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FI

. e3¢’ ] @6>T@ 4WD 02/ 27867 . PCT/ USOL/ 30353 SYSTEM AND METHOD FOR
ELD OF THE 69 '

| NVENTI O\NWOH/2p86@sent i nvention rel ates generally to powerpaBUsmesnyssf or

el ectronic

circuits 5 and, nore particularly, to an inproved power

connector for land grid array (LGA) central processing unit (CPU) sockets.
A standard cSN¥PTEM ANIEMITHOPIROR ICONNECTING i ntegrated circuit

BACKGRCOUND

devi ces nmount ed t A BOWER)IEONVEREERAQ Aul. ANIDGRIADIARRAYROGKEDt her boar d

using a socket or simlar type of 10 electrical connector. The notherboard
is supplied with vol ta&eﬁ froma power supply. Currently, a voltage

regul ator (
vat a hi gher

FIELD OF THE

VENRIEN er) is used in certain high 15 20 usually
DC level than is required by the integrated circuit device.

per f or mance conpliediressplsinengion] relatys gendsally 16i prvgr idglivary 49 ¢leatmpicseitekiss . The
central processing unit (CPU) package that connects to the socket consists
vof an i nt egandt mdreciiartinuiarty dievangeproeredypower conreciop fordandridsotay ¢k €d) central

package substrate using flipchip ball grid array (FCBGA) which, in turn,

sol der ed t oprocessisg drat @fPLARo¢katser poser using ball grid array (BGA)
technol ogy. The package substrate connects to the PGA socket using multiple

contacts in a matri x arrangenent each having a pin type tail.

The DC-DC

is

converter CRRPRURGONGPNSI sts of a mufti-layer flex board and an edge-card

connector t

socket int

at connects to one edge of the interposer substrate. The

axl's

converter 1s then

present CO”LL%;@H&@%& g%Jt%Ss'ygetgﬁ tﬁ%ll&?@;@g.i&t%%ge*gcbié?%%r&eggeg Abhedd'e PGA

mechan sm o ¢ SR sBes b b S BuFR L Red ST EuLRL B o

grid aryay

20

élclf'c%ibgal chrgniégt%r.aﬂ‘hg%gﬁ{erggarg ?sdgtipp[ig Q‘?tﬁ 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
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
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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than pins, provide the requisite electrical connections between the
integrated circuit device and the printed circuit board. LGA sockets are
advant agewo92ip@sduse they do not require soldering betweacwbsigessket and
t he CPU package. Mreover, LGA sockets 5 reduce the height of the
socket / package/ CPU sol uti on (because they do not require the use of |ong

pi ns) thereby rdguhg regentiyndesplopedeland igrid @rray PG Ak seehet amprayvefobads,aethet cal

per f ormance. However, in order to connect the current DC-DC converter to an
LGA socket , thampingtpeovidestbe regoisitdelbaricad qorinegns betpeanthe mtdghmeddgeit davick
interface required by the DC-DC converter. The interposer would add hei ght,
el ectrical putthe pemed tircuatrvdandar A sooketd Arel addarsdgaousehetqust ey do not require
»socket / package/ CPU sol ution, thus negating the advantages of using the LGA
socket. Al tdotdegiRg Mbdtiveddl eheoneckeunad GepBPU pavikege.pl a@sovery LalAs sobleetuised t o
supply power fromthe DC-DC converter to the CPU socket through the

~not her baar dred@de tRXKESHS bV the RoUKREPacRige[TPMES0I R bE (Bcass Ghey ADNAE eGuir®thk dsdoe
needed and the additional 15 power and ground pl anes nmake not herboard
routing difdfi GaHgt pindpltharely Nesulingh iPGherer enéust phhousia thpron®t hgdchrard to
the LGA socket is an expensive solution and has additional technical

chal | enges RoforRSREC RSN eMih lrdblih \cBRreBOthe WuFeMt DAIBE ebhert®NicOar DEALGA
socket assenbly. Therefore, it would be advantageous to provide a | ow

| nductance apgt ShRIAAG AR OIGHRANIPRNiACMAL e IRARMARIANS e GiHef B9t

carrying capacity fr DC-DC converter to the LGA socket. It would al so

be hel oful h . _ C . i 1 cal
or 7o ) FICERhBE! TR AL PR AR BB ARG b penl R ©0
WO 02/ 278GT. , . .

PoT ol 50 aMuaseF 9Hthesseskey parkagg(GBL sgtiopriRyy Regeling e Advaniages of ing o i s
illustrate ag V\%}é of exanple, and not limtation, in the figures of the
acconpanyi ﬁ'g rg hgs in which Iike reference nunerals refer to simlar

el enments and whi clm: glei gure 1A is a top view @f an un@s errbl(gd LGA
integrated circutfnodeR MBIk, QRS GWICE FPRET HEMEICP R BPY 8150 REBFEINh G PY one
enbodi nent of th res i nvention, Fig 1B is a top,view of a
assenbl ed RSN rf?%@r‘&? igépld] conVerEfeln dis gg@k%?ﬁbetampuﬁh DS R %mfé‘gt@r
according to one enbodi ant of the Br sent invention.

[ Figure 2 is.an
expl oded vi@feSve NUEIbeE 8T Sawen g ground, sontantt wopldgks Ageded grd g]@o@%@na'

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 current directly onto the
LGA socket assembly.

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

20  interconnect that improves the current carrying capacity from the DC-DC converter to the
LGA socket. It would also be helpful if the interconnect required only a single direction

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



10 converter as it is being nmounted to a power socket interface according
to one enbodi nent of the present invention. Figure 3 is an expl oded vi ew of
a cross-swotamef the contact details of an LGA socket nugiteshiizesa

not her board according to one enbodi nent of the present invention. Figure 4A
is a cross-sectional view of the spatial relationship of the conmponent 15
parts of arBRIEFSBESGREPTIGMORTHEDRRAWINGS Uit device package and a DC-DC
converter according to one enbodi ment of the present invention. Figure 4B

i S a cross-sect iTheatessht @westiontibh Blustpadd Bl wayadfakampls hing noff linhikegios,apgenent
parts of an assenbled LGA integrated circuit device package and a DC- DC
converter afgedsdif g atconpatyifgdadinye i which lik€refir@Re Aimérad egttd oRImik® 3 WO
.02/ 278Gr7 DETAI LED DESCRI PTI ON PCT/ USOL1/ 30353 Thr oughout the foll ow ng
descripti orel§haee dndevigket ai | s are set forth in order to provide a nore

t hor ough understandi ng of the invention. However, the invention may be

-practiced w t hoylgdrBgass BasH Vi bRASunakRnBIAaIGA ﬂﬁ%@z{i@@?rcu%@icgg&‘%’ge
et al

el enent s have not been 5 shown or described in to avoi

unnecessar i oy . GRS.eHY doRferieh §ccBf dfif&Blont BHERE:h &R of A GRESEH: Rdkedtiont he
specification and drawings are to be regarded in an illustrative rather

than a restrict ipgau39moR.a ERURLESSIORASAILALE ol SRINNIASL ARS8 ERIMRST 11

the conputer in ry for a nunber years. Varl forns of t
dontacts with

t echnol ogy 8RN - [ QG I

el ectrical I@gég)ncguct Ioﬁﬁ&%&?@ﬁ%@%tﬁ%h%‘%@@%ﬁ%t?gg%i nﬁ%@@gﬁf n the pol ymer
and stanped met g, Gont.agk ,\f;;%deﬁ%eav Efoa{cr%as@aloﬁ’of%ecr fita raeeta‘ﬁ?%?%@-ﬁb' y
avai |l abl e sockets; connectors, and I nterconnect proguc s using this

t echnol ggy. However. . conpress contact technal o has never been enpl oyed
o conniler ssnSiet St is TR Sepleas §3MACkf AR ko Ry BRYE kmBaTRGr T
array (LGA)fs€cket..15 .t would be hel pful to use conpression contacts
(e.g., metdl NCRRIUIRYSPEOY0l ymer, or others) to elininate the edge-card
connector typically uysed in this application i th

Ay . th reduci ng, | oap
Cnductance and GURHTECHS ARENMPIEASENEPT § REStTIRLE! B contH CRdHHBran LOA
conpression contacts would sinplify the retention and nounting nmechani sm of
the LGA socRefet mpuped i aneiferhoqres asrerding to 0gs emediment Oh e Pesace FMERYO r om a
vertical rather than a 20 horizontal direction as is required using
conventi onal edd*‘églﬁ-aﬂé Banfiestssstional view of the spatial relationship of the component

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 L.GA integrated circuit device package and a DC-DC converter

according to one embodiment of the present invention.

20



The present enbodi nent provi des a power connector consisting of a circuit
board connected to one end of a DC-DC converter output circuit board. Since
t he connewiOoR/2met carry very high current |evels fromther®QuE¥i/nenverter
to the LGA socket and 4 WO 02/27867 PCT/ USOL/ 30353 return (ground), these
connections on the circuit board consists of one or nore | ayers each of

w de and t WDEXAKBERIDESCRIPTION our ounce or six ounce copper. The
conpression contacts nay be attached at the other end of the board with

suf fici ent nunbéftsoughoutcthe Ieié@aing dagriptoreapdeificcdetails drbaer qihi inedrded et ri cal
current. The board may be mated to the LGA 5 socket with the appropriate
contact patgrevide amftbré thercgn ifdekSanditlg diehcCianPitien.s Eldwerdrntha irvemign mgy b
.retention mechanism The retention nechani sm provi des the clanping force as
wel | as t hepreaipd @akbud thesd guptictard. NiatotHeh thsAEEs 2041 Bknbtiwinl e |[ddenGAARE BReEL L O a
predeterm ned | evel, but wll not continue to conpress further. The LGA

-socket Ias shBenr&Adstitd TR dkailc N ENAGd UhndcRKEAIS SHRcTa! the tgi&cR! RGEAtIoRA
current fromthe power contacts and to the CPU. 10 Referring now to Figure

1 A there A&oriMM de SARiNELEWM Bd %wﬂ%@%?@f@ﬁ@%gh@@d Db ANRE A eClafhed t

devi ce package and a DC-DC converter 100 in accordance with an enbodi nent

of the pre i jQ An integrated circuit device I 10 (i.e., a

silicon chistg an#aegtY%{e?\t’én%ﬁsﬁf ed to an LGA package 120 in a nmanner well known

in the art of m«r ropi. ¢ fabrication. . The L rjses a
(f:onﬁg s%%&g%ﬁt'ggtr Leapm eo%?()l#a?rbeen t]?ed ﬁh? %ﬁ%g%grlzk_%gftf:}? Iﬁﬁ 4

substrate which na I cat |'am nat'es suc ergl ass

or bismal ei -triazine, (BT erjal.. .0 t
ot her sui ta@]fn(eg%ﬁé)? eyr%izré'l sv%{hodl)s rrfgﬁs‘l BT g"%(t)er?ﬁﬁ%?"’}ayv
or co-fjred between the varied dielectric lLayers. The inteqrated
devi ce 10 heg e Foike BB e flEaR e B Bl nabites o M i
speci fic deyice pe of integrated circyit device an%lymay be

th
o oot 11 cal 1 ¢ EEMAEE At SeRbef metal Bonger spinese; Fireaplibly thete SiE ofigit
i | [ | d i h i this .vi h GA k
S0 e it Tkee el et g hisar oot amgbth et Bjathhalom o Fomelginy aoy

array (not shown in this view) on an LGA socket | 30 when properly aligned
with the sdORWIes§igp comact tsapmejogyohasdrevesdEPuSmRIodeRromRst 3 yelage PRWPY | 30

i s sandw ched between the LGA package |20 and the notherboard (not shown in
this view).(.gheDsoRkepnyeder) pil gdd argayslioi) sagkét-f or med of non- conducti ve
material to receive the LGA package |20. The contacts on the socket 130 may
be fabriScated oflt woeldhdlietpful do Heet compagssign govRate(feR- PeiAls vendsetive pobymstigh t he
substrate

um nu er.am or
B et LR ot
chuit

1 on

or others) to eliminate the edge-card connector typically used in this application, thus
reducing the loop inductance and contact resistance of thc connection. Furthermore,
compression contacts would simplify the retention and mounting mechanism of the LGA
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



5 froma top surface of the substrate to a bottom surface of the
substrate. The contacts function to electrically couple the socket 130 and
the LGA pwokagesct20 to the underlying not herboard on whi chpdhesaekat 130
is nounted. The socket 130 nay be mated to the notherboard by a force
applied downwardly on the socket 130 which then conpresses the conductive
el ement s t aemfif @edund), theké admnectieheat the catuichmtdaainsise bheenortree sayetseacH 30 and
its 10 respective contact pads and the notherboard and its respective
contact pads.wide aaddRick treetalRsuwthadsnfoat bgmseesrt sibeiumezecoppére Taelsompressdrent i on
nmechani sm such as a frame el ement (now shown in this view) nay be provided

around t he ®afketmaldR. atthdheddelihkt iofidr e SMNE Beare Wit sefficRAhuMbeRCdmaSFodshe body
.of the franme el enent or any other suitable clanping nmechanism my be used

to hold thecsmsrired to3Qrrf HeNeRURY elsém&eheu@@QSTWbaarhemwsmat@@me L&A O
course, it should be noted that the socket 130 nmay al so be sol dered down

-(surface rr%a&edonht me %Pﬁroﬁi‘?&t@ SRR pAiddS 1aR@ tOLDHERIs REAbe E&hpreWes Yitef | Ng
nmet hods or nount ed e not herboard using a variety of other techniques

vel | known difng; hfolafetentlﬁ‘f‘m'e%nﬂﬁ’xwefhesr%llﬁﬂn 1h&heRibA pRovide? tIRATRAbiRe 'ﬁgc@n
array of contact pads 142, 146, etc., existing on one side of the

power soc kl%& \»'Je'\ta%rtﬁca&%gl_re%%oﬁ HB@E& fhat the g&ﬂélﬁ%ﬂlpﬁe"b%n%%s&‘a"é@ b prAEKhined

i nterface Oto th converter ower "socket Pnterface 140

may be part of gu@%ﬁgs#@mti{,]&q brmpflid RIRARL L MR! b TR cPldsithe RO B0A] 5, ©

cont act arrang’errent 1S VIew con act

146, etc. ricated f uctive n other
Suita) o eRtedT RO G tﬁsﬁeﬁgaéﬁw fioghe Boper Sofigeny a%ifqtbf*ﬁec e
socket l| nt erfac é{ffo cor r,es ond n ar r% of 6 WD.02/ 27867, lPﬂ SOl
/30353 'Yont act rRg;pow i% igues . TAEME 1S shaynad 9pqView of a uppsseRLIL kGAY t er

150. The nunber and arr enment of the _power contact. pads 142, |44, 146,
152, |54, |'B§sr™ """”l‘éja C¥GE PAE138E a{“ﬁm Pgﬁ\gt“&%“é‘eédh 0 iy AR IARES W' e
i nt erconnect |s m ni i zed. The patterns to mininize inductance are well
known 1ot HEedinen pEihe prssent BveRtionoAn s cireult dexise O ficoPotical hiBhi ¢ 5
packages. The two devices may thus be mated together using conpression
contact t edh#obegPoued: Ko a8 JdH@A npaskage B0 iins apmagnes gl kpewe in BBY artapf gnnent
apertures 162 and |64 on the power socket interface 140 and ali gnnment
apertures |mgirogleatrerdg fabrication. e HG/ arnkege b0 qomtprises subsisale @hishapay be
al i gnnent between the power socket interface 140 and the DC-DC converter
150 (i.6.) fabrécatediné lanvioateresicle ek Rertetibanglpeses ismaleinidetriading| (B hmatstial of pi ns
(not shown in this view) are inserted into the alignnment apertures 162,
164, 166, awdted GBurniouihekbgramic, gn otlive sdigablec ewerialdl andougltipkel ¢ogdwative lgyens ar e
described in the present enbodi nent, other forns of fastening nechani sns
are al so poslsclhare Isnickiedior ®pfiredbetekénrbe varcdtdiedeckriddayersT HEheBegated oitmer t er
150 connects to a power supply (not shown in this view) 15 that supplies
power at a devighano waytbage agdogddvide? a enicréBrovaskdrs amaypligatioursggcifididavides or
typically required by the integrated circuit device |10. The DC-DC
converter |daQ othee lype @ ineogriveindiicin déviactintl age beivselcslhotonabdieltotas amway bi N a
housi ng to convert the higher voltage to

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,



a lower voltage and to supply the | ower voltage to the power socket
interface |40 and subsequently to the notherboard in a manner well known in
the art. wowearsasi nk 20 conprised of thermally conductive p@i/gssidosss(e. 9.,
copper, alumnum titanium ete.) may formthe outer casing of the DC DC
converter 150 so that heat generated by the conversion circuits can

di ssi pate by corfhecsacket itselfeld0liy samivachedebetweanothadiGry aiadkagan 120 madinksr wel |
known in the art. It should be noted that by configuring the DC DC
converter 1h6themboirdenorshoen idascyiewpdThy sdche 30eseptises rbmtstrmenformbentf i t s
are provided 7 WO 02/ 278f7 PCT/ US01/ 30353 to the manufacturer in that the
DC- DC conv efdnejontinliveraatepial o eqaivatiel YGA gatlexge 020.0Tle dvafatto gn tHeaotKet XD
.converter 150 to the power socket interface |140. Referring now to Figure 1
B, there i smahpyvhbficit@Pola emmdérivemaseaid ededdGfansnir@yr dicgh el abttatdevi ce
package and a DC-DC converter 180 in accordance with an 5 enbodi nent of

-t he pressentrrélﬁ\éetrablsqrraceTmtharswsyra@ftocaomr@ﬁ{ Surfaed of Mdsubstigt. | TRE cofthds . On
the DC-DC converter 1 SO and an array of contacts (not shown in this view

on a powver {R&ldato bl&Et@nl’cﬁlﬁC&ugrlé%easrogk& PBPLERSHE LOATRARR S zbqg%hﬂaeny%%gnrrent
pins (not shown in this view) inserted through alignnent apertures 166 and

168 in the @&h%o&%\ﬁema{ tHeBcIRD P3RS HEUFRAL FHRELER ‘??0 i d%e FRo e thi s

view) in the power socket interface 140 assist in the proper al i gnnent

between t he,bghgey iy 2§%orc@‘a§ﬁfeﬂ'a&vﬁ\9 r%%cd?@}ﬂé Sttt 150 “F?l‘?crhftf? n@?es@&%é i onal

alignment function a mai nt'al ns DC converter 150 In cure

el ect 11 0al SRBAEL o Be POUSEIACKELALALBRARSEAIP e T S804 0

mechani sm | rica rom um num

sui t abl g mLErd Ales, na@tth € ARE FRSRNG erg@a%* P08 esh 6y S ao(f[;erfr?%be sm 170

conprises a Tramne rec ngu I'h S8CUT €d with

nuts and boltstothe N{)Febo wnlnthlsv hﬁéh ot her

fasteni ng t@%ﬂﬁf"qf}égé’% wef%wf’ OW%%S@ b 5 i, SRR O e
130 i ncl udi

devi ce | I(;)J‘gwg?l‘f"édf‘ Y'g )egéggggv §%Q aIFPq‘gl E%ﬁ%& {)]t ?'E?'F%Wd ﬁlsg"ﬁ'gé ;rt of

m cr oel ectronlc fabrication may b mated tci t he m)ther%(zard t hrough a
relief (notc'®netiending aHps e SREY 9 the) frams Fmentqr AY nithas anvitabls £ P‘"&

shoul d be understood, however, that although the retention nmechanism 170 is
i | | ust r at ed"§SH2RIFE RAYRSHSFRbqEhold) thchk%{t'éa dﬁvn Ryt the pads onjthe mathgbegyd.
possible to use the socket 130 itself as a retention rrechanl smor to use

ot her sl | @f cousice it shorldnlsopated 4t therroaket i1A0 tray alsq be golderggdeymn fspgface

PCTI USO1/ 30353 Referring now to Figure 2, there is shown an expl oded vi ew
of a cross Bewtedio B moberbeard nuing erawentiosalgefiey pridemedeniess cEmordahied to a

power socket interface 200 in
the motherboard using a variety of other techniques well known in the art.

An LGA power socket interface 140 comprising an array of contact pads 142, 144,

146, etc., existing on one side of the power socket interface 140 function to connect the

20  power socket interface 140 to the DC-DC converter 150. The power socket interface 140
may be part of the socket 130 or, alternatively, may exist as a separate contact
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



accordance with an enbodi nent of the present invention. An array of
contacts 210, 220, and 230 on the DC-DC converter 240 are conpression

nount ed twWoan/2asa7ay of contacts 5 250, 260, and 270 on thepqaousi/3eszgket
interface 280. The DC-DC converter 240 is pressed downward froma verti cal
direction on to the power socket interface 280, thus providing for a single
di recti on cbntastgedbl 2, 1REf1S6s ¢tagenissing too thki BUrleC Zpnvietter 50i SThe momberaand

expl oded view of a cross section of the contact details of an LGA socket
nount ed t o asrangentear bithe goBéontactgadoi4andt 196,t 152a1541 056 eteqdld suehthaothet he
present invention. The socket base 310 includes an array of contacts 312
and 314, etresistarfcoran®dndudtah&Cef the iseichaspn dnimgmizedd Thagauahs anmikkhizeackage
(not shown in this view). The contacts 312 and 314, etc., nmay be formed of
a conduct i Vgdutthed aralwe(lkn@wn t€ dsigkiliedan el ar@the fbFiedtion OF madrb@éctboniznd
extend froma top surface of the socket base 310 to a bottom surface of the

-socket Bas@add@eANdTRE @V Weviedsehmby iRl beCAURY i (BEEtHE? BingaddmipRdsSiBh *bfdctCi I CUi t
device (not shown in this view) to a notherboard 320. Coax structures 322,

324, 326, qédhnolofPin i Ahns haRwk ab RERNIbIsY dRNiRE. Miahbmabbanss 2 dnde
socket 330 and provide a stop for the socket 330 as it is conpressed

downward f r@moa thesfower &lckeliift®iFice Q90 Y dIignh B a%ﬁ&rI%%B@Eml tﬁthhﬁt the

contacts 312 and 3l 4, etc., conpress to a predeterm ned | eve ut wll not

ti t t
bors (not " SRRRE 5PnclY Ehidfe probdtEm AR beckt URRWED IEE i eeot g PP DAY
f EM shi j i t Lrcui i [ /.0

Lo uetur o b 85 sl BRIl d B, LS SO Gl SRR
and thelorrulti ars are relativel

|l e ot her copper. b w de a I (i..e., six
ounces) 0 bt RafBP e in BRIt Radnlohin b Huab Sl P, ik 186 ang
02/ 27867 P SQ1{ 30353 . Referrin ow.to.Fiqure. 4A, there is shown
cross- sect %—é}g?q\?fpe B0 the KgViges 't?ﬁ opgl 3%"8%§'LPB'S@F Pﬁér'%egnﬁotﬁgr?{esﬁ'ﬁrts of
an unasserrblpﬁ)d LGA | tegr atﬁg circuit device Eagka e.bﬁnd@ DC- DC clonverter
400 in accEPREHEENtOME Z9me o SRTHgmesTarniss HF 858 Pssible S1ehas SPring,clips
integrated circyjt device 410 may be connected to an LGA package 420 5
usi ng an araf“éﬁ)‘e:j#‘eterm nals (i.e., land pads) 422, 424, 426, etc., in a
manner described in the enbodinent illustrated by Figure 1 A An array of
contacts (not sABWMPG-RG sanyeriar di comncets 1o &ROWSE RIPPIYA®Ot domnd8 gAY t he
| and pads 422, 424, 426, etc., on the LGA packa?e 420. The contacts on the
socket 1430 thagpupndies poywsraa e deBher vitiagd (fasctd et Bpwsiliy aag sroundtthay isdypicadly| e
material and are coupled to the socket base 440. The contacts conprise 10
conpr essi vaeaiimd dot thet imtageatasi viecudt| daviei EHl.  sihgnRCDE reonvarise [50itingpdased
circuit device 410 and conpressive contacts 432, 434, 436, and 438, etc.,
t o recei ve cpovearional yptiage DOWVBGiapavirgeitst withid 8 BousiigstoROn G tho highertveltage30
conprises a substrate 4S2 which nay be fabricated of |am nates such as
FR-4, fi bendgbwssyoltgaiead tabupmiynibenlowsr altggeotonibe powett soiokat imterfaoei [0, andn 15

out put voltage plane (i.e., a VCC voltage plane) 454 to provide output
vol t age t o stlsequently 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, etc.) 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. It should be noted that by configuring the DC-DC

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



socket 430, and a ground plane (G\D) 456 to conplete the circuit path in a
manner well known in the art of power delivery systens. A G\D pl ane 442 nmy
al so be iwolmdess7i n t he socket base 440. The LGA i nt egr at gge@us@sviszdevi ce
package and DC-DC converter may be assenbled (not shown in this view) and
mounted to a not herboard 460 using 20 conventional fastening techniques in
a manner dascah¢ badufactuichén erbadi DEFDC icbhvester 450 chapybeFegaratelyl tedded BefbféA power
socket interface 470 nmay be nmounted to the DC-DC converter 450 in a manner
al so previ atalng theeDRCDO eshveert 115@ tethib pelverantket intenfate Btoed by Fi gure | A
Referring now to Figure 4B, there is shown a cross-sectional view of the
spatial rel ati oRefirfingOhow e KQITPABEfMerddRr showafa P ASS efthedsdnibled DGAQr at ed
circuit device 10 WO 02/ 27867 PCT/ US01/ 30353 package and a DC- DC

converter 48QglaledaGcon dRIRE pwage aRd anbodHORBAveREr 1 BE iPaBSfdhcd WN®MdA ON.
The conponent parts of Figure 4B are identical to the conponent parts of

+Figure 4A angholiimisit 58h&prrsdnh fivedBR. THERAYCord8RhAN P42, 958 -and N4ES etc o ifeUCt UT €
and process for delivering high current I'ow voltage DC power 5 froma DC-DC

converter tHcat Ldiert@a6 hn@ifarf of ESRARNNBGHBIA TPRiSGEW PN an(R%F KRYEs

W t hout passing that current through the underlying notherboard has been

descri bed. dﬁéief ua aP%Jﬁ%ﬁ?ﬁWn@@%&%&% i&li’%n?x@ﬂ%ﬁf@%@% WBenld GULES

di scuss an ustrate s enbodiment s, appreci at €d t hat
t he present. i ' [ u |y e i: S e | & t hat
Fol 1w 10 ™ty Py alebfinf SRR AERTHS 1 AEHEDR, ol BTG 02
power converter; and PCT/USO1/ 30353 a |.an rid arr seck nmounted to an
rray of cotieabey e opndhr Brnd i ahie P A BRs Elo SR hER o an
array of, contacts on the |land, grid array socket. 5 2. The power. delivery
system oF  GroRehaegpgy eﬂvﬁeﬂéhgr“wwe‘ﬂf‘fsco t’éEPEO’bH‘eP‘PFé“Sﬁb\X/Z(fPE’S?W‘ér%"er and
the array of contacts on _the land grid arr socket are contact pads
f abr i cat ed FAERMA ALBIRSE 5‘?'1090'&61%0%9‘?&Péﬂ}“r‘&%ﬂ%ﬁ?"v%ﬁ‘e’#ﬁg IR clisiricter y
systemof Caiml wherein the land grid array socket is e|lectricall
coupl ed t o ANEFY MBJNCPPYER EocKRfaetish | #hcl TR CEieaPn REERfSme 47 & may et
device 10 npunted to a |land grid array package, 4. The power delivery
syst em of dpiicatefl {fprar @pstict ﬁg‘"ﬁﬁ)‘\%r Orc 3R, SEReE Uty dnaterialn t1agBe rEgset ed
froma power supply to a |lower voltage and transmts the |lower voltage to
the land grambodieal; thegeteation mechamam Jsheemprises & Baye elomeriregansdaninphapenher ei n
the land grid array socket is 15 nmounted to the power converter and to a
print edl5ci rtbati mayobaseturedi widh auisiangbeltyila thetmesherbgard drad rabpyyn améhit sigpdessi on
contact technol ogy.

although other 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
20  the retention mechanism 170. It should bc understood, however, that although the
retention mechanism 170 is illustrated in the embodiment illustrated by Figure IB, 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.



. 6. A power delivery system conprising: a power converter; 12 WO

02/ 278C7 a printed circuit board; and PCT/USO1 /3(1353 a land grid array
socket MW@ @278 an array of contacts on a surface of theppnDussi/ssaverter
and on a surface of the printed circuit board using a single direction of
assenbly. 7. The power delivery systemof Claim6 wherein the array of
contacts on t he Refeseing bow omVeutee?, thameliscsshowien pxplodeddvie ot alictoshecation of
correspond to an array of contacts on the land grid array socket, the array
of cont act sthé abithat ateendls fof @MDEHBC teohveatkd yocmed uc b ipoeverradoket mterfaBe 20hén power
delivery systemof Caim6 wherein the land grid array socket includes an
i nt egr at ed stérdarct wik\inGenboainenecf the pesdnaimdergiond An alyy plckegrs.210,.220he
power delivery systemof Caim®6 wherein the power converter converts 10

vol tage recqidvad dnfenDIC-DONEInvEHP RKUY ateOcompr@wioh miduhicdde annekay bAbsTAdsS t he
| ower voltage to the land grid array socket. 10. The power delivery system

of C airg 6 xypenen, Nand 70l Gnehedpdvibr 3bEIRY iM@edce280S TRUDEEDC t@nidi@r ROYEY
converter and to the printed circuit board using conpression contact

t echnol 0QY. prkssed Hovtnwdid TRID Qv eRfcaMBRtibi 8n 3o kIRNSbv: isBeiRE (M 20088 thho 2
power converter, the nethod conprising: providing an array of contacts on a

surface of 5“%&‘@?“?‘%63?@&%%5 of @il ng an array of contacts on a |and

grid array 'soc ace corresponding to the array of contacts on the

power convert er g fan M‘&vQ@’F%\Z/Fe%zhé?%ﬁgs%«%éﬁ@%ﬁédm&ioF'Q_cFo*a?sJﬁa&?’oﬂrid

array socket to the power coifverter vertically conpressing the array of

cont acts ot B AR BT PU0BSKS ) £ AR Do G, GHLAL Ofy G0 20

) conv_erter. nme aim1l erein
the st R Ofem%'dn%e'n?%f Eh@epr s@rﬂqnvaernhgn.aﬁ"ﬁeayocl%&%léget 3 lt00|ncludes an array of contacts

312 and 314, etc., formed to receive corresponding land pads of an LGA package (not
shown in this view). The contacts 312 and 314, etc., may be formed of a conductive
material (e.g., conductive polymer, metal, or others) and extend from a top surface of the
socket base 310 to a bottom surface of the socket base 310 and provide electrical coupling
15  of an integrated circuit devicc (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 to 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.



5 the power converter provides an electrical connection between the |and
grid array socket and the power converter. 13. The nethod of Caiml 1
wherei n tWO W2amb7gri d array socket includes an integrated gtrosiiizosiVvi ce
nounted to a land grid array package. 14. The nethod of Claim 11l wherein
the step of nmounting the land grid array socket to 10 the power converter
further conpri s®sfertig savepo Bigureotmttherg it Sewnanctossrsectiamal rigwsfakespatial a
printed circuit board by vertically conpressing an array of contacts on the
| and gri d atladyhskipcdfethe woinhomnt aetapf of uaassenstsgbd hdiAn ihtapattd cirauindevidee
printed circuit board. 15. The nethod of C aim 14 wherein the step of
mount i ng t lpackagadnd)aiDC-BT eohvemarks ih acddidanpe with el eRibiodimednt bD ehechrgdemvi des
an electrical connection between the land grid array 15 socket and the

printed ci rigwntiod0oAndntedfated Wircuit@eviedds f mey 8¢ Gdrhtcred e g nct&pac&ﬁ@mzof
nmounting the land grid array socket to the printed circuit board Further

=conpri sas tRMgShaRraPbr MM Hais@e.t RAd badd§l 420, 1404 2026 20c.S ACK Rlaniep desckiBéit | on
mechani sm the array of contacts on the land grid array socket nounted to

the array Qfe Q%Hdﬁﬁé,ﬁi]ﬁ@trétbtﬁb}s\lgigmeqskc/imm tor BARESE (nbr PEGR iRehiSidvdfon! N the
retention 20 nechanism 14 02/ 278G7 PéT/ US01/ 30353 17. The net hod of

oLent o ( \ e
aim whargd rotklg‘le43:0%ﬂe3{oihg t@{ha%@gg{gz, 384 96, &S, @(h LN P&\?\f%e

mechanismto hold the | and array i n proper I gnnmen h the

printed cirgyi ‘rp?(gfrftﬂt fk \?\%&EpmrmﬁjeﬂegQBWéa{ed\ﬁotrmc&nlagctR@%@nﬁpQrv&flérer' |

8. The method o alm erein t power converter co rts voltage

ol Canet o N RN Gha SR Rook® 18, th 1Blicek Fale Y0 A’ KRR elmbrie, OnrT
. A . ANLA. AR 3R ~L ] ) ) ) .. .
s oot el eckdhusts o tpesiug dectiicl pgnale SIS AnUeFed FS L 45ve U9) o cal

ca] ca] ca C%]ng % r(r:lzf}ile(s:s?l eC((;io]n?a%JsCﬁb,C Eﬁ?], %%, 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 (not 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 a 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
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| """ 10%m& ()-y s10%m& ()-'y 10%m& ()- @GCDEQ bCl | "910%m& () - 10%m& ()- 10m 10m
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e B T O
18(%2‘ 8th‘§10 & “3%6%@ éég‘)a)"a?@? i‘iﬁ‘&% %%ﬂ%&}%é%%géﬁfgsmsm&c g

109Z& ()-,"10%Z& ()-*g 10%Z& ()-1 (T 10%& ()-f&T 10%Z& ()-s$g

109%Z& () - 4444455n55bC&10% & ()-f 10%m& ()-1"&10%& ()-10%® ()- 10Z 10Z
10ZF7" 109Z& () - ThaVpB&r 88liNenCsfster0shtRlaif) | Wit eOv#rgaryy off con@osmen (the BN () - f
10%r&' ()- 10%r& ()-89\99: a;; dELC, "10%& ()-s$f 10%r& ()-1""10%r& ()-f vy
10%m&' () - LtorivePentard tHef artf)omB. contagtslon thedandk ghCladGy &oRet 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 1 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 converter;
12
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10Z! x AY3 &1 084v&tt€r) and chObe Stifted EiDSWIDoa)d cat@spond to an array of contacts on the land

grid array socket, the array of contacts fabricated from electrically conductive material.

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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contacts on the surface of the power converter.

12.  The method of Claim 11 wherein the step of mounting the land grid array socket to
5 the power converter provides an electrical 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 socket 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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18.  The method of Claim 11 wherein the power converter converts voltage received
5  from a power supply to a lower voltage and transmits the lower voltage to the land grid

array socket,

15



