WD 02/ 27867 PCT/ USOL/ 30353 SYSTEM AND METHOD FOR CONNECTI NG A POAER
CONVERTER TO A L AND GRI D ARRAY SOCKET FIELD OF THE | NVENTI ON The present

i nventi owoped/atses generally to power delivery for el ectrop¢T/usowamsssts 5
and, nore particularly, to an inproved power connector for land grid array
(LGA) central processing unit (CPU) sockets. BACKGROUND A standard
conput er system typi cal $YSTEMI ANBMETHOF BOBACONNEGTINGevi ces nounted to a
| arge printed cirgaBOWBRaACONNERFERTOA AR IGRIA ARRAYWSOEKIIC ket or
simlar type of 10 electrical connector. The notherboard is supplied with
vol tage froma power sup&lé, usual ly at a higher DC | evel than is required
by the int dJERDQF JHEINYEYEONe. Currently, a voltage regulator (i.e., a
DC-DC converter) is used in certain high performance conputer systens
along with a pi AhegpiederdrineeptigrPEytessermriatly torpeweredalivery fOng@tE@éq PIECUILRI t
(CPU) package that connects to the socket consists of an integrated circuit
15 devi Ge (asdgnore gagiciladnrto ehimprowd| pdeeeebnnester fpnlekdigréd araysL o) senfsl ng
flipchip ball grid array (FCBGA) which, in turn, is soldered to one side
of an i nt empassingusitiGPUasdckgs.id array (BGA) technol ogy. The package
substrate connects to the PGA socket using nultiple contacts in a matrix

arrangenment each having a pin type tail. The DC-DC converter connection
consi sts of RéRduNpyer flex board and an edge-card connector that

B U |
connects to one edge of the interposer substrate. The present

cont 1 urat on 8Lk &GP H-RBFIAARY hOMIR LRSI STl R R socke
e, : - I's then
attached in,tRe X Ae i Hol@ IFHHAGE L MbeAAsbdld L AR SnilafhpRTFOn
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.



mechani sm WO 02/ 27867 PCT/US01/30353 1In the recently devel oped Iand grid
array (LGA) socket an array of pads, rather than pins, provide the

requi si t avebseissT cal connecti ons between the integrated cpeT/ubtl/®ess ce and
the printed circuit board. LGA sockets are advantageous because they do not
require soldering between the socket and the CPU package. Moreover, LGA
sockets 5 reducén thegedenilyldeveddped handsgyskartay pd&ida geskeran supxief pads( sause
they do not require the use of long pins) thereby resulting in shorter
circuit pattns pamspionide theeequidile eteciricall conpretidrobatvece the gegrated cirguit dsvider t o
connect the current DC-DC converter to an LGA socket, an interposer would
be requi r ednd theprrimwiddérciiihBoaedl geGAasocketsre ndvaoegaoes biécaest they dohet rdg@ir©C
converter. The interposer would add height, electrical path I ength, and
parasitic kOldemighudbeaner the tdiketsankeahé paRlapekigel sMbrtovon, LGAusockegati ng

t he advantages of using the LGA socket. Although nultiple one ounce copper

power plsangsdud@yhcakRat drehdiseretipackapdOPy solpawebedausithéhdo haTréAuire drevset er to
t he CPU socket through the notherboard, an excessive nunber of power and

ground contyCioheWeinb)d thecbperdaidnanid threaddictic ophals hbd pigpesveanelegriaind
pl anes make rmtﬁerboard routing difficult. Delivering high DC currents

through t hgeHBiRRELOMoeld, tNErdbCR ERBkRithd SurRit BXPPOSioWeeriePlisiah GANd has
addi ti onal technical challenges not associated with delivering current

directly onbQel R intbfsed AokRIbe ASRARP Y provibE R e@EEcard IntdMRbe FeqbRePBlV@BT ageous
to provide a | ow inductance and resistance 20 1nterconnect that inproves

It woul o a2 ke RIFFarRE ipeXf TebiSagFei, FROVEN o8 kA JRg phisusockel:
! y a single
directi 18" inductance to the socket/package/CPU solution, thus negating the advantages of using the

LGA socket.

Although multiple one ounce copper power planes may also be used to supply
power from the DC-DC converter to the CPU socket through the motherboard, an
excessive number of power and grouﬁd 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 helpful if the interconnect required only a single direction

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



(vertical or Z-axis) of assenbly which would save tinme and manufacturing
costs. 2 WD 02/27867 PCT/USOL/ 30353 BRI EF DESCRI PTI ON OF THE DRAW NGS The
present iwoentisen is illustrated by way of exanple, and npCTAUBOI0343 on, in
the figures of the acconpanying drawings in which |ike reference nunerals
refer to simlar elements and which: 5 Figure 1A is a top view of an
unassenbl eBRIGK DESERIPRION OF THE DRAWINEeSpackage and a DC- DC converter
according to one enbodi nent of the present invention. Figure 1B is a top

vi ew of an asseiid pdsenGAvimibe gritostdted by evay of ebamipleearplak Hgéatian th the DC- DC
converter according to one enbodi ment of the present invention. Figure 2 is
an expl odediguiesof the acoip@ssngsdrewingninofhitthigkeaefoteacst nudetadd lefer of simil®C- DC 10
converter as it is being nounted to a power socket interface according to
one enbodi FRRfents@hd WARhPr esent invention. Figure 3 is an expl oded view of a
cross-section of the contact details of an LGA socket nounted to a

nmot her bgar d acc @il gAtioa RP&icabrai umestmblkd LO@ iptegaedtcirbuivésvidegiackagsi gur e
4A is a cross-sectional view of the spatial relationship of the conponent

15 parts ofyn@R DNPESEMRABHackErinig i 61 saitRdintdnt 6ihd pré@vi iBeenpidaskage and a
DC- DC converter according to one enbodi nent of the present invention.

Figure 4B is a @{Re61BaShit@NAewVdreW Qdenbtd ISPARtntEdratedbéuiodsiipatifagt he
conmponent parts of an assenbled LGA integrated circuit device package and
a DC- DC conygh RI.DCR6mUEF Rord Mg EnedmRdint@nsf (Rf prededr iRv@sient i nvention. 20
Figure 2 is an exploded view of a cross section of the contact details of a DC-DC
10 converter as it is being mounted to a power socket interface according to one embodiment
of the present 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



3 WO 02/ 27867 PCT/ USOL/ 30353 DETAI LED DESCRI PTI ON Thr oughout the foll ow ng
description specific details are set forth in order to provide a nore

t hor ough wadersstandi ng of the invention. However, the inveariuee/ivess be
practiced without these particulars. In other instances, well known

el ements have not been 5 shown or described in detail to avoid

unnecessar DIBTALEDDESGRIPEIQN esent i nvention. Accordingly, the
specification and drawings are to be regarded in an illustrative rather
than a restri ct Thieugions e Otiopingsdisaiptionpedific detgitnaleogy fords iewter tsed i n
the conputer industry for a nunber of years. Various forns of this

t echnol ogy phaw a6 thevelhapdetstahdicd ofiihe grvedtbnp dlopeeer, thasedntenmacbs wi t h
el ectrically conductive netal particles or wires inbedded in the pol yner
and st anpegaaédl wigoi Bk padicilags In &ther isvuanpy, ecll kieveclanantciaveaodieah | y
avai | abl e sockets, connectors, and interconnect products using this

t echnol @9y shdIVBY &k scrib&P P HEES 1t6 hvEidNirmetestadiBhoBIcOnL [RSpragyie investon.

enpl oyed to connect a voltage regulator (i.e., a DCG-DC converter) to a
land grid actaMinghCie §R6KE4ton bad IdrawiRgll e e bBetdafde ih @nUBGsIAGVEDFAERS] ON
contacts (e.g., netal, conductive polyner, or others) to elimnate the
edge-card gonnechQLivk¥@iscal Iy used in this application, thus reducing the
| oop i nductance and contact resistance of the connection. Furthernore,

conpressi on congach s WOHLShisk Thhdey IS b&haRED §N uRNGnPRIALARGyEGhaNI sm of
the LGA socket bybpﬁﬁgfdgﬁg a neaﬁ?lfor contacti%g tﬁgBLEA so% et ?ron1a

vertical f%p!{xggrgahg&ré \Zagopso?drﬁ'lg)%%hisdtie&%%%%?mgﬁbbc% a&fawpé&%aﬁ&iﬂg

conventi ona dge-card connectors. e prese odi nent provi des power
ConneCtIBr %8{}%1%? !15'2: C(())r];tac%s eh %f‘é(l:tthR/a{oqductive metal particles or wires imbedded in

the polymer and stamped metal contact springs. For example, there are commercially
available sockets, connectors, and interconnect products using this technology. However,
compression contact technology has never been employed to connect a voltage regulator
(i.e., a DC-DC converter) to a land grid array (LGA) socket.

15 1t would be helpful to use compression contacts (e.g., metal, conductive polymer,
or others) to eliminate the edge-card connector typically used in this application, thus
reducing the loop inductance and contact resistance of the 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



connected to one end of a DC-DC converter output circuit board. Since the
connector nust carry very high current levels fromthe DC DC converter to
the LGA swoker7sand 4 WO 02/ 27867 PCT/ US01/ 30353 return (pcDUsa)303i3hese
connections on the circuit board consists of one or nore |ayers each of

wi de and thick netal, such as four ounce or six ounce copper. The

conpr essi ometumc(grbamd)sthmyotmcmrtsao esckiestit bbasd eortsists cSnde of mergdaystseaagh wi t h
sufficient nunbers and cross- sectional area to carry the required

el ectri cal ot widenid thidkembaarschmay fioe cvatedr sia dunee kGRet Jbe lkeompwissipn t he
appropriate contact pattern and the contacts nay be conpressed with a

cl anpi ng okoftedtemay 66 amEbdbatitisnthertead e the rbbardrwithesmaoiding mupbay ardkegosshe
clanping force as well as the conpression stop so that the contacts wll
be conpr essgdiohd afcaé eABttRE Regied cldcaical curdontt Tht bbard aiay be niatedti@the d.Gonpr ess
further. The LGA socket has the required netal conductor |layers to carry
the el estrisgaet Gith RN EpprapPRict doRtapONRErCATAL tAE Lontatdmap bk Rempikkied MittRef er ri ng
now to Figure IA there is shown a top view of an unassenbl ed LGA

i nt egrat ed cfah] g‘mg' dr reteMidnanRstkag.e TR EbtahtiBCnIbhaa RMvVIgbtigds tAOBlampingdeoe dance
with an enbo nt of the present invention. An integrated circuit device

110 (i.e., a§‘w§ll|aé @R ok PleBion HEYsolRat ARLIhREs Wil BcdatphesR@rt agredtZPningd a
manner well known in the art of mcroelectronic fabrication. The LGA

package 12 (l)ev%p rISBL{)vﬁ Efot RomtHRS td 8drSprédi e hO 8 GAOsobRE hh e ik @chunttd hidedl nat es

such as FR-4 erglass or bisnmaleimde-triazine (BT) material, of coated

al Ui num  Ger Al ey ay @S OLPE in Uk A Gurfti £k AlehorRekoRubiaRl & FopuCt i ve

| ayers which are am nat Ired between the varied dielectric

| ayers. ,The int ﬁgfﬁﬁg c&! {OCMg&re 19&6\(1& eelslyhgwm%opele@no@aaqlngﬁeﬂsmaqma

m cr Opl’ cessor, a evice, or any other type of

Integrated, r(l:tleérgtlélcli tc1rcu1¥|d(e:\ﬁceaggckagey ar%e %@ B E&f@%nltéf R)%nlﬂe&{:grga&cg ith ghray of

embodiment of the present invention. An integrated circuit devnce 110 (i.e., a silicon chip)
may be mounted to an LGA package 120 in a manner well known in the art of
microelectronic fabrication. The LGA package 120 comprises a substrate which may be
15  fabricated of laminates such as FR-4, fiberglass or bismaleimide-triazine (BT) material, of
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.



20 termnals (i.e., typically circular or rectangul ar pads) (not shown in
this view) on the LGA package 120. The pads on the LGA package 120
correspomiovmmepattern of a contact array (not shown i nP¢hiUSoviogss) on an
LGA socket 130 when properly aligned with the socket 130. 5 WD 02/ 27867
PCT/ USO01/ 30353 The socket itself 130 is sandw ched between the LGA package
120 and the not Hier bakeditfetfot 30s sowndwinhadhbesweanethy . LGhe pederetl 2 20d dbpri ses
a substrate formed of non-conductive nmaterial to receive the LGA package
120. The catntiaeioardmot slewadelies vie80 Thayodset F¥rompaisesc sibstzete et of ve
material and extend transversely through the substrate 5 froma top surface
of the subsbi-adluttdveand@iad anmesiveftheeGAf packegeddbs ThatamtactFlve timosotled 1 30
function to electrically couple the socket 130 and the LGA package 120 to

t he under| yap®e faBridard boarcanduotivihinatbridl ed sxekdetrark8@sdls thrmugh ttiedsubtete socket
130 may be mated to the notherboard by a force applied dowmmwardly on the

socket 330 fih € llof BB Mice ONMtcesibattd fdea bormel yaitfice f ehesubatrae.t Thefcbmadts a
reliable electrical contact between the socket 130 and its 10 respective

contact pagcadgiddiuiBallesprandsaRél 130 and @R ipickago oo thepadstlyihy or der
to maintain alignnment between the pads, a retention nechani smsuch as a

frame el empjherkddfios AR thdsdekdt S 3V ieMbuiiY DR Ry i1d@chagibeidded faehsocket
130. In addition, a spring clip extending across the body of the frane

el ement or ,amyv. QREby 8 RirdddbleddWNMaRly ofTBie REdKe MBONRcBenIsMtbréRedtat d t he
socket 130 down agai'nst the pads on the notherboard. 15 O course, it

shoul d be Qgﬁcﬁlgti\tehé} méReiSatkes redizhle FRYridhISBnhas ReldsiRdsodran 36 ard frace

nount ed) to the notherboard using conventional reflow sol dering nethods or

mount eq,t 0 resEQc?ingBm%t %Qé’sr fhaURd ROthRrYA 8 Yes s pONE Loktid PRIAUR YR H  kKnown

in the art

maintain alignment between the pads, a retention mechanism such as a frame element
(now shown in this view) may be provided around the socket 130. In addition, a spring
clip extending écross the body of the frame element or any other suitable clamping
mechanism may be used to hold the socket 130 down against the pads on the motherboard.
15 Of 'course, it should be noted that the socket 130 may also be soldered down (surface
mounted) to the motherboard using conventional reflow soldering methods or mounted to

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



An LGA power socket interface 140 conprising an array of contact pads 142,
144, 146, etc., existing on one side of the power socket interface 140
functi onwoororssect the 20 power socket interface 140 torthesBoE3
converter 150. The power socket interface 140 may be part of the socket 130
or, alternatively, may exist as a separate contact arrangenent (not shown
in this vi ewtact Phds 16ant Hct Spats exigtng amepe DABC eongerter gy %@ nugisf prcht ed
frommetal, conductive polyner, or any other suitable naterial. The contact
pads 142, arkdhgethdf,ofelieccpqweonorttdve pplsvid?, IIdcldst 152t 84.f1@6.ectd.4i0 sedbrtheighond t o
an array of 6 WD 02/27867 PCT/US01/ 30353 contact pads 152, 154, 156,

etc., existdsignanatdmdiEamde afahy t¢reonndBds niimienizednilre patdms g0 mangerent  of
the power contact pads 142, 144, 146, 152, 154, 156, etc., is such that the
resi st ance irainetandadine vall &govaf tottheseiskilled moheec tof ie fabrivhtiorzeftnicibelecpatic er ns t o
mnimze inductance are well known to those skilled in the art of the
fabri cati oRadkhgddi CrOR! A&t HOIies MayPMaK dgesatedl igethao udey carpressin tdnust be
mat ed together using conpression contact technology in the same manner as
i s previ ousdchndlESCinithe shmeAhaGIBMRTE pRRRLEIYIdesrib&R Ahghmehbdpeaires N62 padver
socket interface 140 and alignnment apertures 166 and 168 on the DC-DC

converter 1gh,NgkRoRBSWER: RIQREE 14) dndR enPBIHBRR 16016 dPIGBRA tIRASEEIC
interface 140 and the DC-DC converter 150 (i.e., when the two devices are

conpr essi ol  NRHAL &Y 1] GRIRPropkP aRiditen BQlveSNAMROWE JoBikes intér@1d 120 @nd Nser t ed
into the alrgnnent apertures 162, 164, 166, and 168 to help align the

devi ces). ﬁleé[?@%g(ﬂlviﬁ:%%@&i Pivflen MGl &R 'Eésbd?&gcdnfbt;%ﬁ%n B{oﬁﬁﬁﬂ]ﬁligm@di ment ,

ot her forns eni ng mechdni sns are al so possible such as spring clips
?zdt LP?OL: ‘lé\l%s (rTOQ%hoDvs:ﬁ %h%%@(ﬁrageeirnsejrég ilﬁgﬂ{}eﬁi&ﬁmgﬂ aﬁear?é@’elr62,sf@pllé'6, GRPt shown
168 to help align the devices). Although alignment pins are described in the present
embodiment, other forms of fastening mechanisms are also possible such as spring clips
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, 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 the manner described by the present embodiment, benefits are provided



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- Dveonymst er 150 includes conventional voltage COPEEUSOIEIZTII rcuits
wi thin a housing to convert the higher voltage to a |lower voltage and to
supply the |l ower voltage to the power socket interface 140 and

subsequent ky tHeomiduacomérhiar thatathel DGDE crmmertar M@ mhaykprovapaiarelyt festedirbefored heat
sink 20 conprised of thernally conductive materials (e.g., copper,

al um num hiatiagihe MC-BIccohverry | 5 woitha foher sukeintedsengd.of t he DC- DC converter
150 so that heat generated by the conversion circuits can dissipate by
convection di r eRefepringMicwv tBigater IRUhete rig skdwn & nopa viewaofhar assehblekm®an in t he
art. It should be noted that by configuring the DC-DC converter 150 in the
manner desq‘«{té%a@ld Rifcilih Bevidce pRREgeCaMAOL IDTEDC, chreaedi 189 iarecqdaxt dect ay WO

02/ 27867 PCT/US01/ 30353 to the manufacturer in that the DC-DC converter
150 may sbe .5@p@hRhEfYhd [8deRdn RN, EThemtal BEcdnbRtsDE2, DG4 cAaVS6 tedd., chaRe t 0 t he
power socket interface 140. Referring nowto Figure 1B, there is shown a

top view ofpapcasacdHRl €sh 4ddn atd BoRtaCd (K0t KikoW indIBY Vie®) P& kage sasidt a DC- DC
converter 180 in accordance with an 5 enbodi nent of the present invention.

The array of..4pp4aghs c%n'ﬁ%%essléﬂmoﬁﬁéii td2her SAfignm&H pind ehdPShova iR @Y GehvEr 150

and an array of contacts (not shown in this view) on a power socket

interface én\%)grt@cf ﬂxr@ﬁg{ﬂﬁ@%ﬁﬁ'ﬁgﬂ%ﬁﬂgﬁk ads L AgetdReh: 1l DO RbnRHES 1§Mahd Shown

in this vi I NS I gnnment apertures 166 and 168 in the

0 DC conveflStent oA (o SHATRBis B8] htthESod el SNAMMade ab Bk il ) T 1

t he power gd%ke nterfac assi st proper alignnent between
e e ST S R B ey ] B0
electrical additional alignment function and maintains the DC-DC converter 150 in secure electrical
contact with the power socket interface 140. The retention mechanism 170 may be
fabricated frorﬁ plastic, aluminum, or any other suitable materials. In the present
embodiment, the retention mechanism 170 comprises a frame element rectangular in shape
15  that may be secured with nuts and bolts to the motherboard (not shown in this view),
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
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.



contact with the power socket interface 140. The retention nmechani sm 170
may be fabricated fromplastic, alum num or any other suitable materials.
In the pvesent7seEnbodi nent, the retention nmechani sm 170 cpapuUsele®3s frane
el enent rectangular in shape 15 that may be secured with nuts and bolts to
t he not herboard (not shown in this view), although other fastening

t echni ques wel | Rflamimg now tbéguae 2, thery iashowniae expleded view [ofsA craseedesion 280

i ncluding an LGA package 120 (which includes an integrated circuit device
110) rount e ddatachaetsiClfes DIZDCH congerteammanteted la powenmodkat tnitvefage 20Gin
mcroel ectronic fabrication may be mated to the notherboard through a
relief (Nnotchdwee with hhémbadi@ut of thePesthenvesti@nt honrmpe ohamietn2170220] t
shoul d be understood, however, that although the retention nmechanism 170

is illustrahedso bn ithepemodbmentr 140l dis tompredionymébingudrie ahBirral tof icentaas so
possi ble to use the socket 130 itself as a retention nechanismor to use

ot her sisni hag, 260ebRNLTO RN BE PaRES STkt NMeTaden280NeTRY DC-BCWon0ste? 286 Ts
PCT/ US01/ 30353 Referring nowto Figure 2, there is shown an expl oded vi ew

of a cross el R nQhrd HEMCONAEA dedtdhlon ©fthépéXerl¥ociknhiverficer280pthas ed to a
power socket interface 200 in accordance with an enbodi nent of the present

i nvention. AR akd RY a Ohee ARt AGh S &bénbi$20,- and 230 on the DC DC convert er
240 are coﬁpre55|on nounted to an array of contacts 5 250, 260, and 270 on

the power sock ekefeﬂtn%rrfo@sptgi lﬁég% 3 TthEre RCHSWnCRANMUBIOHES vidd QflarosPk&SisL df

downward froma vertical ion on to the power socket interface 280,

thus provigl %gtar:tod’etazﬁs St f}gﬂagéclbglépkb@ne@t% ARREFR Y 30EhGLEdr ey ho Figure

3, there is shown an exp view of a cross section of t he cont act

detail SIOOf e%%oé’i%g‘nts&cthg EreE%W m\/grqloko The qgél@?lgagt? @E@in%glgeg dh Q'FaSIfoQQﬁﬁ&s W th an

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 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 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.



10 enbodi nent of the present invention. The socket base 310 includes an
array of contacts 312 and 314, etc., formed to receive correspondi ng | and
pads of awobtavspackage (not shown in this view). The conpearwsoizbassand 314,
etc., may be fornmed of a conductive material (e.g., conductive polyner,
metal, or others) and extend froma top surface of the socket base 310 to
a bott om sur f acRefefring mewstodkigtre BAs the®119 showh preepss-srstienadyiem efathe seatigl i ng 15
of an integrated circuit device (not shown in this view to a notherboard
320. Coax relittousHtipifoé she32snpdd2at, paB2&f aptwnassembied HiGyh istegmatgt dimviegeviesy may be
metal i zations of the socket 330 and provide a stop for the socket 330 as
it is conppaksgdardiond@abd donamen 40@ it accaldancdiwithcan embalimers of tiee proseher boar d
320 so that the contacts 312 and 314, etc., conpress to a predeterm ned

I evel but WivehtidhOt A€ fiédrite® clr@itcdeviee @S6 nfayriehennec@dppen LSk pddigd 42 20
mul ti pl e other copper bars (not shown in this view)) coupled to the socket

base 316 maying beatisesk kokindMi.cs il gidsgr2andlipn26eryna afrgmnéhiesirivee gr at ed
circuit device I/O structure. In the enbodinent illustrated by Figure 3,

the copper ghamb3diheantuitheedBy fidpé €A OnhaFrag Ofafacts bidt shownantidd dewyel y wi de
and thick (i.e., six ounces), but copper bars of other dinensions nmay also

be used. 9 WD REEGE( REFsHSRILOINBAR pAAB 147, 142004780¥(C L Bn UL & phdkagd here s

shown a cross-sectional view of the spatial relationship of the conmponent

parts of ag%%.”?l?é%d@ nlefSdc it 896 Ha§ Be FibFichted frolR \CbRRictiRASIAEG crldthe” DC- DC

converter in accordance with an éenbodi nent of the present invention.

An integra i L i.ce e n t qg%&g 420 5
usi ng an a%ggdy%ogn%tég%lmgﬁaélage féll?pg?dwgﬁdsﬁg 3)6&5242&0 22@@ dﬂ?gi%,ctget c., g? n a

ggz[] Sgtlge?%é%;l?%%s&)\:ﬁq coln%igtt%ﬁ:oe grpc\%ﬁ/:g\%?e@%rﬁzhll 4ié’r§isrf%rﬁ%é)%te@a%ﬁr &rcuftdefiBe fg @y of

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 (nof 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 1A.

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



an LGA socket 430 correspond to the | and pads 422, 424, 426, etc., on the
LGA package 420. The contacts on the socket 430 may be fabricated from
conduct i weopobseer or other suitable material and are copgi@doim3ishe
socket base 440. The contacts conprise 10 conpressive contacts to receive
el ectrical signals fromthe integrated circuit device 410 and conpressive
cont acts 43kagland D6 -DErrdnuB®r 484 &n accordancg veithyan pobwstimént mithe pEsenC
converter 450. The DC-DC converter 450 conprises a substrate 452 which may
be fabri catredntofn. Thntompopsntspacth cAdiguRe 4B dr¢ pkentidad o thecwatpederdlparts nim  or
any other suitable material, an 15 output voltage plane (i.e., a VCC

vol t age pl &pdie 4%5dnd thupre@in e samet puteriv déssigngaortso t he socket 430, and a
ground plane (G\D) 456 to conplete the circuit path in a manner well known
in the art of pohwer adeldtwrerayd pyseanor dAiveiilhy pighrerrdd 2owayltadesDC lpewenc! uded
in the socket base 440. The LGA integrated circuit device package and

DC- DC cenveéoined DCABE chrveasserddl I8GIA (sbeket shtiosufrespondifg snistbedtroatthadkigad ed to a
not her board 460 using 20 conventional fastening techniques in a nanner
descri bed iwithbit€pasTho thaRDfrerit! thtoSh atee dndeylyinkisth@bdad hés e p&wEBedsocket
interface 470 may be nounted to the DG DC converter 450 in a manner al so
previ ousl y Ali@ssdhi B dfdrdolnaed QEMBK NEHAt adcbhpatyinat Beurby dist@ar sdl fustRed erring
now to Figure 4B, there is shown a cross-sectional view of the spatial

rel ati onshigpcafc eHb%dmmgﬂ%hldnﬁfaggre@iﬁte@ﬂqaﬁt%sfébén@ﬁvh%niimo%fn?éaﬁﬂe&i rcuit
device 10 02/ 27867 PCT/ US01/ 30353 package and a DC-DC converter 490 in

accor dance oy tihahs SMROYhFR A Rlllole present invention. The conponent
parts of Figure 4B are identical to the conponent parts of Figure 4A and

thus regpain the same nuneric designations.
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Thus, a structure and process for delivering high current | ow voltage DC
power 5 froma DC- DC converter to an LGA socket and correspondi ng

m cr oel esvoonem6packages w thout passing that current thronghotdesss
under | yi ng not herboard has been described. Although the foregoing
description and acconpanying figures discuss and illustrate specific
enbodi nents, it should be appreciated that the present invention.is to be
nmeasured only in terns of the clains that follow. 10 11 WO 02/ 27867

PCT/ USOL/ 3@32IMSCLAI M5 1. A power delivery system conprising: a power
converter; and a land grid array socket mounted to an array of contacts on
a surface of the power converter corresponding to an array of contacts on

the land gyid aArgx,§£ﬁgggsEgmgcogﬁggggmer delivery systemof Claim1l
wherein the arraf of contfacts on the power converter and the array of

contacts on the land grid array socket are contact pads fabricated from
el ectrical ly comnpewdricorveriers ard al . 3. The power delivery systemof Claim1l
wherein the land grid array socket is electrically coupled to a printed

circui t board apgdnj %ﬁh HH%Zso%%%in{Huﬁ%% Sfafdy fbhadEYh &‘Elflrfagcjg of oGy tO 2

| and grid array pacKage. e power delivery systemo alm1 wherein

the pover cORUALLELEAKE! bin A LARRLLEGEINGH A AN, RARer Supply to a

| ower vol tage an nsm he 1 ower voltage t grid array
socket .

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 1 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 converter;
12



5. The power delivery systemof Claiml| wherein the land grid array socket
is 15 nounted to the power converter and to a printed circuit board using
a singl ewooresspn of assenbly and conpression contact techusbicayyss 6. A
power delivery system conprising: a power converter; 12 WD 02/27867

PCT/ US01/ 30353 a printed circuit board; and a land grid array socket
nount ed to an arprayedofircociobdaadtasd on a surface of the power converter and on
a surface of the printed circuit board using a single direction of

oot on't et Bnd HE hr el e oy MUBHEIN Bl Ir BT SNELREL bR BOREY O

a
contacts on the onver rand on rinted circult

dt t t he | and i ) th
oy of cOIvSREan bj Eaee 1 Eef Qb Peor? e Sibele BRGRUn BPES A 27 1y o

power delivery systemof Claim6 wherein the land grid array socket
includes an integrated circuit device nounted to a land grid array
package. 97. TheThpawerer deiveryerystersyos Claimdt witirein ihegarighi@f epriacthen hepewer
converter converts 10 voltage received froma power supply to a | ower

vol t ages ancbriveraarsanil tog thehgrintaivarcuis bbardgerrespond toean| aaray of cordacty emthedaket . 10.
The power delivery systemof Claim6 wherein the land grid array socket is
mount ed t ogtih&rgyaoeket, cieenray béconzed falwichted fiom akcedtally candindtivb omtadialisi ng
conpressi on contact technology. 15 11. A nethod of mounting a land grid
array socket to a power converter, the nethod conprising:

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 11. 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;

13



providing an array of contacts on a surface of the power converter;
providing an array of contacts on a land grid array socket interface
correspowidng2786D the array of contacts on the power conveCT/@s01/3b353W0

02/ 27867 PCT/ USOL/ 30353 nounting the land grid array socket to the power
converter by vertically conpressing the array of contacts on the land grid
array socket ipbefifdaRe whd frid simyaodkaytootie paventaweser & vemealyur f ace of the
power converter. 12. The nethod of C aim 11 wherein the step of npunting

the land QB%@m@ﬁ&?Meﬁ@&Kﬁ%oh@xs&1mBEmﬂQManmnwmbﬂmémﬁ§¢th&@§“aM°EIectrical
connection tween the land grid array socket and the power converter. 13.

The ”EthOgoﬂ£a§b?hﬁkéémﬁﬁem€baw&hﬁn%ﬁ@d grid array socket includes an
integrate circult device mounted to a land grid array package. 14. The

met hod of Claim 11l wherein the step of nmounting the land grid array socket
to 10 the power conver further.c I emhdakidrpEntdcre tbhe | and
grid arraﬂZSocQ@?“Fgmﬂ°¥gkﬁﬁ#L3MS$FE3?EE%§§?%h@§g@%rtig%hIy gonpressing an

array of contacts on the land grid.array s i Qfket
corresﬁbndh%QUW@ﬁPaﬁ¥@rBWV®ﬁ%mb?W%?%%C@%?gﬁﬁﬁ% dﬁﬁﬁ&b?@?gﬁiéﬁﬁéthdh of

Claim 14 wherein the step of nounting the land grid array socket to the
printed ciandihapaysarNVpirYvi des an el ectrical connection between the | and
grid array 15 socket and the printed circuit board. 16. The nmethod of C aim
1 | wherein the step of nounting the land grid array socket to tHe printed
circuit boprd fisetii@iodcdmuiingesvictein the &pd gfid aoashaockdy inchdes AnBgRIE ar r ay
socket to a retention nechanism the array of contacts on the land grid
array sockgfcueiteMotifed 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.

14



the array of contacts on the printed circuit board through a relief in the
retention 20 nmechanism 14 WO 02/27867 PCT/US01/30353 | T The net hod of
Claiml iwehseBsn the land grid array socket serves as a PE€T/®8t1/30853
mechanismto hold the land grid array socket in proper alignment with the
printed cirguit_ board and in proper alignment with the power converter.
18. The metlﬁ'od Oe pethorhod Flandd erhsraim gheJaberid grvesoekst servenasra stapten age
received 5 froma power supply to a | ower voltage and transmts the | ower
vol t age t 0 MCRRANISHN P l@)rlq the l%{‘fjrgé‘)? agIgy: gesket ipmproper alignment with the printed circuit

board and in proper alignment with the power converter.

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.
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