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n)

CONNECTI NG A PONER CONVERTER TO A L AND GRI D ARRAY SOCKET FI ELD OF THE
| NVENTI ONO 03/bBepr esent invention rel ates generally to poRET/chelBedsdy f or

“electronic circuits 5 and, nore particularly, to an inproved power

-

connector for land grid array (LGA) central processing unit (CPU) sockets.
BACKGROUND A st andard cSYRTERF ANPSVIERRGD FOR C?NNW'G&Q integrated circuit
devi ces nount ed tA POWERIEONMEREER JiQ Ali ANPGGRID ARRY 3OCKEDt her boar d

using a socket or simlar type of 10 electrical connector. The notherboard
is supplied with voltage froma power supply, usually at a higher DC | evel

than i s redUELSJOFTHRENVENIGON ed circuit device. Currently, a voltage
regulator (i.e., a DC-DC converter) is used in certain hi gfh per f or mance
conput er syst emdhalpoesgntvinvéntian e lates generallyr ayponpGARlives: [t electrppic Canspits
processing unit (CPU) package that connects to the socket consists of an

i nt egr atsed anidy @oietpattiubidy) toan (Bpryved poveir cprnsetoe for fandesid enier (L6 D) eenrakkage
substrate using flipchip ball grid array (PCBGA) which, in turn, is

sol der ed t grodeesisg atet (@PUasodketser poser using ball grid array (BGA)

technol ogy. The package substrate connects to the PGA socket using multiple
contacts in a matrix arrangenent each having a pin type tail. The DC- DC

converter c | nsists of a nmufti-layer flex board and an edge-card
connect or tﬁg{if&%%ﬁggﬁg to 20 one edge of the interposer substrate. The

ecer ont OV Rl SHAES IR (TTELARS e ASprasdl ka2 P

socket in the v converter 1s then
ﬁégﬁgg?gn: ntotahlgrg%(-p?iﬁgeg CISI‘LLiIi%j chagd Erilor»\gncgsi Y lrﬁo{hg%ggrﬁiugﬂg% sHMLY loP & 161 @Bé LN
10 electrical connector. The motherboard is supplied with voltage from a power supply,
usually at a higher DC level than is required by the integrated circuit device.

Currently, a voltage regulator (i.e., a DC-DC converter) is used in certain high
performance computer systems along with a pin grid array (PGA) socket. The central
processing unit (CPU) package that connects to the socket consists of an integrated circuit

15 device (e.g., a silicon chip) soldered to a package substrate using flipchip ball grid array
(FCBGA) which, in turn, is soldered to one side of an interposer using ball grid array
(BGA) technology. The package substrate connects to the PGA socket using multiple
contacts in a matrix arrangement each having a pin type tail. The DC-DC converter
connection consists of a multi-layer flex board and an edge-card connector that connects to

20  one edge of the interposer substrate. The present configuration requires the CPU package

to be inserted into the PGA socket in the vertical axis (i.e., the Z-axis). The DC-DC

converter is then attached in the X-axis sliding direction requiring a complex retention

mechanism.
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WO 02/ 2781 7 PCT/ USOL/ 30353 In the recently developed land grid array (LGA)
socket an array of pads, rather than pins, provide the requisite electrical
comect i gg oPeisyreen the integrated circuit device and t hePCTIUSDE3EI r cui t

' board. LGA sockets are advant ageous because they do not require soldering

bet ween the socket and the CPU package. Mreover, LGA sockets 5 reduce the
hei ght of the socketkgmdkagedqR lawl grid amey BébRussekat ayargy o deds bR e t he
use of long pins) thereby resulting in shorter circuit paths and inproved
el ectrical ypardisy; pRNRe theHeysiereleciritabrodecctibus kebrrse ghe intseratedrcirevit dGEDC
converter to an LGA socket, an interposer would be required to provide the
edge- card Al e piged ®@uit bedd DY.GiAhackiEs HE ademtagedus becalbrethende ngasenrewoul d

,add height, electrical path length, and parasitic 10 inductance to the

-

socket / packggefifPWen®eH! tHen sodkbtiandegat CRY phckagelvaMageer, oL.GUsisngketshe LGA
socket. Although nmultiple one ounce copper power planes may al so be used to

suppl y BO\Aﬁadch{@ Hellfhe Dok erpheK de@ACPUDsoltion (Rkhise tegdo inbr reggfe thiese
ra,

not her boa an excessive nunber of power and ground contacts woul d be

needed and fhe addity QRalbyl FeRMNGT i RHorer ObiRGitP bae SandB kigprotddh etdonizald
routing di f(%fi got? t.gnDieI I veryi n% h%ﬁghI DC currents through the notherboard to

the. LGA so e @ FHREN T bR $ Q) Wbl MBduhat PABC conehert eimLGal
chal | enges p(r%gftshgés@%c%t e gll\7\/| th (§:el ivering chlrent directly onto the LGA

socket ass esgtglgéf,%an-qnt%{p%geq vty lb(j l}ent Wiked 0 gr(ﬁméqm APERHR ihRrfIeQ¥qiRd By I

i nduct ance an esl stance rconnect that inproves the current

carty ng CaRAghe Yonead g i%ip%g:ré%vfoeédoeﬁ ié/h?,aélésli?r}]éaﬁgatﬁ%ﬁﬁ and parkéid d al so

{
be hel pf ul nect” requi red on diréction (verti cal

or Z-axis) of assenbly which wou aye. tipe . i 2
WO (12/ @7230’?"‘!‘@1“/"%?;0@% 3@%‘3’%"3@'@%{&’5&?&&0 TTB?\F@'@@QW%%&T@%&%M
invention is illustrated by way of exanple, and not |imtation, in the

figures of ltﬂ(ﬁésaei?bnpanyi ng drawi ngs in which like reference nunerals refer

imlar el n nd whi ch:
to simlar e errEAltihsough Crinultiplc(:: ohe ounce copper power planes may also be used to supply

power from the DC-DC converter (0 the CPU socket through the motherboard, an

excessive number of power and ground contacts would be needed and the additional

15 power and ground planes make motherboard routing difficult. Delivering high DC

currents through the motherboard to the LGA socket is an expensive solution and has

additional technical challenges not associated with delivering cu.rrent directly onto the
LGA socket assembly.

Therefore, it would be advantageous to provide a low inductance and resistance

20 int.erconnect that improves the current carrying capacity from the DC-DC converter to the

LGA socket. It would also be helptul if the interconnect required only a single direction

(vertical or Z-axis) of assembly which would save time and manufacturing costs.



5 Figure A is a top view of an unassenbled LGA integrated circuit device
package -and a DC-DC converter according to one enbodi nent of the present

i nventi owOR/zn86e 1B is a top view of an assenbl ed L. GA i REEMSBYHFSEi r cui t
" devi ce package and a DC-DC converter according to one enbodi nent of the
present invention. Figure 2 is an expl oded view of a cross section of the
contact deBHIEF RDESGRIKFIDS OF THHPRAWINGS it is being nounted to a power
socket interface according to one enbodi nent of the present invention.
Figure 3 is an @kppreshadinvereian i illastated ds-vaeof PXANRS anCﬁ@télgmaaeq, iWeai 1 s of
an LGA socket mounted to a notherboard according to one enbodi nent of the
present i nfpuiek 0Nthe Btaptpenyls drswings inoglschs Bietrefsreare minespalereferne sigilat i al
.relationship of the conponent 15 parts of an unassenbled LGA integrated
circuit deviggnpasdasehand a DC-DC converter according to one enbodi nent of
the present invention. Figure 4B is a cross-sectional view of the spati al
.relationship of Fidige $AMPY BPNlievpaf drcurafsembled 3 SEATitegchtedRArchit degecapashagsi r cui t
devi ce package and a DC-DC converter according to one enbodi nent of the
present i nvantimNpcZ@nierter WebA{gd8 3% erbobihdnt bl (RESERINPTVEIIGACT/ USO1 / 311 353
Thr oughout the follow ng description specific details are set forth in

order to provi dgyg,B9Beishep QG fdREMAATIL0 iafeglated dirviedevianpackiwever ,
the invention may be practiced w thout these particulars. In.other

i nstances, el InKPRVINGRIRRLRIIMAY @ndlerhbdiRfent Of B pHRerdinvdmtunr | bed in det ai |
to avoi d unnecessarily obscuring the present invention. Accordingly, the

speci fication angs g3 BogASRd YRS d GEAIHRMnIoR uRTLohlabiildig of ¥ BT-BCher
than a restricti sense. npressi on contact technol ogy has been used in

the computer industr L &Rket intfRlck QstdrdiRY 16Fone fembbdiment
technoery %QV%QB%%%%H%@{'@%@ , ?ﬁ P&ggng 18]pofynerr6§£ed contacts with

electricallg conduct.i ve netal particles or wires inbedded in
f the présent invention.

Figure 3 is an exploded view of a cross-section of the contact details of an LGA

socket mounted to a motherboard according to one embodiment of the present invention.
Figure 4A is a cross-sectional view of the spatial relationship of the componént
15  parts of an unassembled LGA integrated circuit device package and a DC-DC converter

according to one embodiment of the present invention.

Figure 4B is a cross-sectional view of the spatial relationship of the component
parts of an assembled LGA integrated circuit device package and a DC-DC converter

according to one embodiment of the present invention.

20



t he pol yner and stanped netal contact springs. For exanple, there are
commerci.al ly avail abl e sockets, connectors, and interconnect products using
this tecki@heegs7 However, conpression contact technol ogy rag/usevarsbeen
*enpl oyed to connect a voltage regulator (i.e., a DC-DC converter) to a | and
grid array (LGA) socket. I S It would be hel pful to use conpression
contacts (§ErAILFD PESCRIPHIONI ve pol yner, or others) to elimnate the
edge-card connector typically used in this application, thus reducing the

| oop i nduct ance TaRM kRN R follo®SigS tabégionfl spetific denile atd eat. foflyrin nederploe,
conpression contacts would sinplify the retention and nounting nechani sm of
the LGA Soghﬁﬁde@ BFeQHbdiidHOurdciBaing bOthedovehtod. | Howéves theGAvetioh@tayfbeom a
~vertical rather l?11an ~a 20 horizontal direction as is required using

convent | onal, GAGR: GRKAHEQMARRLALS 1n Sher RE@Reswebodh BRnknBhow dedea pPover
connector consisting of a circuit board connected to one end of a DC-DC

_converter qutput GiLeild ; - 10SIVARE ub ML SANPEBEQRIEURE pesértyinvetignhi gh
current %I e&e?‘g#forrodﬁ]g‘%ﬁg& b@fa%{éqctgnvertgr t?) thg LGA S(g)rgketp and 4 WO

021 278(7 PG/ USOL] 303531 A ks alBSR RENBCH ANAIURativB athier CUi t
board consi ctcgr%bnfglyogge §recﬁr%%&léyers e f:ﬁ of w dg and thick netal, such as
four ounce or six ounce copper. The conpression contacts nmay be attached at
the other &MFHFSTRLYGEEFd with sufficient nunbers and cross sectional area

to carry the required electrical, curr : oar ' he LGA
5 socke%/ with t?‘é"&’ﬁ?ﬁ?'%ﬁ’%‘f‘% &wp E‘l’a %‘%gtbf %;{‘ﬁsegn@ tﬁ %g&ﬁg‘ﬂﬁa{:ﬁ?gﬁﬁasﬁb&e

conpressed with a_clanping. or retention chani i ani sm
provi des t HEMbERRhiYEYST o\?%é)”é OfRRs P}Q ¥ f%gnog%ﬁgevsesg%ﬁ %’1?%)‘% sb%ﬁllat he

contacts will be conpressed to a predeterm.ned |evel . but .wl onti nue
t o conphlesspolymerthased CPH‘@C‘EMhs%‘i,cﬁrg?ﬁ%ﬁ%“‘{”ﬁtéver'gﬁﬁli Qag(':f’ler?eré'f'wéc')'lﬂ uc'té%&ol ayers
to carry the electrical current fromthe power contacts and t U 10
Ref erring rihevpolyner god stamped mefpd cantpdt ?HB&nV\Eort %"Wﬁe\%\r]e{)ef argncoﬁlrﬁéégg%lﬁl ed
LGA integrated circuit device package and a DC-DC cwerht el 1ogic)iwre1ver
accor dance avat4bleaspcketbsanissiors. and tkEcqsners BFRAUET YEIRE FHIECIRRIO8Y: &GaT By
circuit device 110 (i.e., a silicon chip) may be, nounted to, an LGAf tﬁ‘ackage
120 in a mecomeresioh (cortadierhnelogy basaieverdieehieEiplpd 1 $OBRTLE 2~ QHPESCRBYERT The
LGA package 120 conprises a substrate which may be 15 fabricated of
| ami nat es s(ieha MC-BR-converiedo gland grid prrty 1 esOfelle- tri azi ne (BT) material,
of coated alum num ceramc, or other suitable materials and nultiple
conduct iye | ayeris wohidcie heipdull tanse edrepiessioncontagts éig-hueiak €Anqustve, Blyragr
dielectric layers. The integrated circuit device 110 may be an anal og
device, a niCémpRPELsiaMinatealie afyp-dachtoroectepspidally uskslinclis @pliggtipnotier type
of integrated circuit device and may be electrically connected to an array
of 20 terni pab&ng ithelooptiydiceatd ynd icomadt aresigiance exft thn ganneetigad SPrtheEerSs hown
inthis view on the LGA package |120. The pads on the LGA package |20
correspond f@ngrefiint Rhact®ivoaldcomplifyttharetcayiof aut mobnsing maghartisng o ihéiSohn an
LGA socket |30 when properly aligned with the .

socket by providing a means for contacting the LGA socket from a vertical rather than a

20  horizontal direction as is required using conventional edge-card connectors.
The present embodiment provides a power connector consisting of a circuit board
connected to one end of a DC-DC converter output circuit board. Since the connector

must carry very high current levels from the DC-DC converter to the LGA socket and



socket 130. 5 WO U2/ 27807 PCT/USU | /30353 The socket itself 130 is
sandw ched between the LGA package 120 and the notherboard (not shown in
this vi e\wooﬂim«socket 130 conprises a substrate forned ofPCrarsot/a0sdsicti ve
"material to receive the LGA package 120. The contacts on the socket |30 may
be fabricated of a conductive material and extend transver selé t hr ough t he
substrate 5etuﬂhqgﬂoand)plmeﬁlﬁ’oﬁmeor&fontthmcimubsbml‘dtcenSlif)s of anetor mverskaysragachof t he
substrate. The contacts function to electrically couple the socket 130 and
the LGA pagkagge inrd thick hieel usidirak fburgounoe loersboaurdte coppuni chhet pampressiost | 30
is nounted. The socket |30 nay be mated to the notherboard by a force

appl i ed dowgyads gy 88 afiftfes aakebthe3ddwiitehbiahiewitc suffciessembets@nd srdsrct i ve
.elements to effect a reliable electrical contact between the socket 130 and

its 10 fesgé‘&nfohé/i%r&%lkﬁslth@?e%n@dﬂaedt#w omtder hipaiodrdandy betrsatewpret Gie
contact pads. In order to maintain alignment between the pads, a retention

-mechani sm UGkl d3mand Bﬁigprﬁlteeé'@x%t bR SRPWMR doftabtinsayVieeydmpresgedd@ithraovi ded
around fhe socket 130."In addition, a spring clip extending across the body

of the fr ag?agﬁJu%g&r}Etegﬁonal%'ch% Bar ﬁH'rét@fﬁloﬁ xﬁécﬁﬁ?ﬁénﬁﬁroﬁﬁi@hﬁi&lmwfm used

to hold th down agal nst the pads on the notherboard. 15 O

course, it shog é.g I{%ecoﬁlﬁ];eggo ﬂ oar 9&5\%ts]\3m HE%BmﬁJe?szd B&a F&H@{@rnﬂﬁlecﬂom

(surface mSunt usi ng conventional reflow sol dering

methods or | IRYALECd Ror cﬁﬁtuﬂ%&@%B@\@%&deﬁém%@ 1VOK skt 105 1R REGirdembai ques

wel I known Ipv I soc Interface 140 conprising an

array of Contact ads |42 448 4068 ponil SO0 ST, the

pover sock &Pyt I'6h to connec power socket

f | 40 he 150., Th 140
i nter a@gr t of t %?&rg%k%‘i’ tﬁ&ﬁ‘éﬁﬂ, thr&rl% al%owne Po%v\ﬁéw %?gkﬂbagsé}ﬁlﬂéé 262

may be exl s separate

contact arrangenent. (not sho in this vi The t.act 44,
146, etc., inggrapd ‘?'&H‘r‘ld@&@% Pa¢ Sﬁ’na‘ﬂ‘éf“alpké [gegorfﬁﬂﬁﬁe{/g% ] acccp@qgei W;}%y nét her

sui tabl e rrat erial. The contact pads 142, 3 d .on t Rchlf
socket i nt eanhedmensof e piesib BENHY. AR 1BiepialF 6f’°‘8‘ eviipy 6‘%‘?7@ icoh g

PCT/ USOL/ 30353 contact pads 152, 154, 156, etc. { %\ﬁon ttne DC{DC
converter |B& bFhaowiethér aan'dG/érPf’éhiﬁ’énHﬂ i f“ﬁ@“eﬁo B 48t pdls °f 42,

| 44, 146, 152, |54, 156, etc., is such that_ the resistance and.i ndu tance
of the i nt entscoetrstronic Sabrication 7the. LGrh@agkaes &2heomrsises AsthsTae WHRICTPENRS are
well known to those skilled in the art of the fabrication g_

ni cr oel Ect rahiicatd qfdokiagessucraeFRvle fibrsglaesey bigmpleimids- “b%z"?feﬁa amasgiab gk

usi ng conpr essi on cont act
coated aluminum, ceramic, or other suitable materials and multiple conductive layers

which are laminated or co-fired between the varied dielectric layers. The integrated circuit
device 110 may be an analog device, a microprocessor, an application specific device, or
any other type of integrated circuit device and may be electrically connected to an array of
20  terminals (i.e., typically circular or rectangular pads) (not shown in this view) on the LGA
package 120. The pads on the LGA package 120 correspond to a pattern of a contact

array (not shown in this view) on an LGA socket 130 when properly aligned with the

socket 130.



technology in the same manner as is previously described. Alignnent
apertures 162 and 164 on the power socket interface 140 and ali gnnment
aperturesydof2met 168 on the DC-DC converter |50 hel p ens®ca/ysoopess3
“alignment between the power socket interface 140 and the DC-DC converter

| 50 (i.e., when the two devices are conpression nounted alignnent 10 pins
(not shown in timhée suékewjitsef @30 iiss santleithechbetwerie the LGneppckagsel20usnssthes?
164, 166, and 168 to help align the devices). Although alignnment pins are
descri bed igythdiBoaRd @@ BhoveThasisvisw), Thehecket d3orsorpristana senirag foweddaofi sns
are al so possible such as spring clips and the |ike. The DC-DC converter

| 50 connect,§nlendiciaRbtesal iPleteitd Dt LEROWacKage 120 STheicemictddn thiascksUlBfl i es
_power at a higher voltage (e.g., 12 or 48 volts and ground) than is

typically rn?a%’*ﬂerﬁgri@)’edtm sl RGv@hfatkrial acluixtend erahoerskllGhroligtethBGuiBGate
converter |50 includes conventional voltage conversion circuits within a

-housi ngsto ff%?tp\éq{);% shite HrAREEubéRitt 398 HoRoR JubfEy of ik tsalgsraen dTHeocagepl y t he
| ower voltage to the power socket interface 140 and subsequently to the

ot her boar q‘u{ﬁcgioﬁ‘ t@?l@ﬂﬁ&ali‘\g’r%:og?lgﬂ@%cl&p 130MdaRd LGA PRRigeIn0ko @O uadsTirigsed of

thermal |y conductive nat s (e.g., copper, alumnum titanium ete.) may

fon~ the out ethergc?asrcii 9 et (€ ég&élDQOCIQ ohte8 TheQo&e: tiahayB@mattanetiat ed by

the conver STOACEPTCUrt's can di ssi pate by convection directly into the

by confi gurn il B ERREbertBs ol O R i Ry The
A R R S o N S
130, - Rofor rFREENAST e Rgores Fegopeadd pAd i Ikl BRVEL paRe S bl I o
accor dance TTHLH ESHBEMEEn e GPOT o BTG A AER s Sframd Plfint

contacts 152, 154, and 156, etc., on.ihe DC, copverter | .50 an array
of cont act sinpwshowm s Hevhmay be QWV‘%H aéouﬁg\%r 5°§g€3§3{)' i'%?%d?tfogcé%ﬁﬁ]gg are
conpr essi on nounted together. Alignnment pias not shomg in]%@}s ¥%q¥£

i nserted t helipugtendingg Asrasst the Jory @ dBe TEBCFIEMABLT 39Vt Pier it CHNRNE or 150

and alignment apertures (not shown in this view), in th ower socket
i nterface Im@ﬁasﬁmsnﬂﬂwlﬁﬁémﬁﬂkbﬁﬁﬁé*ﬁdﬁpQﬂWﬁﬁ&zﬁ%ﬂﬁ@@ﬁCEHEEWﬁge%?WFCeS. A
retention mechanism 170 perforns an additi gnal alignneqt functign and
mai nt ai hs t @8 cOEH@ shomidebe aoted 4Bt the w0ekal 180 dnayctlsg 580 ﬂ?fﬁ‘ijgﬁ‘f’" fzi‘t' ¢ he
power socket interface 140. The retention nechanism 170 may be fabri cated
from pl ast i meuraed)rtd thenmotberbeary using eenventionabyeBowgeldering metheds of mouptedddng
enbodi nent, the retention nmechanism| 70 conprises a frane el enent
rect angul ar thi mcsiealperd Ssingratariemof bthesteehniegs wetl knewn § thgdt-bol ts to the
not her board (not shown in this view), although other fastening techniques
wel | known in thenaGA payerasbosiat kerfase 540 campriciag s aket of egutagt madsuldiznifdan LGA
package 120 (which includes an integrated circuit device 110) nounted to
the socket 18 eid] existngoelonwveit ok Hevpowien saduet iaterfacs 146 lonasioh de comigricthe
fabrication may be nmated to the notherboard through a relief (not shown in
this vieyw powalotileili@tRalien heDaDCsmErS: 150 Bieqoiver tekea iienfare déf)
however, that although the retention nmechanisml| 70 is illustrated in the
enbodi nent HaS/U@et rpaﬁeglf e Ebcel €30 oB, aidrndtivelg] mypesisti bd @ $epanatee cotect socket
130 itself as"a retention nechanismor to use other simlar

arrangement (not shown in this view). The contact pads 142, 144, 146, etc., may be

fabricated from metal, conductive polymer, or any other suitable material. The contact

pads 142, 144, 146, etc., on the power socket interface 140 correspond to an array of

6



retention nmechani sns known in the art. 8 WD 02/27867 PCT/ US01/ 30353
Referring now to Figure 2, there is shown an expl oded view of a cross
section efobvhersepnt act details of a DC-DC converter nount BATAUSOE3O3Eer

* socket interface 200 in accordance with an enbodi mrent of the present '
invention. An array of contacts 210, 220, and 230 on the DC-DC converter
240 are ComgtRspadsn SAPLIH 5b, e, anisting ey theDEHE eppvertes 1560 Thopgnbesand 270 on
t he power socket interface 280. The DC-DC converter 240 is pressed downward
froma ver hirfiemehtrfelid guwep Borttart s 9ok, s4cREL, 15t B6f eleeis28eh thatihe
providing for a single direction of assenbly. Referring nowto Figure 3,
there i s shQwmnad knExuedad of thevimércannectas snisimtizddon Tl patteensctonmindmizelet ai | s
~of an LGA socket nounted to a notherboard 300 in accordance with an 10
enbodi nent ik ¢ RSE RhowmiteRbdeaRilled teths aatkd thebfabrcaBDof mikaetksronia ar r ay
of contacts 312 and 314, etc., forned to receive correspondi ng | and pads of

.an LGA aC:éEQrgﬁ %UOtT}%‘Wdé‘ncéshﬁ@ WuS Wk mIBe i6@ticpabing IdAprndorB tdntact c.
may be for % a conductive material (e.g., conductive polyner, netal, or

others) an SR dinf B hQhes W farsidklytdeseriee K alighast apdlurdsol 62 dndt t om
surface of qqtcﬁé&g%gwetﬁg altse SIS anéetgér%cl)vi é,e el ectrical coupling 15 of an

integrated g)re H%%)Qg@é%ﬁ;ﬁetgrgg{faé WAYEhdl Mehri apdr@ivds 166 ad NE3LdMRRGDELDIC320.

Coax structures ete., for high signal integrity may be

metal i zations of (/\}1%93?6 8?&%&3 8% er A End n?ﬁ&%e@_t@tMeFQJckEthﬁteﬁ’ﬁ&kﬁﬁO and0 as it

i s conpres$8YYS roma vertrcal direction on to the notherboard 320
but w11 ngte Bt seere Bl odienfhy iR S o BB SO TR BR R T ¢
Ot Lo Eh B b RO}k o, e 1
bar 340 andobie iR g Be EREr cgparan APt btk s PhciTba e prirtf, FORPe"
f/\io- 82 } ziigrw%%ggien?e)nf, oltjhléJ[r fgr?ne%%rfas?e%{nsg ggchggipgg ar%“arlg%npsoissci)tﬂ§ smyasask)ﬁﬂg pﬁpsused' 9
and the like.
The DC-DC converter 150 connects to a power supply (not shown in this view)
15  that supplies power at a higher voltage (e.g., 12 or 48 volts and ground) than is typically
required by the integrated circuit device 110. The DC-DC converter 150 includes
conventional voltage conversion circuits within a housing to convert the higher voltage to
a lower voltage and to supply the lower voltage to the power socket interface 140 and
subsequently to the motherboard in a manner well known in the art. A heat sink
20  comprised of thermally conductive materials (e.g., copper, aluminum, titanium, efc.) may
form the outer casing of the DC-DC converter 150 so that heat generated by the
conversion circuits can dissipate by convection directly into the surrounding air in a

manner well known in the art. [t should be noted that by configuring the DC-DC

converter .150 in the manner described by the present embodiment, benefits are provided



PCT/ USO1/ 303s3 Referring now to Figure 4A, there is shown a cross-sectional
view of the spatial relationship of the conponent parts of an unassenbl ed
LGA i ntegv@bpehsei rcuit devi ce package and a DC-DC convert @CTA®O1/BG353

' accordance with an enbodi ment of the present invention. An integrated
circuit device 410 nmay be connected to an LGA package 420 5 using an array
of term naks tifel meufaduaadinpralisihe 4X2-DA 2ehvert@6] S0emay be isepagatehn igstad €ri bed
in the enbodinment illustrated by Figure 1 A An array of contacts (not
shown in t Rigginy iRWC-OT @hvérfoh | SORKRE pobdd seberiesfaed 400 the | and pads 422,
424, 426, etc., on the LGA package 420. The contacts on the socket 430 may
be fabricated fRe&RENAIEES FeuROl BTbEreOis shbhiera topivierblo€ amasembied lnd ar e
_coupled to the socket base 440. The contacts conprise 10 conpressive

contacts tQuksaRl \CGchl A6¥itd palkagd Bith DEDTNcoHMRrten! 8y irab@drdancecwith adevi ce
410 and conpressive contacts 432, 434, 436, and 438, ete., to receive power

froma RG nggg@\éﬁ%ﬁﬁe A2t ihb&utial: Pre SR\ B CobRictd P, CoMBRd 5385 e, subiet r at e

452 whi ch may ricated of | am nates such as FR-4, fiberglass, coated

al um num %C-@g?ﬁgﬁ%%’ bj P a‘?ralsrg? EdntRts (ndShdwn AthRWiew)Unta@evephaerer (i . e.,

a VCC vol t age 4 to provide output voltage to the socket 430, and a

ground pl ane {:G\D) 6 Lt GUi tfind iswedw)y known
Ty AR 00 B B b B o SRR TSR

inthe art 0 ane may al so be included
in the socket base 440.. The I ni.ea § [ CUi M-C d sHad DC- DC
converter Hﬁvnﬁcg%}é[g’éé‘nﬁll'%ﬁ T héﬁﬂé I’ls péc?wﬁ{ S %’ﬁfﬁ?gs "\?nlﬂl(lae\t/v ai?lg %‘Bﬁﬁggﬁt 0 a

not her board 460 usi ng 20 conventi.onal i i i r
descri bed iMERAEM ERBBEHHRNCPYE sy e&ﬁbggkggrséﬁﬁtaﬁgf&%ggﬁ IﬂJ‘sEgcket

interface 470 may b ted to the DC-DC ' |
or cvi 0wl y HIRRE PHBBEETY PePHEEn b AEHES | PGP bareprh 078 PRORRYE, g

now to Figure 4B, there is shown a .Cross- {onal vi of th iLal

r el at i onshigddisiona plgwasns SHeHen A mangms iﬁﬁé@e@ﬁ?"&ﬁxﬂg\%i"ﬁ eélérr%é:?egg}c?:?r cuit
device 10 WD 02/27867 PCT/ USOL/ 30353 gacﬁﬁl‘%e and a D(i_lDC CE ertet?1 490 in
accor dance aantapt with ehe pawakesacker nfsRiaceH 1 8k e nk; TRIFRNAN BirChapha! Hefit parts
of Figure 4B are identical to the conponent parts of Fi,qur 4A and t{]us
retain the febxatedufremi plagiss jaljainimngr amp piher sSulable, TPRIFTATS 0 N oG AEE o
delivering high current |ow voltage DC power 5 froma DC- DC anverter to an
LGA socket ammbdiwmtdbsrstedtiongmashapicn] 120 comprises pFaraglaen) eyt 3 I0ppty ¢ hat
current through the underlying notherboard has been descri bed. ,Althcaugh t he
foregoi hyy dibstcmaypbe secusstdwilk aoisadyhiots 19 theumekedpard (aQt shoyniin s iee
specific enbodinents, it should be appreciated that the present invention
is to be nmegswogdother fastening techniques well known in the art may also be uses. An LGA

socket 130 including an LGA package 120 (which includes an integrated circuit device
110) mounted to the socket 130 in a manner well known in the art of microelectronic
fabrication may be mated to the motherboard through a relief (not shown in this view) in
70 the retention mechanism 170. It should be understood, however, that although the
retention mechanism 170 is illustrated in the embodiment illustrated by Figure 1B, it is

also possible to use the socket 130 itself as a retention mechanism or to use other similar

retention mechanisms known in the art.



only in terns of the clains that follow 10 WD 02/278G/ CLAIMS 1. A power
delivery system conprising: a power converter; and PCT/USOL/ 30353 a | and
gri'd arrayosoeiset nounted to an array of contacts on a suPCEdes0dB0IShe power
" converter corresponding to an array of contacts on the land grid array
socket. 5 2. The power delivery systemof Claim1 wherein the array of-
contacts on theRpfewarg resniefipee 2athdret ihehar anyexpfoded Micacets ‘Hﬁsstfﬁét'qna‘?fd grid
array socket are contact pads fabricated fromelectrically conductive
material . 3he ddMeacP@vils IRhIDEDC symtesn rodun@idaionn powkresockat intadadeatt} igri d
array socket is electrically coupled to a printed circuit board and

i ncl udes aniddAeE itk dn cinb6diient\theCrestat impantibed Aroareayl ciiedntgets 1G 226y
_package. 4. The power delivery systemof Caiml| wherein the power

converter GRRYEH bR tNé)btalgé doRGeicy 280 fire WBMPregcivve mosntpdly a array bhuvtactsol t age
and transmts the |ower voltage to the land grid array socket. 5. The power

delivery syshem®fand 20 BnlheRimel BodkBeinhetface 080.d Tae rE-DXD cliwiterters 240b ismount ed
to the power converter and to a printed circuit board using a single

di rection 3; QSR War@ Bt @ VRARRISHIRLLGBH &F thel RANRN GbREY intdbfacd\2R® vikuis
delivery s ?em conprising: a power converter; 12 WO 02/ 27867

PCT/ US01/ 30353d113|l Pc;’rarlinpgﬂje cﬁ{ecﬁé” 5fa9§3ﬂ1rbg~ and a Iand grid array socket
mounted to AR"'A contacts on a surface of the power converter and on

a surface of th rinted ¢ 1 bl bdrd! el b £€fosPEbchbn of
assenbly. 7. ThZ{e er(/ve% el AF%H:‘e Sy stegnsg?b%g%?xﬁ 6 wherein thé arcr anyoof

ggm 22:)§n3ntp%)9§m cgé\q%ys ng%ggon Eo%#etmnféﬁ 16 ﬁ’lO eHBE:%@O@'u’i gdbtdaR@alkith an

S on grid array socket, the array

of cont ﬁ)ct s falbri Cat@f&fﬁf{r%re"\}\ﬁ:gvee% L tc%é %/c %%‘3&% fovi ﬁcl[mésedlhla(fl\]ag o@corﬂ‘t‘%‘s power

del i ver syeé‘ﬂl?é’ rid array socket includes an
integrated circyit devi to a lan a ‘ghe
power delivd rzya"gy:‘s‘ﬂeﬁf’ogor@ﬂna tﬁ]r%ce{/\ﬁectogfsr?of"ﬂeg ol %{:%3@?? Z‘r gﬁgﬁée(rnt S

vol tage received froma power sup Iovver vol ta e a r t he

| ower vol t agjewnadn tthie ied Hi W“&cha%/ns%‘é et g may e B '\?\%d:gfjélﬁ%eéjpyLsyst em
of Caim6 wherein the land grid arra

é ket is no t}e%)qv}ﬁ
converter amaketia (¢. Becmq"ﬁ‘t"@cpctbfm?fu'i“‘?ta 8&fP eré)s"i“}ﬁ'gexf%‘ﬁg?o@sg BrPUEBT Uc
technology. 15 1 1. A nethod of nounting a Iandogrld aréa socket }.o a
power convesackat baseh?dOﬁ@ghg@or@@wfﬁcpgfmg socket base 310 and provide €lectrical coupling

15  of an integrated circuit device (not shown in this view) to a motherboard 320. Coax
structures 322, 324, 326, etc., for high signal integrity may be metalizations of the socket
330 and provide a stop for the socket 330 as it is compressed downward from a vertical
direction on to the motherboard 320 so that the contacts 312 and 314, etc., compress 10 a
predetermined level but will not continue to compress further. Copper bar 340 (and
20  multiple other copper bars (not shown in this view)) coupled to the socket base 310 may
be used for EMI shielding and/or ground for the integrated circuit device 1/0 structure. In
the embodiment illustrated by Figure 3, the copper bar 340 and the multiple other copper
bars are relatively wide and thick (i.e., six ounces), but copper bars of other dimensions

may also be used.



providing an array of contacts on a surface of the power converter;
providing an array of contacts on a land grid array socket interface
correspond og218e7 t he array of contacts on the power convelPC&FUSOLINIS3 WO

© 02/ 278Gr7 PCT/ USO1/ 30353 nmounting the land grid array socket to the power
converter by vertically conpressing the array of contacts on the land grid
array socket i nRefefringmowi tolFigure 44y theye ishewn ascess-septiopaleviawy of Heepeial t he
power converter. 12. The nethod of Caim 1l wherein the step of nounting
the |and gedlatioashigyf siec kebpdnentpartyeofpmwarasssovledr k@A iptegtatadesircait devisgt ri cal
connection between the |land grid array socket and the power converter. 13.
The met hod pgfkagd @ida DCLDGhwRedrter ¥he il acdrdgniedwislr rmymbodikent ofitbt peksentan
integrated circuit device nounted to a land grid array package. 14. The

met hod of Gl\@htiBnl IANRRESBd theuisidmeeofl 0masntd agneded foaamdLGAI mhekage #20socket
to 10 the power converter further conprises the step of nmounting the | and

.grid argay ,$ag ke hrrhyPotieRhinMb gk, Clakd pds) 4322AZH, [4P6,Ved. | incaabinee dexprilzgisihng an
array of contacts on the land grid array socket with an array of

cor r espondiyna fRAInRAt fludfhidd® MENBY R AN draViof cdh@rtsdnotkhowd hethiswidwgdnof
Claim 14 wherein the step of rm%nti ng the rand gritczlt array socketd“?o t he

printed ci aﬁgicfs,xog@ﬂét%@&%%eﬁd R tnelAE phdCan, F1NA2E lecdrbnDaé WERNpdckezel and

grid array et an printed circuit board. 16. The nethod of Caim

11 wh i i i ;
erein by e}fﬁe}, ?cﬁnéa%‘s JIAHOLIRG 43?2nég/tadélgal%¥c'agd HohPYondRGKE holymet HEotReri Nt ed

circuit boafd I conprises t nmounting the and grid array

socket to a | i O i . ari
2y eI T S I BB Sl a5,
PCT/ US(I)Q13(§SE’5‘3“355W° contacts to receive é]ec%r(i)cawsafépaalp 3 thg'Al'ntegr;AQd Qg‘élﬁg 85fce 410
and compressive contacts 432, 434, 436, and 438, etc., to receive power from a DC-DC
converter 450.
The DC-DC converter 450 comprises a substrate 452 which may be fabricated of
laminates such as FR-4, fiberglass, coated aluminum, or any other suitable material, an
15 output voltage plane (i.e., a VCC voltage plane) 454 to provide output voltage to the
socket 430, and a ground plane (GND) 456 to complete the circuit path in a manner well
known in the art of power delivery systems. A GND plane 442 may also be included in
the socket base 440. The LGA integrated circuit device package and DC-DC converter
may be assembled (nolt shown in this view) and mounted to a motherboard 460 using
20  conventional fastening techniques in a manner described in the embodiment illustrated by
Figure 1A. A LGA power socket interface 470 may be mounted to the DC-DC converter
- 450 in 2 manner also previously described in the embodiment illustrated by Figure [ A,

Referring now to Figure 4B, there is shown a cross-sectional view of the spatial

relationship of the component parts of an assembled LGA integrated circuit device

10



| 7. The method of Caiml|l 1 ~ vherein the land grid array socket serves as

a retention nmechanismto hold the land grid array socket in proper

al i'gnnmentweiobhrdshe printed circuit board and in proper al ipgvesot/3e858h t he

* power converter. | 8. The nethod of Claiml 1 wherein the power converter

converts voltage received froma power supply to a | ower voltage and

transmits tpaekagewsd a\RC-DEYeonvertar #90|immaccogdance with ay egodiatent phHthe present
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5 2 The power delivery system of Claim 1 wherein the array of contacts on the power

converter and the array of contacts on the land grid array socket are contact pads

fabricated from electrically conductive material.

3. The power delivery system of Claim 1 wherein the land grid array socket is
electrically coupled to a printed circuit board and includes an integrated circuit device

10 mounted to a land grid array package.

4, The power delivery system of Claim | wherein the power converter converts
voltage received from a power supply to a lower voltage and transmits the lower voltage to

the land grid array socket.

5. The power delivery system of Claim | wherein the land grid array socket is
15 mounted to the power converter and to a printed circuit board using a single direction of

assembly and compression contact technology.

6. A power delivery system, comprising:

a power convetrter,
12
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8. The power delivery system of Claim 6 wherein the land grid array socket includes

an integrated circuit device mounted to a land grid array package.

9. The power delivery system of Claim 6 wherein the power converter converts
10  voltage received from a power supply to a lower voltage and transmits the lower voltage to

the land grid array socket.

10.  The power delivery system of Claim 6 wherein the land grid array socket is
mounted to the power converter and to the printed circuit board using compression contact

technology.

15 1L A method of mounting a land grid array socket to a power converter, the method
comprising:
providing an array of contacts on a surface of the power converter;

providing an array of contacts on a land grid array socket interface corresponding

to the array of contacts on the power converter;
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5  the power converter provides an elect ?cal'connection between the land grid array socket

and the power converter.

13.  The method of Claim 11 wherein the land grid array socket includes an integrated

circuit device mounted to a land grid array package.

14.  The method of Claim 11 wherein the step of mounting the land grid array sockef to
10 the power converter further comprises the step of mounting the land grid array socket to a
printed circuit board by vertically compressing an array of contacts on the land grid array

socket with an array of corresponding contacts on the printed circuit board.

15.  The method of Claim 14 wherein the step of mounting the land grid array socket to

the printed circuit board provides an electrical connection between the land grid array

15  socket and the printed circuit board.

16.  The method of Claim 11 wherein the step of mounting the land grid array socket to
the printed circuit board further comprises the step of mounting the land grid array socket
to a retention mechanism, the array of contacts on the land grid array socket mounted to

the array of contacts on the printed circuit board through a relief in the retention

20  mechanism.
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