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POAER CONVERTER TO A L AND GRI D ARRAY SOCKET FI ELD OF THE | N¥ENTHER (e

pr esent inv‘;BtO'?QJ;hGr,el ates generally to power delivery for elgliQnsssss
circuits 5 an nore particularly, to an inproved power connector for |and

grid array,.(LGAi central processing unit (CPU) sockets. BACKGROUND A

standard conputer system typirgfi kXp METEAPS FOX edNNIRET@i¢ cui t devi ces
mounted to a | arge Rrg ?g@ﬂﬁT@ﬁW(ﬂA@Qm QRIF AR e KbRasErusi ng a

socket or simlar type o el ectrical connector. The notherboard is
supplied with voltage froma power supply, wusually at a higher DC | evel

than is requiggd PyriheeiIRvegr@oed circuit device. Currently, a voltage
regulator (i.e., a DC-DC converter) is used in certain high performance

conputer systems AlheNgedhd fvéhtiBhNeldlel deridlidto (J3W8) deifekelor clliRorkieRirEdits
processing unit (CPU) package that connects to the socket consists of an

I ntegrated cij,gul AEMHE G0 GR idlprovéd dviek E8HRe GBI R} 1:50kHE RSy LG A Rakage
substr at e%usi%g'q?%rieééﬁi p bg'l I0 grli '(ij;rr?y ‘ (FC%GA) whi CE, i ng){trn@ is

sol dered to %gccgi%urﬁtf(@@%iséykgﬁposer using ball grid array (BGA)
e pac

t echnol ogy. age substrate connects to the PGA socket using nultiple
contacts in a matri x arrangenent each having a pin type tail. The DC DC
converter connection consists of a nulti-layer flex board and an edge-card
connector t hBACKHRQRVRDt 0 20 one edge of the interposer substrate. The
present configuration requires the CPU package to be inserted into the PGA
socket in the vertA gandagk¢asmpuier gysterp mwczlfhmcgw?s mErgragsd-aEUit Aeicrs Mnteds
then attached in the X-axis sliding direction requiring a conplex retention

to a large printed circuit board known as a motherboard using a socket or stmilar type of

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 packagc substrate using flipchip balt grid array
(FCBGA) which, in tum, is soldered to one side of an intcrposer 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 substratc. The present configuration requires the CPU package

to be inserted into the PGA socket in the vertical axis (i.c., 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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devel oped land grid array (LGA) socket an array of pads, rather bt Hak p@%s,

provide thgfeayssite el ectrical connections between the inpegyaspds&i reuit
device an t(ﬁe printed circuit board. LGA sockets are advant ageous because

they do not require soldering between the socket and the CPU package.
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sol ution (because they do not require the use of |ong pins) thereby
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However, in order to connect t current DC-DC converter to an LGA socket,
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by the DC I'nterposer would a el ght, electrical pat
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t hus negatin ages ‘of using socket . ough mul tiple
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delivering current directly onto the LGA socket assenply..Therefare,, it
woul d be. adveeRkAGEOISTOSTHHAAR Bereau IO PFRIE TRE S Pl Shaied e

i nterconnect that inproves the current carrying capacit% fromthe DC-DC
converter toDEHRC cpmyartenckis interposeiotirdd afd beight, settiisal path lengtls apd PAPEEhnect

required only a single direction ] ) )
10 inductance o the socket/packape/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 grour;d contacts would be necded 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
additiona! technical chailcnges not associated with delivering cu.rrent directly onto the
LGA socket assembly.

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

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

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



(vertical or Z-axis) of assenbly which would save tinme and manu a@wﬂ%%
costs. 2 WD 02/27867 2 /| MAR 2005 PCT/ US01/ 30353 BRI EF DESCRIPTI HE
DRAW NGS T%mﬁ%}]ﬂt invention is illustrated by way of exappt®sogidsnot
limtation, 1n the figures of the acconpanying drawings in which |ike
reference nunerals refer to simlar elenents and which: 5 Figure 1Ais a

top view of @aRiERFFSRWIFAIoR@rTHEORAWINGEr cuit devi ce package and a
DC-DC converter according to one enbodi nent of the present invention.

Figure 1B is a toﬁ,g\é&r@wnﬁhv@aﬂoéﬁss&mla@d bl GAy lohE:2g1p#d, e ik limitatiord @vihe e
package and a DC converter according to one enbodi nent of the present

i nvention. Fi | oM BWHM ReGER&RceSRGlel e 1d Himileont act
details of ah%%?%%%h'!i%m%gﬁ%ﬁgg?ﬁgggilt is beieng m)cl:mt ed to a power socket

interface accgrdi Qpe enbodi nent.  of the present invention. Figure 3
is an expl odglgm\g/?lggvn%?hlaﬂcr oss-section of the contact details of an LGA

socket moynt ed t o3, if Aer DRALL AFCA kb POR REPALIEREL BvidiRcRigeSen!

i nvention? Fi gur@gﬂ Cr 0SS-Secti on VI ew 0 he spatial relationship
an

a
of Lhe componeit 18 BaL L0l AN HESPSRIBEH kA B SULA! Bikabhoul | devi oe

ér-°acteording to one enbodi nent of the present
ro

invention. Figure 4B is a cross-sectional vi f. Ii £l aty hi
of the component FigHF% iBésfaéﬁ? YeX e Peaascﬂ]@&dﬁ‘m/gé?%{%aégﬂdcﬁt#etv{S V%]%:,%E'S P

package and a DCRG,EOMVELL &l cordig o SHeWhtlodinhRPo IRORELABRbcrRbn L e Pr esent

Figurc 2 is an exploded view of a cross section of the contact details of a DC-DC
10 converter as it is being mounted 1o 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 unassemblcd LGA integrated circuit device package and a BC-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
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the foll owi ng description specific details are set forth in orédér e 2ulla

provide a gRy&Lherough understanding of the invention. Howeyeiseivess
i nvention nay ‘Be practiced without these particulars. In other instances;

wel | known el enents have not been 5 shown or described in detail to avoid
unnecessari I%E?Qgﬁgﬁ HesERpPigRsent invention. Accordingly, the
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t echnol ogy. However,, ¢ ressi.on contact - Nag,e on.
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r converter) to a

land grid array (LGA) sockef. 15 It woul d be hel pf ul es§l.on
cont acts (e.ﬁ?‘ioréfﬁgléfi fhcéﬁﬁﬂh@f’f’?/é"‘ﬁ)(gfvﬁ%’s,m &t %fc’)tr %rrdsc§ ?r% gﬁ'l'%%%t 'Zdﬁ%cﬁe

edge-card connector typically used in this application, thus reducing the
| oop i nduct afe®a s EYREAEEE resi stance of the connection. Furthernore,
conpression contacts would sinplify the retention.and nounting, nechanjsm of
the LGA socket byorppsssiati eRylas! #?éh’l‘f’iog‘yo?asclﬁﬁﬁf‘a‘ﬁ‘f‘rﬁ‘gt HEMPLR é‘gjé‘ﬁt@f r}%r om a
vertical rather than a 20 horizontal direction as is reguired usin
convent i onal nedkye-afayatre oiYadetsofosms PhahiprtedBAC8Y MAYd PifEn "B{‘)Bm’d%”%"%ower
connector consisting of a circuit board ) i . .

10 polymer based contacts with electrically conductive 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 It 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 conlact resistance of the connection. Furthermore,
compression contacts would simplify the retention and mounting mechanism of the LGA
socket by providing 2 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 powcr connector consisting of a circuit board
connected 1o 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, Sin th
connector nust carry very high current levels fromthe DC DC %&h\f@&ge’mﬂfo
the LGA sogkffad 4 WO 02/27867 2 4 MAR 2005 PCT/ USO 1/ 30353r/t68 10553
(ground), these connections on the circuit board consists of one or nore

| ayers each of wide and thick netal, such as four ounce or six ounce
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to carr he el ect.ri cal_ curr.ent J i .10
Referri% nowc%% “ﬁihg FSPPRPT™E é:Prﬁetgél%rsB al;s[ﬂﬁvianﬁg\gﬁ{ %%%%Sgr&vgg})@gﬁn%rﬁ%g?nﬁ ELeJd LGA

integrated circuit device package d a - r{er i nce
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110 (i.e., il hi . b |
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ackage 120 conprises a substrate which ma e fahricat f. inat es
guch gs FR- 4‘,‘3"‘%[{?%?”6['&‘%"%’1““% OrfeMeraT 3@@,@% %(ZA(s et ﬁrr%ttggfe f‘”,réaﬁ?wc{;goat ed
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| ayers. The integrated circuit device 110 may be an anal og devi.c

ni cropr obessor, Refepipt inewttp Greuspddi tee igalaveba g view ) agu %SF‘:‘P?}E){LSE?‘

integrated circuit device and may be electrically connected to an ,%rray of
integrated circuit device package and a DC-DC converter 100 in accordance with an

embodiment of the present invention. An integrated circuit device 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 laminatcs such as FR-4, fiberglass or bismalcimide-triazine (BT) material, of
coated aluminum, ceramic, or other suitable matcrials 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 intcgrated 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 LCA socket 130 when properly aligned with the

socket 130.



20 termnals (i.e., typically circular or rectangular pads) (not shown in
this view) on the LGA package 120. The pads on the LGA packagé 42d4R 7{ghH

correspond g o3, R3ttern of a contact array (not shown in tHhicE/vdoeemdss
_ _ sen an
LGA socket 1 8 mﬂ%n properly aligned with the socket 130. 5 VI)OZ?%§867 2

I, MAR 2675 PCTI USO (/30353 The socket itself INis sandw ched between the
LGA package 120 afge tshecet MBEINES D @AM ROES Showem it LOAS pickwge. 1ZPhends Beket
130 conprises a substrate forned of non-conductive material to receive the

LGA package %fo%crg fd ﬁgﬂ%ﬁ&%ﬁinqmswﬂﬁv)sqmléesbckkfs@m eyprzes bhabistraet fodnaf ofa
conductive material and extend transversely through the substrate 5 froma

top surface of the sUbSLEBER d RcavbOELBM $akbACE00MhE BEnisdtDST thabeckeiTIe
contacts function to electrically couple the socket 130 and the LGA

package 120 to Eq%ef‘fqb'r?%gé’dlr%'fi?rﬂ%nd JRLD ﬁ-fat%ﬂ@lr eﬁldQth\‘\@ itrﬁﬁ‘sg%ﬂ@l ySRLE tht 30bstiSte

mount ed. The "¥gcke e nated to the notherboard by a force applied

downwar dl on the socket 1 i,ch e r S uctieV, t
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respective cqntact ds .and th t herb ! i
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course, it should be noted that
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maintain alignment between the pads, a retention mechanism such as a frame clement
(now shown in this view) may be provided around the socket 130. In addition, a spring
clip extending E.tCTOSS 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 refiow 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 po@cr socket interface 140
may be part of the socket 130 or, altcrnatively, may exist as a separate contacl
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 thc power socket interface 140 correspond to an array of

6



An LGA power socket interface 140 conprising an array of cont ?ct E@ s 142,
144, 146, etc., existing on one side of the power socket int rfzfa 1485
function to.senpgel the 20 power socket interface 140 to tperiesiX%esss
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 viewonlfie psRNtsacts4pass «kd2xisdddon thé HC-BXTconverey 1B Thabmzaked from
netal, conductive polyner, or any other suitable material. The contact

pads 142, 144.,.1dGen @l the pd@\ﬂ:r%&ﬁatpgﬂﬁ”f@,oﬁk,ema nsEr64ces6 14a, iseuchebpahe to
an array of 6 02/ 27867 2 4 MAR 2005 PCT/ US01/ 30353 contact pads 152,

154, 156, etﬁ:i’staﬁég gid RGuAInENE (RCiHX e AR At RAindiRQd. Tiepaerad mindnize
arr angenent oFt e power contact pads 142, 144, 146, 152, 154, 156, etc.,

i s such that Hztgnggrgcreea% LGS, PRAndAAKPEARCEe: B oF R fatHcaliseMBREocleBtronic

mnimzed. T terns to mnimze 1nductance are well known to those

skilled ip the art ofnthe f ggri‘%eg%' OfuObe MAEPL R RGES QOAE cOmPREKFTIEStacThe

two devi ces Pr%‘}a%ﬁ%m hec et ed oget’her using conpression contact

technol ogy in the same manner as |sS._Rrevi Chi; j Bb and
apertures 165‘:'5:1'??3%"1'8 P BTG 'S EE?C og%]??i%%{:g‘g cgcéh%ﬁ'gméﬁ%éngﬁggnnéﬁt
apertures 166 and 168 on the. DG.DC ~converter 150 I I

al i gnment  bef $e¥hthe REVHREC! LETRES I10natn§|a ﬁ%{‘@‘eeni%né{% l@q ﬁ{easl%gaf)%{eggﬁ\%?ter
150 (i.e., when the two devices are.conprgession, nmounte |, i: t i ns
(ot Shown | FORVRS VPP Showe: maet Rent BEHe UF Panre e s SRR 148 a8
164, 166, and 168 to help align the devi ces.%. Al t hough. al iogrqtrgggﬁ rﬁn!lé?m are
descri bed i ntheHC-BiCeeasnertcrd i bdi P thedVASFYFSraTs “ P RASE SPRGC AEEhan! sns
are al so possible such as spring clips, and the |like. The .%9,'%9 %)énvegter
150 - conné@t spine (ot ey ingthis i) @rronseERd e g atigngenjagggures 104 169, 166, an

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 fower 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 inte the surrounding air in 2
manner well known in the art. It should be qotcd 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 volzs %Bg%
ground) than is typically required by the integrated circuit .évﬁ' 7960

The DC-DC Gop\ehifeh 150 includes conventional voltage ConVQRﬁh&%lﬁb£>Uits
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 |y .f gt P.Q?JE?(?{D.%F t?ﬁ?ﬁa@ tﬂeng@-lf@@!?r%néé\eiio iﬂapwg siéﬁhrStQ@ Bdidd véoheat

sink 20 conprised o ermal 'y conductive materials (e.g., copper,

al um num titapi Ye 5&§%a%n%rﬁgb%&p LS CiatlAg @b, t he DC-DC converter

150 so that heat gener conVersion circuits can dissipate by

convection directh%g%aéfpﬁgﬁoqﬁé&gqgghgg_§h$9%gaDSPg%gp%gawq&%gﬁﬂ%S kn t he

art. It should be by=confi guri ng conver In the
manner descri.bed by the. present enbodi ~Adenefits e praovided 7, 2 /i
VAR 2005 W0 G3TE78% FReous reiasedt 8 P mantenss L RStk v 3 oc
converter (150 may. be separately tested befor mat | - converter
150 to thé pGWQPX'g\?Ek ttﬁ? Rte&f 'émfﬂo.qhﬁéfaé‘r"?ic?ﬁa%%aﬁt iaﬁl‘a&qﬁsg?i[ﬁ?“ ere
is shown a top view of an _assenbled LGA inteqgrated circuit device %ckage
and a DG- DC S5iP6ra0yeriong 5P At A E AR RO U SLRTRSRCE RSPt FE et
present invention. The array of contacts 152, 154, and 156, etc.,. on the
DC- DC conver f¢rfaes 48 aee compsgssiay Mopnedioesbtrs ALSBT LRIttt she e & Yisdii™on a
power socket interface 140 are conpression npunted together. Alignnent

pi ns (not shwertéch thrpggh eligngent iaP@‘é’t“tSekﬁ‘StWoL@n"hFllchQgﬂg cé’ﬂé‘i"c"{lrlgg ard6 and
168 in the DC-DC converter 150 and alignnment apertures (not shown in this
view) in theapgwent spriiets (noftsbewmindhis 48whingthe power spefet inprigecolfrasystiigigent
bet ween the two devices. A retention nechanism 170 perforns an additional
al i gnmentio f upaipeoaligmtneietwean rise thie dBGDC A opvatidanemedBoisinn | Heparfosms an

el ectrical
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 from. plastic, aluminum, or any other suitable materials. In the present
embodiment, the retention mechanism 170 comprises a frame element rectangular in shape
IS  that may be secured with nuts and bolts to the motherboard (not shown in this view),
aithough 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 be understood, however, that although the
retention mechanism 170 is illustrated in the embodiment illustrated by Figure 1B, it is

aiso possible to use the socket. 130 iiself as a retention mechanism or to use¢ other similar

retention mechanisms known in the art,



contact with the power socket interface 140. The retention neghanisn1170
may be fabricated fromplastic, alum num or any other suita | & WARe200I s.

In the presgpt odi nent, the retention nechanism 170 co i Lrane
el enent rectgﬁaﬁﬁga in shape 15 that may be secured with nﬂﬁghiﬁﬁ”ﬁ%%?s to

t he not herboard (not shown in this view), although other fastening

techni ques wel | k%‘ﬁﬁlriﬁ nt'sl\zggo ?{%ﬁlﬁe%%eﬂ! ?ghaﬁn M5 E10dD vIeW ot S 06K8kciodlof

i ncl udi ng an LGA packa Includes an integrated circuit device

110) ot o0 SR KL o AT T Rt

m croel ectronic abri'cation may rough a
relief (not shown in this vie i the retention hani

Should be.undereush i hsep el s vhenRviren Pl By sty 210 220, 7o
is illustrated,in.the, edhodi.nent il trated by Figqure,|B, it is._als
possible to ﬁ@%2?%@“§BEE@%BtI§EV?FEéﬁfmﬁ§°@pF@%%hF%Bﬁ“ﬁéﬁﬂéﬁ?@’ %%mFﬁguse
other sim_Ular,_ retentiqon _nechani sns known ipn t art . 4 MAR 20, e
02 2v8e7 PO 304730 e rRONYG" ARRFY 8‘%@&%?@27“? r?g(?i’q §°’E’ﬁ'6%9“§n‘5
expl oded view of a cross section of  the contact detailg of 3|ﬂ%é§:
converter mo@AsEd IVHEEbREM 8 denkiat! JiEnt ALl YBEONA SRk JPYERTLE R tHisan
enbodi nent of the present invention. An array of contacts 210, 220, and
230 on the DErPXdip®fyasinglc Duetiograf agseipessi on mounted to an array of
contacts 5 250, 260, and 270 on the power socket interface 280. The DC-DC
converter 240 is Rsfeadnerpvdmnriawed, fhesns shareyan egloded vewtafoncres segiopd
power socket interface 280, thus providing for a single direction_ of
assenbl y. Refherqontagt deailsoafLGdrseckt mohetedtol @“@h@hﬁf@go%wﬂc%éﬂmvw@waﬁf a
cross section of the contact details of an LGA socket nmounted to a

ot her bodfd 3®dodimeatefohd arsent Wwivehtican The socket base 310 includes 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 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 continuc 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 EM! shielding and/or ground for the integrated circuit device [/0 structure. In.
the embodiment illustraied by Figure 3, the copper bar 340 and the mutiipie other copper
bars are relatively wide and thick (i.c., 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., forned to receive corresBodeﬁ% A08%d
pads of an Pagkage (not shown inthis view). The contagls,33g:@y 314,
etc. ornmed of a conductive nmaterial (e.g., conductive pol3 ner,
met aI or ot hers) and extend froma top surface of the socket base 310 to

a bottom surface ©ffe g iRk Bl RAIR, AR BRAR O\ idie sRtistdl Miabf fRUpAdaNg 15
of an integrated circuft device (not shown in this view to a notherboard

320. Coax Skfa‘t’i?ﬁﬁ‘l‘tﬁ}é%f ?’n?ezcon%éé nt320s FFlah- una§sQﬁbeHQ*G§'19t@ htedNiRQR IdeYickmy be

netalizations o socket O and provide a stop for The socket 330 as

it is Corrpreﬁggggga%\teﬂ;a“@bq%éizc%meﬂeygédt Cakordftck S QNeRbbdiRede tﬁ@g.ta%nboard

320 so that and 314, etc., conpress to a predeterm ned

| | b i
mej?/tel pl gt O\chsg n@@épc nhlgerrgl;ga ?c} ca{cuqr%(/%§§ll6ﬁ?%%rc0m§§ Q&b anaLr f‘bgck(a 04,0

shown i n coup to t e socket

E?f2uf’tloﬁ.y%sg%eangrﬁ%{s"vaw&a*s ?anﬁkﬁgﬁﬁégéﬁm%“ﬁus il dGERIH 075

t he copper br 340,.and It| I co re re atlve wi de
and ok (i b embaties sgelfd oyl fhein sEPLOTGP R ALP: %H&“bﬁ%“’w "l so
be used. 2 4 MAR 2005 WO 02/27867 PCTI USO/§9352 I%ferrl n o Fi gure
4A, there i sahsHedusosket f L caresspandgn e 9a%radd 24 Hét <15l Fiat o} 8ﬁ§ﬁ D of

t he conponent parts of an unassenbl ed LGA integ réged CIFCUIt deV|ce
package and ®0bdhocopastyen thersoghsd43hmay BoflEsE i RO RYRRAN RS °B¥" t he
present invention. An integrated circuit device 410 may be connected to an
LGA package wiieble mafeng) and anereappls toethai seaked fase ¢40. | Ahg) 9ASY w@mprisu24,
426, etc., in a manner described in the enbodinment illustrated by Flgure
A An akr aycopfprassint gotsct{ fotecs owlctrinaltshinsls Jicawihe dntegraied (aimuis devier 4 4BO
correspond to the |l and pads 422, 424, 426, etc., on the LGA package
and compressive contacts 432, 434, 436, and 438, ctc., 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, fibergiass, coated aluminum, or any other suitable material, an
IS  output voitage 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 basc 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 asscmbled LGA integrated circuit device

10



420. The contacts on the socket 430 may be fabricated from conductive

pol ymer or other suitable material and are coupled to the soekeiRbayy 440.
The cont actgogohagh se 10 conpressive contacts to receive el geifggpabosssgnal s
fromthe integrated circuit device 410 and conpressive contacts 432, 434,
436, and 438, etc., to receive power froma DC-DC converter 450. The DC- DC
converter 45Q.80Q8PhidEDADEURBVER: @945 avdatdahcaaith he ehibtinkat etithefpresent

| am nat es such as FR-4, fiberglass, coated alum num or any other suitable

material, aninvkRi®ut P cHPbdrRBEpRIsadTErifire @B, ard (¥EAGicMObt1Ag oRbtBRY) pahBoft O
provi de output voltage to the socket 430, and a ground pl ane (GNDg 456 to

conpl ete the pgdukCHA hndP@bidvelath Re BRORIMMR desigletiong) in the art of power
delivery systens. A G\D plane 442 nmay al so %e included in the socket base

440. The LGA integgat ' j LR R A Jen be

ggsenbl ed (not shg\ﬁx'%’ ?%trﬁﬁpgtﬂ\ﬁiep\?géégﬁ %ﬁ@ggl?gggjalmgofggggg %I;%%mﬁgs??ng
conventi o [ ) r :

enbodi men? | PRlst Pa oy DR Er BIVEEOR o T PR BB AP DA RS

b ted to.th -.DC ' ' Ly, -

€ nount e Q 1&8u e%sdag, t}%?raz\t/l?rfr:lftelrhmugggaé Eg@elglryrg\ ::]egﬁh%\l.b%%gpﬁagvﬂcgﬁj%c%nbe

. . Wi d.
described in't ment us ferring nowto
Fi gure 4B, tr}‘g e is.,shown a cross-sectional view of-th atial, .
rel ati onship ‘Fm?qlu]eth(?o et d¢ PRI RARY ae%'fgegl gE’@% cﬁ%fi ‘c'esgf%éc{ é" SEF cui t

devi 10 WO 02/27867 .2 4 MAR 2005 PCT/ USO 1/ 30353 K DC-
'cg\rlli/gr6t er 498PFH H%B?‘EEHEE”%Q[” PB%B&?NB’Eﬁ‘cé’fesf'ﬁggvﬁﬁgtgneﬁ?odbcﬁmaé’ﬁ% on.

The conponent parts of Figure 4B are identical to the conponent parts of
Fi gure 4A anB""é’H‘h?”P%?%fFﬁg'f“H@ tEE’:;‘trt;‘g["t‘i‘hmari c designations. Thus, a structure
and pr OC?OSS for delivering high current | ow voltage DC power

11



5 froma DC-DC converter to an LGA socket and correspondi ng m croel ectronic
packages w thout passing that current through the underlyin@}Wn&ﬂﬁ@megd
has been described. Although the foregoing description and acconpanyi ng
figures discuss and illustrate specific enbodinents, it should be

appreci ated that the present invention is to be neasured only in terns of
the clains that follow 10 Il 2 4 MAR 2005 What is clainmed is: 1. A power
delivery device, conprising: a power delivery converter; and a land g id
array. socket nounted to an array of contacts on a surface of the of the
power converter corresponding to an array of contacts on the land grid

ar r aynsPfk®limed erein the array contacts on the surface of the power
converter and the array of contacts on the land grid array sockets are in

di rect p%zéglg#{e{: s deVickheop@tingt her. 2. The power delivery system of

claim1l array of contacts on the power converter and the array
of contacts . t he l@%gergir{dd array socket are contact pads fabricated from
el ect rPBﬁWF’V? A FEE haterial. 3. The power delivery systemof claiml

wherein the |and grid array socket |s . electiricaliye saHPbEdeto a printed
circui alﬁ‘d@’iﬂla‘é’ﬁdﬁ%ﬁﬁ@z‘ i Fht'e reatcéa'ag&%%t?it ‘device mounted to a | and

grid array package. 4. The power deliver tem o I wherein the
povepowarvoarvérar cosespdading P an Fraygrepiecty %F?%%&nén%%é ?@é@g%%tm a power supply

to a lower voltage and transmit the |ower voltage.to the.land %rid array

SOCKGhereh thd Aftap eomtictsion thesnsfacyaftteapayrer €pRYSHET Wearay ORSOTBER orid array
o k::l tlles‘}and grid array sockets are in direct physical contact with each other.
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

mounted to a land grid array package.

4. The power delivery system of claim 1 wherein the power converter is adapted

1o convert voltage received from a power supply to a lower voltage and transmit the

lower voltage to the land grid array socket.

5. The power delivery system of claim 1 wherein the land grid array socket is
moumted 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,

a printed circuit board; and

12



nounted to the power converter and to a printed circuit board using a
single direction of assenbly and conpression contact technolZonMAg.Z[mﬁ
power delivery system conprising: a power converter; a printed circuit
board; and 12 2 4 MAR 2005 a land grid array socket nmounted to an array of
contacts on a surface of the power converter and on a surface of the
printed circuit board using a single direction of assenbly, wherein the
array of contacts on the surface of the of the power ﬁt%nve&gfr and the
array oglmg(?gﬁ@%%,Q;gkgthﬁodmmmniaﬂatapf%ﬂt@ms CPHIGPPECY physi cal
contact™ W each other. 7. The power delivery sy%'tr:eﬁm gfof,Cl aim6 wherein
the array of contact.s - MRt Geadesingra sigle W|BOprinted circuit
boar Goﬁﬁ@ééﬁ(i%ats‘b&%cﬁ%grt‘ﬁr o Cont act s oir?gt he land grid arrgy socket ,
the array of contacts fahricate ¢ 68dhk yowendnseritereandmat eri al . 8.
The posemblyevheyein fhesareay GB?ta%tng%{e%mvﬁéef&efittﬁn t he ?and grid array socket
i ncludes an integrated circuit device nmoung: Ll Withh eack ay package.
9. Thﬁemmfmmwmﬁh%wgwww%ﬁ(ﬁﬁ%esg:‘g]?%fh&sﬁcealﬁ%g\er converter is
adapted to convert voltage received froma power supply to a | ower voltage
and typgsmts the lower voltage to the land grid array socket. 10. The
power delivery systemof claim6 wherein the land grid ar rn%esocket IS

a

mount ed tq%gggg,@paelﬁgﬂy@meﬁfom&)Whﬂéinﬁhﬁ Artolgontagis© rd using
i7C

conpr essi on ntact technol ogy. 13 o o
power converter and on the printed circuit board correspond to an array of contacis on

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 is adapted

1o convert voltage received from a power supply to a lower voltage and transmits the

jower 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.
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