; e3en) @66TGQ 0 WO (12/(15-t87 PCT/ USOL/ - 4- 4828 SOCKET AND PACKAGE 3)
PONER/ GROUND BAR APPARATUS THAT | NCREASES CURRENT CARRYI NG CAPACI TY

RESULTI NOVON2/PHEER | C PONER DELI VERY COPYRI GHT NOTI CE Com(Aiutgdi+Hiddein i s
material that is subject to copyright protection. The copyright owner has
no objection to the facsimle reproduction of the patent disclosure by any
person as it Jr*%‘")iPﬁ%ﬁ&%ﬁﬁ’%@r‘&ﬂbﬁ%@%ﬁ@é%aﬁmﬂﬁi | es or
records, butCORREYLFARRYINESAPASTEY RESYLTING IN HIGHER Ko BOWERELRER S oever . 10
BACKGROUND OF THE I NVENTION Field of the Invention The invention relates
generally to the field of Surface Mount Technol ogy (SMr) 15 Package and
Socket Designs. Mre particularly, the invention relates to providing a
-power bar and power bar carrier for increasing power and ground current

t hr ougbputCOMRMBENNATICHt egrated Circuit (1 C board and an 1 C chip while
equalizing load and current distribution. 20 Description of the Related Art
‘Wth the incre&epdinddheipid is materia) thati issubitette copyrightiprateciion. Theapyright

i nprovenents are al ways being nade in technologies that affect the ability
of an | C B¥AFhas 5o qBIEFHRato Higvresinils reRsAdHSHEM PLthe patent disslogise bysanyhe | C boar d.

Because of f. [0 cern ack stres actors, cost of

mat eri al s,pe'g@g#% '?gﬁa{%?{s bf%ﬁé?@frﬁgﬁggfa@grg%rﬁ%gfﬁgeg?aieél?ﬁkagaﬁeggs,ggt provi de sone
benef it t QHeRGisExb&dsn righBtShe LodyphnehfQ¥ &apabi l ity and provides a segue
into the next generation of techndl ogical innovation. Wth the advent of

Surfade Mount Technology {"SMI"), certain ICs that nmay be nodified, coded
or evolve in later generations, so that boards containing these ICs could
be easi |y BASJrGREUNLEPEIHEINYEWHON cal upgrade and repl acenent probl em

WO 02/ 0S~~87 PCT/ USOL/ . 4- 1828 The solution to thuwmmmummunﬁsul ted in
sockets as place-hol ders and carriages for these . The sockets
are Surfa%ﬁlmﬂﬂéﬁm@eﬂ%o the 1 C board during the sol dewone-fl ow and t hen

t he chi ps i ket placenent are easily placed and renoved fromthe
board when requ : j } at connect
t he power and glra%ﬁg%m@gG@@g&;&g@%@%}i&&ﬁﬁgg{;ginfagyt eniﬁﬁgﬁﬂg@ggwom a
limtasi omadkagaariESdcka Desighl. Mork Partiedsily) he/invantion RANEI o gRIvidiRed t hrough

t he socket. For instance, present SMI socket sizes limt the nunber of pins
to about 80@crgianand @iwer basserr@ODr picressingrpewerwand grobed deshighamgpufsor 1/ O type
signal s agd the rest are connected to, either power or ground planes. As

t echnol ogPE¥eshyH NrgEtgddrircy B VIS) bpard Abd 3t IG Hp Weilesayalidpedoadmndspeeitonal 10
power is Qutsfr@iuﬁgﬁj for any given IC, bottlenecks are created by pin

i m tati oRS" T8 Suppl yi ng ARAMRN

20  Description of the Related Art *159159*

With the increased demand for computer functionality and speed, improvements
are always being made in technologies that affect the ability of an IC board to deliver
power to components that reside on the 1C board. Because of manufacturing concerns,
package stress factors, cost of materials, etc., each generation of technological advances

25 provide some benefit to the existing state of technology capability and provides a segue
into the next generation of technological innovation. With the advent of Surface Mount
Technology (“SMT?), certain ICs that may be modified, coded or evolve in later
generations, so that boards containing these ICs could be easily upgraded, created a

practical upgrade and replacement problem.
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the power fromthe IC board to these ever increasingly power hungry IC

chi ps. The problem ari ses because even though nore pins are designated for
power tr anePEPs4H8he pin nunber limtation and the pin andPCTASE1/4482%
limtation inpose natural restrictions on the anbunt of current that can be
transferred across a set of nultiple pins desilgnat ed to a 15 E%nzgr pl ane.

One of the pri Fiersphition to Giseeeblem raskliadiip sackets aylacerholdess g cprpia b pins and

t he correspondi ng socket traces pravidin he power, to, fhos i Each pin
limts thé‘%é%?"r‘)b’r%%g 16i Wbe for?ﬁ‘aﬁ@'ﬁg‘ﬂr CH]OHEIC% 8m8@fevv\@etf9a'gn‘}é'nﬁéﬁfgg#]§%n anp F 0
one anp. Additionall [ ki s [imted
by th(rarp ar éeéﬂmgpéeﬁﬁ %}eheﬁg@gée gﬁgk rsld)cg?]{op @g}g{g@taﬁﬁag.g}gély%egg@g‘n{m;’gf .ﬁmgecause of

‘the |imted whaeweh r&a&ad PADeaRBIdgs he inprpeddidigacadthemohaet thar ea, t he
resulting resistance and i nductance of the contact reduces the current

del i vesy fhoweremdarqund s@urcgsodtied€ Soard cothe clsip bane hsovee a timiatidfndiccayse ween one
*pin and anot her pin because of irregularities in the contact. Figure 12
denonst r al@sreguipy inereasiiraly morekpowen dejigerad hagpieh dheanckiet Rfansigjiee. Poset Al | of

th k i 1201, i t .int ' i

r egeB? ;c?gg’lﬁ%g‘?t Sﬂe%‘fs’{a‘l{tg}\‘)@é}rﬁ?%rﬁb%dﬁ"lésqﬁg%og'pgoc?repqﬁsgﬁﬁtﬁegsgt% ﬁéégllé%znkelf’ r]pi ns into
I 4t or o . ! .

P baont a) auflbE SR o e Wl dddindleflarliindelled o PERARMBIAGY -

appl i ed tﬁ}lathQ Rl R hhidtSidiinpebved for BERIphhEITithdOVRE nidreaahgitationslul ts. 2
WO 02/ 0S-t87 PCT/USOL/ ~~828 Additionally, each package pin and socket trace

i m t 50t heoaepisattaindd forisryeitent]aliotibamacks erexassmicdbytrin bmigationk éor sipplyiBRI EF
DESCRI PTI ON OF THE SEVERAL VI EN6 OF THE DRAW NGS The present Glnventi onis
i | | ust rat etk pywendrpmahe Kxboand o thesp aven dicraggingla power hupgivlGeps, Th the figures

of the acconpanying drawings anqd in which |ike reference numerals refer to
simlar elPEPRIGIR 8risgh heqapsa gy ‘?:W.o”gcliU“‘n’—'F@lﬂsércfjef"§"aéedﬁt|£)bﬂ°vreé€rgpstf%fé%?8ﬁ on of a
socket and an | C pack or di . E’Jﬂ% e Rh ken. Figure
2 is a toﬂ‘umbg(/\}"g?ﬁ'ém%g%wgﬁ ﬁ‘m{{]grt@&sgel%elﬁgﬁngl nr éécrg%%ggl:gggbgﬁrﬁeael ectrically

connect ed., o, G udent A catlbel thah e Pdcfosai st 6f PakipRYsinsRYighdedtopower bar
according to one 15 enbodi nent of the invention. Figure 4 is a sinplified

socket]sacqRmdt pignd. COmene tierhivtirnboticnstk timigationy srgenasated BY Backip®ingéndnst r at es
how a package power bar may be nmounted in a socket carrier ,accq’%di ng to one
enbodi nentthotortespondingsnekebinacerprgviding ghe powsgr wdbessPIngi EAChPIRHBUS Meect | onal

view of a power bar according to one 20 di ment of the,lnpvenon.
Fi gures 7e£ugser epHedbiopsisthe at"g to,bebuseR; 08f h%ﬁg‘% 20 'S PGy BAUTES di ng to
one enbodi tﬁggltectgzal tpgv%eri &K?&; ipgr?orﬁ'lance is limited by the area where the package pin and
socket trace make contact. Because of the limited size of each pin and its corresponding
20  contact area, the resulting resistance and inductance of the contact reduces the current
delivery for each pin or provides inconsistent power transfer between one pin and another
pin because of irregularities in the contact.
Figure 12 demonstrates a prior art socket 1210 engaging an IC package 1211. All
of the package pins 1201 are inserted into and engage a socket’s pin receptacles 1202. A
25  lever 1203 is used for locking the socket pins into place and forcing contact between the
pins and their corresponding receptacles. Because of the small size of the pins, limited

force can be applied to the pins resulting in inconsistent power transfer results.



Figure 8 is an exanple of how a carrier side may be stanped from an
electrically conducting foil according to one enbodi nent of the invention.
25 Fi gur 880 92/034k8Fst rates how two foils may be nounted w t RCTASA/&t828nNn t o
forma carrier according to one enbodi nent of the invention. Figures 10 and
11 show alternative activation nechanisns for a carrier to engage a power
bar accor di\A¢jtiprallynrack prrkagerimendogockek frageipgitstthosmount efguoertasit can g7

PCT/ 11501/.I-q4_ai8 8 Fi %ure 12 provides a prior art socket engaging a prior
art packagB?®®s tértﬁ’f’%h 8Pl a top view of a prior art socket. DETAILED
DESCRI PTI ON OF THE I NVENTION 5 An | C socket and correspondi ng | C package
are described for increasing the ability to transfer power froman |IC board
‘to an | C. BREEFPRSCRIMIONTIOTHESEVERAISVRNRS OMpiBRAGVENGPVer bar carrier.
The power bar carrier receives a correspondi ng power bar 1ncorporated on
the I C package, 10 In the foll ow ng description, for the purposes of

-expl anation, nunerous specific details are set forth in order to provide a
t hor ough under sth&miesse) iBYentiofeis phusyatad by woxpf axamplerndaotby washel present

i nvention be practiced w t hout some of .the ecific detail provided
ther ol n. THEMRHS RS RS of e PoesHEe Ao ngs s 1 jeh BReTERFEcoT o ST
socket desj gneshs tFert6SE1iM elg,gsdssc YihWnah,. | east one power bar. The power bar
i nproves current 15 transter e reé‘uci ng contact resistance and

i nduct ance created by current power pin contact sizes. The invention,
however, is not limted to this particular enbodi nent alone, nor is it
linmtet0to use Figuednis ahighileve! dépidtionnfa pekétiaod halC maokdpe nadarding ofonpi Ns and
power bars nor is it limted to use in SMI environnments. For exanple, the
cl ai med appBRPuimTeNt theyinysdtiosed 20 in conjunction with any |1 C board where
utilization of ower bar .manuf actured package inproves power delivery to
the I1C and the lﬁ%&r"\gg‘éé - {0} YA %t‘ﬂ‘fk‘glvﬁﬁv ngagg’ﬂft@c Placlepareglacifaliescr i pt i on
Figure 1 iJ:clnH%%éd"?‘t es a high level depiction of socket and I C package
according to one enbodi nent of the invention. An |IC package 101 having a
power plane (NQtig&R@andi3s iNRuRead 1€ Eﬁ&kag’e 9 mEatpolebar 18R difg BRKage 101
has multi ple input/output pins 104 that are inserted into correspondi ng
socket 150l esbatiidbentt of theirvestiomr ri ng and receiving 4 V1'O 02/11S. L~87

PCT/ USOL1/ ~- 4828 i nformatj onal input/output (1/0Q) signals necessary for the
proper functi orfigurgdeis asimpifigd SOLCE@ apeerding (9 qngsmpediagitpf eng ipyenton-he | C
package |101. Alt.hou other electrically conductive mater.i als nay be used,
in this enmbodi Fl'frcgl‘&glﬁ)ﬁgfate(séﬁy aﬁgﬁ\ﬁge\é‘é‘?’erfﬁmf%b%’aﬂﬁ‘é 184 50%Ct he power

pl ane 102 n‘?&gcéotnﬁngg)tdnre%m@géiﬁﬁwtlgqrn%‘ﬁfior%08 and extrudes fromb5 the 1C

package to be insert Into a correspondi ng power bar carrier 109
i ncor por at ed i IFighie 65196 k&ked With a drodselitiongl vide Benpaver baQictstdingR énsed to

force the I/Othe pin receptacle
20  embodiment of the invention.
Figures 7a and 7b demonstrate a carrier engaging a power ba according to one
embodiment of the invention r. |
Figure 8 is an example of how a carrier side may be stamped from an electrically
conducting foil according to one embodiment of the invention.
25 Figures 9 illustrates how two foils may be mounted with insulation to form a
carrier according to one embodiment of the invention.

Figures 10 and 11 show alternative activation mechanisms for a carrier to engage

a power bar according to one embodiment of the invention.
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contacts to nake contact with their corresponding pins, while a second

| ocki ng mechani sm 111 may be enpl oyed to separately |ock the power bar
carrier twobhesspswer bar. Figure 13 is a top view of a pripcrm/usot/48egket
1310 (the view fromwhich the package 10 woul d engage the socket)
containing nmultiple pin receptacles 131 | that connect to pads for surface
mount i ng on t heFigntrel2stredesra priee ars seckettengapiieg privr pe pegkags| es |1 311 each have
a correspondi ng_contact 1312 for receivi and abutting to the package pins
when the IC pac@%ﬁ@’ﬁ@séﬁﬁﬁﬁﬁﬂo %FH“?H@°Q%Eket. An insul at ed socket - housi ng
barrier 1313 prevents any contact between any of the pins I 311 and their
respective contacts 1312 with any 15 adjacent pin. The pin size has been
.reduced over tipeTAUSED DESORPTAONDEFHEMNVERNTEON re fl ow and packagi ng
advances such as SMI and C4 technol ogies. |Increased functionality has

resul tedl in i ncAe#seatkptomd comissaridias ICqacidgeardesdoiyfed foe inctsasiayhe abiliy t he
-poi nt where power and ground nust be supplied through nultiple pins.

However , t Hetrassigr povwes frgpcan Ifeboargrie ae 16 E@tm@@ﬁtuﬁ preomipadeesa socket r ecept acl e

and the package pin limt the power that may 20 be supplied to an I C from
an | C boar H‘.Cﬁ‘%ﬂ‘éiatﬂoﬁ’ﬁbli’qr)‘??"'?%e er?&W’il@ﬁ&‘f"‘fﬁ'ﬁ%"“@éﬁ§W%P@ﬂi“’]ﬁd¥?wﬁhbﬁ orm

current di i i qkﬁg n the different pins that are utilized to supply
t he power ?%B#Eéhfggﬁg%k ggggéhile Figure 13 denonstrates the present state
of the art, Figure 2 conceptually denonstrates a portion of the phil osophy

behi nd¢ he innomatd fbﬂoﬁmghegcrim,w&ﬁ@ﬁmwmxﬁ%aﬂaﬁkﬁ%mﬁp pggents from
t he socket perspective. Several pin receptacles 221 or 5 (12/115.187

PCT/ USOL/ ~déi&tsShre& @0 Foritis or_;@i&zto(i)?&iid}f@th@r@uélpﬁndﬁﬁiéﬁﬂin%fﬁﬂ@B@Een@fn@erﬁ]oﬁpt rically
bound together by a shorting piece of copper 223. t hough the shorting

pi ece of cppRever)the peRANiInb&tdn ARy Be hfadtRd MathoGaBRB of ha kpe[TicRidfaloSes, one
enbodi nent contenpl ates several pins and their shorting piece constructed

from a si ngloQide®@MRRiin. Ftelinvetiasis UescHBed HEAphR&IF W AR ofSWMAGRK&r ea and
di stribution path. The pins may be connected in any configuration that

makes sensgesigied o ceh@naC wafh dt RAstlofe PAGer AL - ThEQoRECHRTRIIBISR Lty Ncr eased

current capability of the new socket design, the | C package should al so be
nodi fiedl s@adshtvhale RALEIhEEGRAEt ROBENAQINI HeGbtEndeRrdafR bR Ic et P%fp@r{ ring the
power fromthe socket to the IC. Miultiple socket pin receptacles 225, that
i ncl ude |/ &npdchsiz@cept acl es or other pin 10 receptacl es where current

t hroughput is not crucial, are connected to nultiple IC package pins,
socket traces artt ip@ntias hswedehis Bitllinited BABR pafticRREGNIRIRENR aldnd RBMG jtCUr I ent
carrying capacity, whether limted by the socket pin receptacle or the IC
package pi limitedtolned aBRjuRct NN Partiduld GO mbRRAGENSE)iM dhd Pbivbr baiticPR 1S wel |
known in the art, a conplete discussion of their construction and

i mpl ement aitiligfited o @8 $}T.entifonfifents! |FUBéxléﬂ|¥)ie}/the tlinRAGKkpaeus ARy BONeat ed by
the invention is shown in nore detail in figures 3a and 3b. Although

vari ouso pl aneajufdtionvathsanp 1@ BEsd Wi¥reaiilisdtioh Bf 4 Pewd dakngificRired Wk lgsg t he
power and ground for the IC, Figure 3a denonstrates two power planes, one
for hol di ngnprofes howerwieliteag & thelE&hndahebaaneassaniblh elchiolsbyaugeend vol t age

| evel . For sinplicity these voltages levels will be referred to as power
and ground. By convention, the term 20 "power" enconpasses the notion of
ground and the nonencl ature verbalized with reference to power planes and
power bar sDetailddDeciigtioant i on does not deviate fromthat convention.
Arbitrarily, the power plane 301 resides above the ground plane 302

al though it is migirk | indesss ohigh iveltdepiotat 6f30ckebaridIClachagdhccoriiidithi onal 1y, a
plane in this context is one |evel of copper although a plane that is not
restri 23 edoreGnibopineint efith@inséntigh.eAh @€ @hckage AB Ma0iRE @ ppwatmshe (Fakh@xanpl e, a
.ground pl ane could be constructed of any conducti ng WO 02/ 0S-1-1L87 PCT/ |
S111 / ~- L8inoumied intah saukek 19pr Thell@parkapesiov daamhultipie dlpaiv/outpitipms|104 prackage
303. The ground power plane's extrusion panel 304 could connect directly to
.one or nor e bfsettddcngrconespopdisneska holeg 1 03 for entsieringaifl dsveivingedge 311 to the
ground pl ane. 4



In this enbodi ment, a power bar 310 conprises two power plane extrusion
panel s 304 and 305 that are separated by an insulating buffer panel 306 for
prot ecti NgowpesHst egrity of the power signals to be delivetadddoy+event i ng
short circuiting. The ground power plane extrusion panel 304 is connected
along its entire adjacent bordering edge 3 i 1 to the ground power plane
302 by sol defprmmtiona]inpptpuspt (R} signafsnecessane for pheapepes functienabepesaioalof 305 i s
connected along its entire adjacent bordering edge to the power plane 301
via 10 sol therlCohipelflgiintagraisd withihg ‘ﬁsl@P'ﬁ’lgPéW-bquué'F ofheirrictragity al ong t he

per pendi cul ar circunference of the power plane extrusion panel 305 isol ates
t he power sPrdyetivexnaterédlomaybmesed. 3othisengipdimeat g Copnes (G Fawenda \WAds e t he
.power plane extrusion panel 305 penetrates or passes through the ground

pl ane 302. cEneptesiibe poverdlana A2 dorg isangre gsiasent border K18 apdsxigides fempower bar
31 0 my have | S various contact extrusions, bunps or ridges to enable

i nt ent i Bnalthedfgragkags tobe insrated Mty corsRONGIRPPWRIRar eagrigr KIgdncerporated inhj s
enbodi ment, several protrusions in the formof regularly spaced bunps or

ri dges 309 therseckes i@y Alqcking msshanisay! Wrgemplpnsddo Sy the 1/Oghe pinaecspigele or
ground extrusion panels to assjst in the intentional en?aging or lLocking in
pl ace of t [SANIARLS l94Rakegantact wah their cortssnopging prerhileaseand Tockme meshaidsmer bar
renoves the inherent limtations of transferring power to an |IC through

pi ns by prdVl Bakge smployeskip separately fock te nowst bas cariprta themoaver bty eased sur f ace
and contact area provides substantial power delivery capabilities while

al so provi di ng Eigursi Bdf atapeliew efapris am serketd 3 A ghe viewfeams whish thetpaskage and

i nduct ance caused by nmultiple pins. 7 WO 02/ CS~~87 PCT/ USUl/-9g828 Fi gure
4 i1 udfr atyldengegrehe wketg%nnw@vg mukipledin wrepacksd R bk thatcepregt w@adofopne
enbodi mrent where the carrier 410 has two eIectricaIIY conducting side

panel s 401 syiase appndrgRly the uedemjdenf hissoekshdlheniveceniaclasd8 | berchhrves03. The
non- conductive insulating material nay be fornmed fromone nold or pieced

t oget her t Somespendingecoptact bild frdsrsiying and apiipg toghs paskagspinseyhen hsdCpi n
receptacles (not, shown), In this enbodi ment, the electrically conducting

si de panel $adkgge is5ngaped g e seekslr AyaBsWAled seskat-Reusing barriesd 4y Prevsntc commodat e
bot h power and ground power plane extrusiqgn panels 304 and 305 from a
package powaY cczfgéwt betvesncnyof the @1ns d ik andaheinyigepeetive coBiRes | H2rWithaWi er are
shown to be a ful] length and straight |ine design, the invention

cont enpPat @diagamy Pign d Be Pisizs bakheen srduged Pveidimeysdn ahip gopplawty: 19dess- carrier .
The power bar carrier, and the power bhar are always designed tq carry nore

current t hdle™and rackasing ¢ Yagressrchas T angdiC4 echngioiics.e ncrepsed dungfipalifn o
power bar replaces.two pins such that |nstead of Vi n bottl eneck of the
i ndi vi dual B W%H“efiﬁblnﬁ'@gﬂﬁatpo\‘f?f NG eﬁﬁnﬁ%‘&dh% &VFF& %%membwm bar

design such that a | arger surface area exists, where the surface area is

nol tsi ve GPVEHRdEoad Jyust ecuppl i i @mtﬁr'h‘s Y OWﬁ@rébfa@eS%alef 9& woul d
normal |y have been insul atjon, between them tinmal)y, although the design
s not %o PRRGEBEIEPnIBesackelpin TAEBIGK oae B, pRkags BE s BoWCT IR 1 or ol

pins and pi.n receptacl es. that uld normal |y be associated with a given
oo - Abande sprirblsen s iR R, AT (8 BT RO PRSGHAF LieBARy and
power delivery capabil.ity.. The SOCGFt- ultinmatel y.b | aced on an IC
boar d,  sucKREmCRERt isiribisiop bEERR e ifTerint ping BRLIre HEVHRAIOHEPY Mas ¢ he
design conte Iate% use in a solder-flow process used by existing

t echnol ogi #8WeSAENF LPERARE.  he nounting pads 405 on the bottom of the
socket are prodyged kno nmet hods and are spaced as required. Figure 5
denonstr at es ho%‘edpb%éer rbo@%‘]“oé‘étf‘?‘?séﬁe ?fﬁ%?"b%atﬁﬁ{}ﬁ? &% Fla'ﬁ'tr%?go@f)@k@{y. The
power bar SO L in this enbodi nent is de of. several segnents 50 each
ot gnod t JemEnsugies BORN SLTE R LA AR B R B ouRr SR BraPT g The
power r 501 is initially se V1'O 02/.11;4.187.. PCT/ US| ~~828 into the
carri e%ls u@ﬂd‘taﬁ%?"hia?ceﬂqéaﬁsﬁ?"] the ﬁochéﬁ‘isf’%cﬂv %ervgraﬂ'e}"&fﬁ?tgcj?sﬁlzé %mde. Upon
sliding the power bar into position, each of the segnents align with their
correspondi ng contacts and the spring gprtion of the carrier's contacts
apply the force necessary to establish the electrical connection. 5 Figure
6 depicts a socket 600 with several input/output (1/0O type pin receptacles
60l and a power bar carrier 602 that may be located in the center of the
socket 600. A cross-sectional view of a power bar b03 detached fromthe
package sitting in the carrier 602 is also illustrated. Al though a power
bar in which the entire surface of each power plane extrusion panel
contacts the entire contact surface of its corresponding electrically 10

conducting carrier panel is contenplated, this enbodi ment has contact bunps
604 so that the package can engage the carrier by a physical shift that



t he power bar bunps as denonstrated in Figure 7a and 7b. Figures 7a and 7b
show a power bar 70l with power and ground pl ane extrusion panels 702 and
703 havi wgo opm4agt bunps 704 and t he extrudi ng contact buRp3/uspi/peses | 5
contact spring elenents 705 of the carrier's corresponding carrier foil.
Figure 7a shows the power bar before it is en&ggyed with the socket carrier
and Fi gur econacty 124 designated forpovspiigisten are edssyicgByboung fogether yorshettingar r i er
bunps. Because the power bar nay have a different alignment with the socket
carrier thBRCeHeorpenZat mlthoyeh WE shortngpipeerof cappenisishawn base geaiaseforat ed in
Figure 1, the engagenent shift | | | for the power bar may be perforned 20
i ndependenf§orgiralaRPUINoEsSpPNs caNgAEREIINteIPiates several Pins ek tigis skastinge socket .
.For instance, two activation nechanjsns nay exi st on the socket to engage
the vari ouBie¢§ aBatrysted fioria bingle gPPerfotisp ag loynaximize fig|curreis surfage PA akbchani sm
{not shown) nmay be used to engage the package pins while another activation
‘mechani 3m @é‘g‘gkﬁ“é‘ Rt oS IS HRAY P Seunseted imany capligusation thay makestsersa foray cause

t he power tglar t.o etgﬁ?agﬁ W'kth the carrier. A discussion of 25 how an

acti vat i ontNgEEHEHe RRekage T aeqestmadatedhymefgasgd ewranbeapabilityidg thserage is 9
WO 02/ 0S-4.t87 PCT/USQL/ ~~828 om jted becayse such nmechani sns are wel |
known in t?Péﬁ%fl*&'g?’ﬁheggdé‘f*ﬁgﬁS‘@g’}‘{ﬂ}@r%et’ﬁ%ﬁg%\/%r‘haéf‘PP@F@ﬁl‘ dges nohescuhy

reduci ng con ctance, the shape of the contacts and

t he power Wébggitﬁﬁ{’%%if%ﬁ%]‘g?eB&‘{’]gﬁ:ogﬁtg? prskef toithelfzed for the pins. By

ho power del | VERIPEGREGERE TGEREHE HouBR P ITILS RaFSAPElS PLVRRER | mpr ove.

e b MR e R R S A

8 Shows. anP B ATHLIBE HEVGoAREop BT GERL KRS BN CBRRGERTAG fo |
O o BhaD S B O Dt oG e KB 7 B PR e, b
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embodi ment l% istvt/]e Iunderstood that location is irrelevant. Additionally, a plane in this context is one

level of copper although a plane that is not restricted to copper or a single level is

25  contemplated. For example, a ground plane could be constructed of any conducting



are limted only by the scope and | anguage of the clains are contenpl ated
as would be 5 obvious to soneone possessing ordinary skill in the art -and
havi ng t heoloemsfst of this disclosure. WO 02/ 0S-t 87 PCT/PO30IS01/4482828
CLAIMS What is clainmed is: 1. An integrated circuit (I1C) package
conprising: 5 a first power plane; and a power bar including a first
conduct i ng mgteniel and|spiead proend spvardrenstsia thets paekage 30%tThesamndpbwere al ong a
first adjacent edge. 2. The ICJ)ackage_ of claim1l wherein the 1C package
further inélanefesxtasipadendl 3pbord gsnaerd disectly te pregrinyorg ebthegwound plamast he fir st
power plane; and 10 a second conducting panel electrically connected to the
second powelongjtaensirgadiagsat qdge HlciR Akfeeratndilang. second adj acent edge. 3. The
-1 C package of Claim2, wherein the power bar further includes a
nonconduct i ng i lishis gmbedimsame powesbar bk comptists twe pawerabing gatrising Reaelel from
the second conducting panel. 15 4. The |C package of Claim1, wherein the
.pover bar B aKI05ithid pisperargpbbin 'ﬁﬂf’%‘“é@H&'Erd’LaP 06 fprpeotedtiag thei cal | y

connected to the first conducting panel. 5. The | C package of C aim 3,

wher ei n t hdntggsReef thapowersighals tq Meﬁu@gd Brrrewantingshoriciravitieg.i Ty eoennds
electrically connected to one or nore of the first conducting panel and the
second conddverianggxersionamng 304 qopnestpd along iteentire pdjagentiyordasing edgecHiipri si ng:
a power bar carrier, wherein the power bar carrier includes a first

conduct i ng'phaerouad pesveripkage BY2 Boipldes ar eayivalens viife the pevegriplane eftrusisnduct i ng
pads. 12 WO 112/G.~. 187 PCT/U S01 /.1828 7. The |C socket of claim6
wher ei n t h@arel P&y is eorgeied plaeg ivasndre sdjacem berderieg ¢dgedo Baeower planed0t siaduct i ng
cont acts extendi ng beyond the Periphery of the conducting panel and coupl ed
to thelfirselderoRaditvaléndg Aadnsplation barrer pagsd BRT algpe b aemerioWRsr ein the first
conducting panel and the one or nore 5 conducting contacts are stanped from
a single c6ielrRiErenss afdha powst phaprexirusion panst 3A5risiates the powerpEANE FHUSI® one or
nore conducting contacts are conpressibly and electrically engageable. |0.
The | C socR#te! gQS fzemthe greur\m&négﬁ PR Ji5Pover pideexbisriomeachiScont act s are
conprised of a bent conducting material. | O 11. The |IC socket of claim7,
wher ei n t h@ensHateser nasses thegeh tha sravpdadanea82.s furt her conprise a spring
constant. 12. The | C socket of claim®6 wherein the power bar carrier
further includeBach powenerreund guEusionpapel 38t oedBcafthecnamey barddpmen hes a second
plurality of conducting pads. 13. The |IC socket of claim 12 wherein the
second & ondRriQus pRNIFFAREIUSogs, byEIas af rédges toswnbls intgntionsl eagagingfithedCng panel .

14. The 1C socket of claimb further conprising an activation nmechani sm

t hat causegackage power bar to a socket. In this embodiment, several protrusions in the form of

regularly spaced bumps or ridges 309 are integrally connected and formed as part of the
power or ground extrusion panels to assist in the intentional engaging or locking in place
of the [C package power bar to the socket carrier.

20 The power bar removes the inherent limitations of transferring power to an I1C
through pins by providing a larger surface and contact area. The increased surface and
contact area provides substantial power delivery capabilities while also providing a
uniform delivery mechanism that reduces resistance and inductance caused by multiple

pins.



the power bar carrier to engage a power bar of a correspondi ng | C package.
15. The 1 C socket of Caim6 further conprising one or nore pin

recept aclve®@ 02/68487The | C socket of Claim 15 further conpri CAgQ1/fisest
activation mechanismthat 20 causes the power bar carrier to engage a power
bar of a corresponding |IC package 13 . WO U2/ (1-t.187 PCI/USUl/e828 with a
first force andFiau@édﬁhﬂfatféﬁipvwﬁQBhC%@Waﬁlogm B Reskelserdivgthencone or nore
pin receptacles to engage one or nore pins with a second force. 17. The (C

socket of @nbodimew whees 8¢ partiered 1 hpsiworedpciisabivepndneting side manel ol @nd @2
substantially equivalent. 5 18. The IC socket of Caimi15 further

conpri si ngseparatasttinaanoncendist rainpuationtbar 403 rhlie namreendstivedrautagiag magrigower bar
«carrier to enga%e a power bar with a first force and causes the one or nore
pi n recept aaybs farmed figagwme orvdd erpigrsd Eogpihersiopldrihavasiosbentdpaiive poweardar The | C
socket of Claim 18 wherein the first force and the second force are |10
.subst anfi akariersgnd pigiregeptaclpn(noighownl g this ermbaediment; the ¢lpatyicabiywendugidng ver y
system conprising: an | C socket including a power bar carrier conprising a
first condsidePasistidend 40%we peperiad\pydbyjstier in Q5de te peecemmepate Aoth powest
conducting pads; and an | C package including a first power plane and a
power bar atthgrened W%PPF‘F%’t’““ﬁ‘%%"é’ﬁcﬁ%tﬂ%é&pﬁ%lﬁPé?“é%QPQ"tedIbPry connected to
the first power plane along a first adjacent edge. 21. The | C power

del i very syMdtheyghghe pevadr pprand sheatosienbar garriecang shiqvdnte be afélhisngth Aed siight o
second power plane electrically isolated fromthe first power plane; and 20
a second cnedesignndic pvgationgoniemplates any shaphefaromest bargnd pasrespending pevdler pl ane
of the |IC package along a second adjacent edge. 22. The |C power delivery
syst emlBf Ohrgiarriep.] Thewpraves bar catiier ¢ poysar bpigre plevays designerk® carmmereconduct i ng
insul ati on panel separating the first conducting panel fromthe second
conduct i ngCyagné fhan fhe combination of pins that it replaces. Ata minimum, a power bar replaces
two pins such that instead of having a bottleneck of the individual pins, the socket
configuration need only have one power bar design such that a larger surface area exists
where the surface area is inclusive of the size of the individual pins plus the space that
15 would normally have been insulation between them. Optimally, although the design is not
so limited, a power bar design accommodates the replacement for all pins and pin
receptacles that would normally be associated with a given power plane in order to
optimize current distribution, consistency and power delivery capability.
The socket may ultimately be placed on an IC board, such as a Central Processing
20  Unit (CPU) motherboard. As the design contemplates use in a solder-flow process used
by existing technologies, such as SMT, the mounting pads 405 on the bottom of the socket
are produced by known methods and are spaced as required.
Figure 5 demonstrates how a power bar carrier may be mounted into a socket. The

power bar 501 in this embodiment is made of several segments 502, each designed to

25  correspond with contact portions 503 of a carrier 504. The power bar 501 is initially set



WO 12/ C6~-t 87 PCT/USOL1-4.1t828 23. The | C power delivery systemof Caim
20, wherein the power bar further includes one or nore conducting bunps

el ectri cavoy/iosmsiected to the first conducting panel. 24. POTaS0C4{08er
delivery systemof O aim22, wherein the power bar further includes one or
more conducting bunps electrically connected to one or nore of the first 5
conduct i nginppathelcamigrisuch ghat i begins B@TIBEPhyherane Fontasis made. Upopdiding tHel i very
system of claim 20, wherein the first conducting panel further includes one
or nore conewettanintepasitipa: eack et b sigmgntsalighith heir gerr¢spersing eontagtyand
conducting panel and coupled to the first conducting panel. 26. The IC
power del i Whersprisgpartion off thaxrastion somniapfe pently thefiercg necsssary dpeidtlisihthepanel and 10
‘the one or nore conducting contacts are stanped froma single conducting
foil. 27. ¥leetricd cpoiestiordel i very system of claim 25, wherein the one or nore
conducting contacts are conpressi bly and electrically engageable. 28. The
-1C powef del i veFigum\pbdepitisst soelkes AR wh saypeat wpw/quipait 64{% tye pivresepianiesuct i ng
contacts are conprised of a bent conducting material. 15 29. The | C power
del i very s¥8t aid dpover arparsr 6Qdbaangy BeHacaisddn e camercof dhenoakat 60y dont act s
further conprise a spring constant. 30. The |C power delivery system of

cl ai m 20 weEsEhestionad visyod 2 PRYer kan P datached froma thejpaehagel siging is espmiet onduct i ng
panel electrically coupled to a second plurality of conducting pads. 20 31.
The 1 C powéP?2 isetlsoylysiraisd.s ABRUSH apoRPnhasm whieh tie gntirg surase gherck 8pverct i ng

panel is insulated fromthe first conducting panel. 15 WO 02/ 05~~87

PCT/ US01/ - §Bpgexusioppane] cofigskithe getire gt gtyg%wﬁ isicogrpsppndingeleqirieallyy
conprising an activation nechanismthat causes the power bar carrier to
engage 18 p&orductingcagier ganchiscanismnlatedgthiscmbadirgaichas gantact humpi0dsauttiat del i very
systemof Claim20 further conprising one or nore pin 5 receptacl es. 34.
The | C powdie raekage eanengogs therpastiercy 2 niysicn! shift thab pligns therdaerien Juraps withs t
activation nechanismthat causes the power bar carrier to engage a power
bar of a cHrerroxspbrIibHEPS & demorstpsedin Figuee T4and’bf or ce and a second
activation nechani smthat causes the one or nore pin recePt acl es to engage
one or nore pi nEighfes fa anh D havahewenbaEd01 wish pawer apderosndplaprextvigiey syst em
of Claim34 wherein the first force and the second force are substantially
equi val ent Pamgds 702raad 73 bryigrcopsrt Ruay 794 anddhs otruding contas bpgips ¢rdentconpri si ng
an activation nechani smthat sinultaneously causes the power_bar carrier to
engage 'a p&oRERct sering clemepts; 195 9f thecarrier s ereespanging sprsiesfoiln Eigyre’aghowbr e pin
receptacles to engage_one or nore pins with a second force. 37. The IC
power del i \S@rBP“@pg‘%fgﬁfO& it {5 exqgaged ayi OFkft eaeerrang §igureoftcibugiies tke second

force are substanti al Idy equivalent. 16 . AH
power bar engaged with the socket carrier bumps. Because the power bar may have a

different alignment with the socket carrier than the I/O pins to the 1/0 pin receptacles, as
demonstrated in Figure 1, the engagement shift 111 for the power bar may be performed
20  independently of the 1/0 pin engagement 110 for the package to the socket. For instance,
two activation mechanisms may exist on the socket to engage the various types of
receptacles. Similarly, a single activation mechanism (not shown) may be used to engage
the package pins while another activation mechanism capable of applying pressure in a
different direction may cause the power bar to engage with the carrier. A discussion of

25  how an activation mechanism causes a socket to engage a corresponding package is
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are connected to extrusions 802 stamped at the base of the foil to provide for a SMT

15 soldering of the socket to an IC board. Two foils 901 and 902 similar to those shown in
Figure 8 are sandwiched in an insulating material 903 along their main conducting
surfaces as shown in Figure 9. The entire carrier is then connected into a power bar socket
904 which is then capable of receiving a corresponding power bar package 905.

Figures 10 and 11 demonstrate two alternative embodiments where the power bar

20 is engaged by a spring type mechanism, here a bent carrier panel. In Figure 10, a single
spring 1001 applies the contact for one power plane extrusion of the power bar while
pressing the power bar into contact with the other carrier side 1002. Alternatively, Figure
11 demonstrates a carrier employing two bent spring panels 1101 to engage the respective

panels of the power bar.

25  Alternative Embodiments
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10% & ()-YI0OU & ()-@L10% & ()-Y -10% & ()-1z10% & ()-j ! WIEVK@ 10Z

10%0% & ()-Y&$ 10% & ()-1"10% & ()- 10% & ()-@O0% & ()-310% & () - AdEVK@

10Z 100@ 10% & The forpodgsiesceiptiomipggenenstrated seyegakenihodiments of the invention.

10% & ()-'10% & ()-1<bC 10Z 1 10% & ()-sOM 10%&'&)- 10/ 10/

10/ F510% &1t(iy understorgdghqweve; that hegnyeqtjonaretims be fimited to@np spegific) - Y10% & () -

| 10%4 & ()- '10% & ()- @O0%& ()-3 10% & ()- {dEbC 10Z 11$ 10% & () -
embodiment and that all examples are only illustrative. Numerous other embodiments that

are limited only by the scope and language of the claims are contemplated as would be
5  obvious to someone possessing ordinary skill in the art and having the benefit of this

disclosure.

11
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[ 10/ /'Y610%/ /& ()--Y410% & ()-'('109%& ()- 'I(!'109%/0/ & () -
| &Z10% & WP-02/05448Kk"dEM?1 10 / / 10@ 109%&' ()-10%& ()- ! 10MET(YSOYVIEN&' () -
"&10%& () - &109& () - k""#m#$! %4 &AEM?1 10 / /
10f #109%&' () -ys!'!'109%& ()-10%& ()-yZ"10%& ()-F
10%&' (OLAIDIR' ()-}&81'J' ' G(dEM?1 10 / / 10f510%& ()-&3109& ()-F
31310% ()- @10%& ()-9-10% ()-fF+10%& ()-G(I (J(K(L([(k(+f+bC
What is claimed is:
1. An integrated circuit (IC) package comprising:
5 a first power plane; and

a power bar including a first conducting panel electrically connected to the first

power plane along a first adjacent edge.
2. The IC package of claim 1 wherein the 1C package further includes
a second power plane electrically isolated from the first power plane; and

10 a second conducting panel electrically connected to the second power plane of the

1C package along a second adjacent edge.

3. The IC package of Claim 2, wherein the power bar further includes a non-
conducting insulation panel separating the first conducting panel from the second

conducting panel.

15 4 The IC package of Claim 1, wherein the power bar further includes one or more

conducting bumps electrically connected to the first conducting panel.

5. The IC package of Claim 3, wherein the power bar further includes one or more
conducting bumps electrically connected to one or more of the first conducting

panel and the second conducing panel.
20 6. An Integrated Circuit (IC) socket comprising:

a power bar carrier, wherein the power bar carrier includes a first conducting panel

electrically coupled to a first plurality of conducting pads.

12
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77dEbC 10 / / 1 -10% ()-@+ 109%&' ()-#10%&' ()-f!10%&' ()-3

7. The IC socket of claim 6, wherem the first conducting panel further includes one or

more conducting contacts extending beyond the periphery of the conducting panel

and coupled to the first conducting panel.

8. The socket of Claim 7 wherein the first conducting panel and the one or more
5 conducting contacts are stamped from a single conducting foil.
9. The IC socket of claim 7, wherein the one or more conducting contacts are

compressibly and electrically engageable.

10.  The IC socket of claim 7, wherein the one or more conducting contacts are

comprised of a bent conducting material.

10 11.  The IC socket of claim 7, wherein the one or more conducting contacts further

comprise a spring constant.

12.  The IC socket of claim 6 wherein the power bar carrier further includes a second

conducting panel electrically coupled to a second plurality of conducting pads.

13.  The IC socket of claim 12 wherein the second conducting panel is insulated from

15 the first conducting panel.

14.  The IC socket of claim 6 further comprising an activation mechanism that causes

the power bar carrier to engage a power bar of a corresponding 1C package.
15.  The IC socket of Claim 6 further comprising one or more pin receptacles.
16.  The IC socket of Claim 15 further comprising a first activation mechanism that

20 ~ causes the power bar carrier to engage a power bar of a corresponding IC package

13
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1 DS9" 10 & 10%& ()-S 10%& ()-"910%& ()-910%& ()- 10 10

10S9" 109&' () - 2 SEitbp Brbireind a se¢ond aqitypHiogmeghapsitbasgaysys the oge ¢rymore

109%&' ()-y! 109%& () - Y109%&' ()-FEEG GH Il I1dE:/ 10

108t 10%& () - f @RDIELEPLRCIES (PEUERSE PO YO PRS WithPARDI&OTEs-- y1 1 1 1098 ()-111-1KK
. . o/R' - o/R' - o/R' - o/R' _! /R, - |_1 O/ ! -
1|(5II:)I\(/\C(N{\IN% %g:/fTé%mgjégﬁgg%la% !l: é gl{%@t(pq)@hf( égbf)‘rc(e)and tghch:%e/c%m(i )forcsze areo &0

10%& () - #@LOY& ()b-f 1109 () -10%& ()-00 QQ+Q Q Q QxXXnbC 10L10% & ()- 10
10 substantially equivalent.

5 18.  The IC socket of Claim 15 further comprising an activation mechanism that
simultaneously causes the power bar carrier to engage a power bar with a first
force and causes the one or more pin receptacles to engage one or more pins with a
second force.
19.  The IC socket of Claim 18 wherein the first force and the second force are
10 substantially equivalent.
20.  An integrated circuit (IC) power delivery system comprising:
an 1C socket including a power bar carrier comprising a first conducting panel
electrically coupled to a first plurality of conducting pads; and
an IC package including a first power plane and a power bar comprising a first
IS conducting panel electrically connected to the first power plane along a first

adjacent edge.

21.  The IC power delivery system of claim 20 wherein the IC package further

includes:

a second power plane electrically isolated from the first power plane; and

20 a second conducting panel electrically connected to the second power plane of the

IC package along a second adjacent edge.

22.  The IC power delivery system of Claim 21, wherein the power bar further includes
a non-conducting insulation panel separating the first conducting panel from the

second conducting panel.

14
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25.  The IC power delivery system of claim 20, wherein the first conducting panel
further includes one or more conducting contacts extending beyond the periphery

of the conducting panel and coupled to the first conducting panel.

26.  The IC power delivery system of Claim 25 wherein the first conducting panel and

10 the one or more conducting contacts are stamped from a single conducting foil.

27.  The IC power delivery system of claim 25, wherein the one or more conducting

contacts are compressibly and electrically engageable.

28.  The IC power delivery system of claim 25, wherein the one or more conducting

contacts are comprised of a bent conducting material.

15 29.  TheIC power delivery system of claim 25, wherein the one or more conducting

contacts further comprise a spring constant.

30.  The IC power delivery system of claim 20 wherein the power bar carrier further
includes a second conducting panel electrically coupled to a second plurality of

conducting pads.

20 31.  TheIC power delivery system of claim 30 wherein the second conducting panel is

insulated from the first conducting panel.
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mechanism that causes the power bar carrier to engage a power bar of a
corresponding IC package with a first force and a second activation mechanism
that causes the one or more pin receptacles to engage one or more pins with a
10 second force.
35.  The IC power delivery system of Claim 34 wherein the first force and the second
force are substantially equivalent.
36.  The IC power delivery system of Claim 33 further comprising an activation
mechanism that simultaneously causes the power bar carrier to engage a power bar
15 with a first force and causes the one or more pin receptacles to engage one or more
pins with a second force.
37.  The IC power delivery system of Claim 36 wherein the first force and the second

force are substantially equivalent.
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