attacHmehbto thé ubdeesitie bEthelsubstrate.f This bverhinpgercarangemehbafitwg a
multiplicity of | I f .conpection ppint each. pair of. conpection points
conpri sing el eieﬁg#c‘ﬁrlil'i/? "]'rﬁ?rethf)&ﬁ{@?f? @Emﬁ ﬁjgF'"}fﬁedmgeé%%'ﬂact@l}%ﬁgﬁqn& epoi nts,
tg_e set of ;i r@dndacdtamaff]gth@ﬁuq@?iomttﬁe buetm;umbamgidds_bf(rjthaﬁﬁbstmte.p'atis ern .

adj acent a first edge of the first chip carrier, and t set of seco
connecti on poilAEs ?ﬁt?"zi}eﬁ‘%‘?ﬁ'etbeicﬂnéo]{"cggﬁ8’r‘1&eﬂypts@&ﬂceécﬂ‘?g}?eﬂ{bsga@é@ﬂ%& edge
of the first cdycBnphéHdddly ustigtlell KidvntVigs of oted sirdddecb Bulface i@roonhbetin
mrror of the first pattern; a second chip carrier having a nultiplicity of

pairs of connd@€hNigHeSei nts, each pair of connection points conprising
electrically interconnected first and second connection points, the set of

first connection points being positioned adjacent a first r . .
Itis preferred, but nofrequired, that the sets of first and second connection points be

symmetrical about an imaginary axis. If such symmetry exists, then this imaginery
axis is the line that perpendicularly bisects the parallel line segments that can be
drawn through each pair of connection points. This concept is illustrated in Fig. 3
wherein imaginary axis 306 perpendicularly bisect the line segments drawn between
each pair of connection points (e.g., 302a and 303a, 302b and 3035, etc.). These
line segments coincide with lines 305a-305¢, but terminate at the connection points.
This concept is also illustrated in Fig. 4 wherein imaginary axis 406 perpendicularly
bisects the line segments drawn between each pair of connection points (e.g., 402a
and 403a, 402b and 403b, etc.) Given two chip carriers having pairs of connection
points arranged in the same symmetrical virtual mirror pattern, if the second chip
carrier is rotated 180° about its imaginery axis and then placed directly underneath
the first chip carrier, then each and every one of the pairs of connection points of the
first chip carrier will be positioned directly above the corresponding pair of

connection points of the second chip carrier.

Itis preferred, but not required, that the parallel lines be equally spaced. When the
connection points are equi-spaced, the conductors on the substrate to which the chip
carrier is attached can also be equi-spaced. The chip carriers illustrated in Figs. 3
and 4 are examples of equi-spaced, symmetrical virtual mirror patterns.



edge of the second chip carrier, and the set of second connectign points

. being positioned adjacent a second edge of the second chip carrf &JUEPZUUZ
pattern of pairs of connection points of the second chip carrier being a
virtual mrror of the pattern of pairs of connection points of the first
chip carrier; the first chip carrier being connected to the first bus on
the first surface of the substrate, and the second chip carrier being
connected to the second bus on the seconsurface of the substrate opposite
the first chip carrier. ., , 15 J UL 2002 15 6. Avirtual mrror chip

carrier, conprigte gt tife rhtttmd caikdy ivliselan b Brédd seasaeeddghbuttré Nt s, each
pair of connection points conprisi n%del ectrically interconnected f| rst and

second connectSP8hifigafiontand dainas aad insfudes ary WE%ﬁﬁ%@ﬁk?%\ﬂ’@bP?ﬂ ke ye8hg arr anged
in afirst patjgeg aﬁllrﬁé'é}at%dfc'irﬁﬁf ctﬁ;SjGﬁotﬁér él&ﬁn@buﬂ:uﬂ@e(ab@r ThéRfimt he set of

second connecti on pOI nts bei ng arrange in a second pattern al ong a second
edge of the chpypsiiate’inoludes pdhted islieuit teardse seamipaibstpies (Yichiqe thasetusad in

mrror of the gk %F\%Hﬁﬁ ki Ifi‘f ﬁ&brla CHJJ?E) ¥hd bHe! mHle’hElQranB ddPin ﬁéé fo%hlﬁ" clai m 6,

wherein the first e carrirer 1s substantia y parallel to the
second edge ofeleqt@cainomp@mm Ye. aﬂachqdmdﬁntermneatecﬂrme eAnpcymestiay paint”

claim 7, wher ShiuddiSudt kb AIs30P AP TbenAlar6 8 fH‘aE@éI@E SscHi&

synnetrlcal abou axl s perpen I sects each of
i magi nary | nenadsmlﬂ odmmemectwmde\mestthatm&n@do@mtrwaﬂmet@tqoonecpmmmclsp of each

pai r of Connecéa}ﬁé?t?%r?&@torgon Z@ﬁbs\{}arté ual mrror chip carrier of claimS8,
& .

wherei n each palr

One advantage to the systems described herein is that, because the components
are so close together, they can now share pull up resistors (e.g., resistors 505 and
608) or decoupling capacitors (not illustrated). In fact, it is likely that a savings of
75% in the number of decoupling capacitors will be realized by the use of the virtual
mirror system of Fig. 6 when compared to the prior art systems of Figs. 1 and 2.
This could result in a 100 component reduction in the total number of pull up
resistors and decoupling capacitors, when compared to the prior art systems.

Another advantage to the systems of Figs. 5 and 6 is that they are well suited for
thermal cooling, since a heat sink or heat pipe can be placed flat across each

individual component, or across all components on one surface of the substrate.

The primary advantage of the systems of Figs. 5 and 6 is that a significant increase

in bus speed can be achieved simply because the components are closer together.



connection points is equally space apart fromthe adjacent pair of
connection points. 10. The virtual mrror chip carrier of cli ai" GJQ’E'GZ@Z]
the first edge of the chip carrier is adjacent to the second edge t

chip carrier. 15 JUL 2f102 16 11. The virtual mrror chip carrier of
claim 10, wherein the first and second sets of connection points are
symretrical about an imaginary axis thafq perpendicularly bisects each of

i magi nary lines that connect the first and second connection points of each
pair of connection points. 12. The virtual mrror chip carrier of claim11l,
wherein each pair of connection points CEAMM@al |y spaced apart fromthe

adj acent pair of connection points. 13. The virtual mrror chip carrier of
claim6, wherein the first and second sets of connection points are
symmetrical alolaim as myipagintiany axi s that perpendicularly bisects each of

I magi nary lines that connect the first and second connection points of each
pair of connection points. 14. The virtual mrror chip carrier of claim 13,

wherein each pair of commpgdrhafio®Rartlifg systéhlcdmptismpace apart fromthe
adj acent pair of connection points.

. A@ ASAL. ASA. A9. A. AyL. /&Bubslrale; Ashop AFNL. AL(. A . Af..AS.Afh_{#- R
a first bus having a multiplicity of substantially parallel conductors

formed on a first surface of the substrate;

a first chip carrier having a multiplicity of pairs of connection points,
each pair of connection points comprising electrically interconnected first and
second connection points, the set of first connection points being arranged in a first
pattern adjacent a first edge of the first chip carrier, and the set of second
connection points being arranged in a second pattern adjacent a second edge of the
first chip carrier, such that the second pattern is the virtual mirror of the first pattern;

a second chip carrier having a multiplicity of pairs of connection points,
each pair of connection points comprising electrically interconnected first and
second connection points, the set' of first connection points being positioned
adjacent a first edge of the second chip carrier, and the set of second connection
points being positioned adjacent a second edge of the second chip carrier, the
pattern of pairs of connection points of the second chip carrier being a virtual mirror
of the pattern of pairs of connection points of the first chip carrier;

the first and second chip carriers being connected to the first bus on
the first surface of the substrate, the first edge of the second chip carrier being
adjacent the second edge of the first chip carrier.



?rs~{vql gb] X] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] c(a] ca] ca] ca] ca] ca] ca] ca]
. calc(a]cTaV]cTa] ca] caU] ca] ca] cTa] ca] c(a] c(a] cal DPRX ‘| J ,a

"l Ittt g J#S$SS T 7)) 3* | wwmhe”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca caPc ]ZLDQZC
*al] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c(a]ca]ca]ca! 3*@3+9//
1~111178B9=: K: M ;

<>: @ABBBCDEe FGEGHHHH} xsni d_Y] U] c*a] ca] ca? ca] ca] ca] ca] ca] ca] ca] ca] c(a] ca] ca
]ca] ca]ca] ca] ca]ca] c(a] ca] ca]ca] ca]c(a]c(a]ca]ca]ca]ca]ca]c(al HHHHHHI NI zI | k
Jj KKSLLMVDNgNuNxNNOP' Q-QQQQQQARRR} xsni d_Z] U] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca]
gﬁ%m W}éﬁ;}zcﬁ]&mﬁ%@]ﬂt@] laridling Q;S]%Tap digal, dathesremposifga] c*a! R, SU

- AN : Al cal ca

ca] ca] ca]ca] ca]ca]ca] ca %@}j}h})}cc% r(':ee{]rng(ém]@ (I:I?igjzdcf gi}’ﬁé cg%@gﬁﬁlﬁg’g] c}a] c}a
] ca! __| * asaablea}ls puic df_ciouhe clibaf dciirdg gophprising electlicadipinterzgridectelddistjandsecerida] ca

] ca] ca] ca] ca] cal cal.calcal calcalcalc a . ] . cajc
L ool oo (1 b GRUvEDY Pontso e ept SEN SRR B o BRI EER FORE RN ()
?&ilﬁg;/%ot(y G)&- l(\/g #igggégg&e(thiﬁdlﬂﬁﬁb énier, and the set of second connection points being
! ‘() - .106109&" () - 3. 109 ()-L#LOY& ().-#- . R -/ 10
10110% () - Os f@&é%%&fﬁ@%%ﬁf?@@%%&ﬁ%tﬁ%@e%ﬂe& !%ﬁm%"z ?f.l RIS of oy 1
10" y10%&' () - lcoaektion poits0Sfdhe third hip %irler bEME @%fiua) minst 0%ie(pattern of pairs

of connection points of the first chip carrier;

the third chip carrier being connected to the first bus on the first
surface of the substrate, the second edge of the third chip carrier being adjacent the

first edge of the first chip carrier.
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S109%& () - 10%&' () -~ SLO%RTh irbdrmatiph OaddiRy d¥stém of claim 1, further comprising:

a second bus haviﬁg a multiplicity of conductors formed on a second
surface of the substrate, each conductor of the second bus being positioned
opposite and electrically connected to the corresponding conductor of the first bus;

a third chip carrier having a multiplicity of pairs of connection points,
each pair of connection points comprising electrically interconnected first and second
connection points, the set of first connection points being positioned adjacent a first
edge of the third chip carrier, and the set of second connection points being
positioned adjacent a second edge of the third chip carrier, the pattern of pairs of
connection points of the third chip carrier being a virtual mirror of the pattern of pairs
of connection points of the first chip carrier;

the third chip carrier being connected to the second bus on the second
surface of the substrate opposite the first chip carrier.

4, The information handling system of ciaim 3, further comprising:

a fourth chip carrier having a multiplicity of pairs of connection pointé,
each pair of connection points comprising electricaily interconnected first and second
connection points, the set of first connection points being positioned adjacent a first
edge of the fourth chip carrier, and the set of second connection points being
positioned adjacent a second edge of the fourth chip carrier, the pattern of pairs of
connection points of the fourth chip carrier being a virtual mirror of the pattern of
pairs of connection points of the first chip carrier;

the fourth chip carrier being connected to the second bus on the
second surface of the substrate, the second edge of the fourth chip carrier being
adjacent the first edge of the third chip carrier.
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a second bus having a multiplicity of conductors formed on a second

surface of the substrate, each conductor of the second bus being positioned
opposite and electrically connected to the corresponding conductor of the first bus;

a first chip carrier having a multiplicity of pairs of connection points,
each pair of connection points comprising electrically interconnected first and second
connection points, the set of first connection points being arranged in a first pattern
adjacent a first edge of the first chip carrier, and the set of second connection points
being arranged in a second pattern adjacent a second edge of the first chip carrier,
such that the second pattern is the virtual mirror of the first pattern;

a second chip carrier having a multiplicity of pairs of connection points,
each pair of connection points comprising electrically interconnected first and second
connection poiqts, the set of first connection points being positioned adjacent a first
edge of the second chip carrier, and the set of second connection points being
positioned adjacent a second edge of the second chip carrier, the pattern of pairs of
connection points of the second chip carrier being a virtual mirror of the pattern of
pairs of connection points of the first chip carrier;

the first chip carrier being connected to the first bus on the first surface
of the substrate, and the second chip carrier being connected to the second bus on
the second surface of the substrate opposite the first chip carrier.
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being arranged in a rst pattern along a first edge of the chip carrier, and the set of

second connection points being arranged in a second pattern along a second edge
of the chip carrier, such that the second pattern is the virtual mirror of the first
pattern.

7. The virtual mirror chip carrier of claim 6, wherein the first edge of the
chip carrier is substantially parallel to the second edge of the chip carrier.

8. The virtual mirror chip carrier of claim 7, wherein the first and second
sets of connection points are symmetrical about an imaginary axis that
perpendicularly bisects each of imaginary lines that connect the first and second
connection points of each pair of connection points.

9. The virtual mirror chip carrier of claim 8, wherein each pair of

connection points is equally space apart from the adjacent pair of connection points.

10.  The virtual mirror chip carrier of claim 6, wherein the first edge of the

chip carrier is adjacent to the second edge of the chip carrier.
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perpend|cularly bisects each of imaginary lines that connect the first and second

connection points of each pair of connection points.

12.  The virtual mirror chip carrier of claim 11, wherein each pair of
connection points is equally spaced apart from the adjacent pair of connection

points.

13.  The virtual mirror chip carrier of claim 6, wherein the first and second
sets of connection points are symmetrical about an imaginary axis that
perpendicularly bisects each of imaginary lines that connect the first and second

connection points of each pair of connection points.

14.  The virtual mirror chip carrier of claim 13, wherein each pair of

connection points is equally space apart from the adjacent pair of connection points.



