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D 6 FEB 2096 WD 03/ 028095 PCT/ US02/ 30593 Power Delivery and & Ry 2®§'stems
For Integrated Circuits 5 Reference to Related Applications This

appl i catwoni/elsaesns priority from United States provisionacrpaesises
application, Serial No. 60,325,107, filed Septenber 26, 2001.
Background-of the I.nvention The present invention generally relates to
systens for integrated circuits. Mire particularly, the present
invention relates to a power delivery system a signal transfer system a
package design system a thernmal nanagenent system and an

el ect romagnet i cPowteDtBvernand @ikt Systeins foydntegrated ICivgiitsem f or an

integrated circuit to support advancenents in sem conductor technol ogy.
10 lﬁef%%m ﬁ‘?[ﬁi@w“‘\laﬁ%@@ﬁl“ggy Consuners demand innovative el ectronic
pro tionality, better performance, smaller size,
| ess wel gfis afitichifén ﬂ@ikﬂs%iﬂdﬂt%ﬁonﬂ Uiedd Staist panibidmbpatenttappieation; Seridtet .
Sem conduct or “technol ogy 'is the core building block for the innovative
el eqid. g0i325000ERH Sep@mber 26) 2091.consumers, Over the years, advancements
in sem conductor technology have led to 15 dramatic increases in the
functionality and performance of integrated circuit (1C) devices while
m nimzing the size, weight, defects and cost of the |IC devices.

H stBackground of the Inyemiion of transistors that the electronic industry can
pl ace on sem conduct or _chi oub| es : i.aht.ee nths. This
rapi d develedBrieht IMYHEHOR %?BF&#I?égatF%L‘}Sya%%fgbﬁéfr@y%%?cﬁa’e@ﬁtét% M\dggvati ve

P 0% 21, xRl BlentcRroRARTD  Bov BERUSAHGIA o ADAPEERS Bl { 00K

nea ect m croprocessor "clock rates to run at 1
GHz, B4 | I eiherhfGetabymenached, iddean’elédtonmgactopntetesane cl ock

r at é’apga?gdtéﬁl nsgii&%%l’tigﬁ nont hsh after? reaching 1 GHzgfl Manuf acturers

ant i(EMI3b@idshat contrel sysefefonan integtated oiralit twesuppet sdvtapcerastteindi ng t he rapi d
advancenent of sem conductor technol ogy for another decade by buil ding

t he seméoonilastbetechidlogyon transi stors. These transistors are anticipated to
be around 20 nanoneters 25 (run) in size and should permt the

manuf acturers to build m croprocessors containing a billion -1 0 fi FEB

200 03/ 028095 I%CT %9 30593 transistors which run at- speeds
appmﬁlﬁﬁ—ﬂg—%—%@% " _ ate at less than one volt within the next few
years. Thﬁ&%uﬂﬁ&% ddn@aiisidVative YBLEShi@todhdtk thabMiveahae famutionalitly] egtet he

e

fl ow of ectrons ‘
performance, smaller size, less weight, better reliability, lower cost and faster time-to-market.

Semiconductor technology is the core building block for the innovative electronic products
desired by consumers. Over the years, advancements in semiconductor technology have led to
dramatic increases in the functionality and performance of integrated circuit (IC) devices while
minimizing the size, weight, defects and cost of the IC devices.

Historically, the number of transistors that the electronic industry can place on a
semiconductor chip doubles about every eighteen months. This rapid development cycle permits
fast delivery of the new innovative products to the market. For example, semiconductor
manufacturers took nearly thirty years to perfect microprocessor clock rates to run at 1 GHz, yet
manufacturers recently reached the 2 GHz microprocessor clock rate less than eighteen months
after reaching 1 GHz: Manufacturers anticipate that there are no fundamental barriers to
extendiilg the rapid acfvancement of semiconductor technology for another decade by building
the even faster Siliconltransistors. These transistors are anticipated to be around 20 nanometers

(nm) in size and should permit the manufacturers to build microprocessors containing a billion
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i nside a microprocessor, will turn on and off nore than a tr{g Fipallti nes
per second. Such advancenents in sem conductor technology will result in
ni cr opr SRL¥EBYS hat have faster 5 clock rates, higher pgovieFSO2{383%Er
supply vol tages, higher DC currents, higher transient currents, narrower
VOl f ARtA¥R i1 ruc it @pediis Bsroathid PR OrGiizatnd dpesitd dtdess teamdoriei wyhiewithindbgiency
el ectromagnetic interference em ssions. Ancillarybenefits to these
advane e ytars Thksedrwnirassirgodssbas likeawitshesconirallingdbe oy i slecBRR®ct
densities, reduced circuit board real estate and package vol unme, and

i npimeided micosprotessernwilkormen pad affaners thans frilign tires RESEFMAcat i ons for near
30090 Gesivanarrin i ERiFRHRStor el osR Ay gFt Breraroseve: Ry B s

o1 chlpt caive MahvaRORRL T BVAP b uERe Tiphet B STaE, Mg ATER Rt RRE L @
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I nt ﬁfc;e%&f‘ﬁiefcg%éct Qf¥hSifieD te@eiRtir @fcuittboardwes] delté wed Roskagededlnmey ypnd
concerns supplying power to devices that need it. Traditionally, an ideal
POVBfipoVeRbiodust manufagidrisnand delitbifitconsi der ation is given to power
delivery until the end of the 20 design. Print %d circuit boar% fAPCB)
desi gner Spatifieatinstfor mear Akre TRISTIPARAESSOsHTRARITE & (O AneyAtngltp e G HOR

conventional power and ground anes in.t PCB . and w.t h wi oN y

©© Boasens, B0 Lapiransien e SRS e S5t ooy ERUSiRD AP Y o g
H gh frequency ceram, acitor Q i g prézesat ed
by é’ﬁ]ti‘gﬂﬁﬁge i/%é%%ap?r{g‘i iﬁ%? §eci§lgre§1r$8%oé} %’g,egt)‘i‘/ E'ig %iglrc Ht%gvfﬁ%&ﬁ?g% £ ?equency
N0 o8 ctoBr O osi bRV MibibpRERGHK thaRAGat0fefistica ol requitcarna and

capJUFst ubsequentty recharged the high frequency ceranic

Cap it Onferopfdbéstb havingeved moksiddmandirsg cHapacterit tseamdi requieenadnds witboed of
each type of" capacitance that is required for various I1Cs. To electrically
rmodelewt shippot 6ysemsiesutly ar povey stebwery cogeil transfer, orckaging) thaentliRanageiEttance
and resistance of cables, connectors, PCB, pins, contacts and conponents,
sucland slactomegustis inteaterensmFVIgmaissige coly ecei vi ng devi ce(s) and power
source(s). In the past, voltage drops due to 30 inductance (V = L di/dt)
and resistance (V = IR) have been nearly negligible relative to the -2 D6

FEB 2006, WO /% 95 PCT/ US02/ 30593 tol erance of devices in nbst systens.
Si miar-%f’—%[&i%l—eﬁ,w ' ules of thunmb determ ne the nethod for decoupling the
hi gh f r egpeRGYael9bStonERtd suppRen@pswer tofdesiess thatbad itoT raditimally ogyidrrls
reduced power supply voltage to support the requirenments, of dee

Sub-g@veer @lipsie i3 swsanted tod littleconsiiegties issgiven i@ Howsk eslvery until the end B the
design. Printed circuit board (PCB) designers attempt to create the ideal power delivery supply

with conventional power and ground planes in the PCB and with wide, heavy traces on the PCB
to distribute the power among the devices on the PCB. High frequency ceramic capacitors
control high frequency noise, created by switching the transistors on and off, by shorting the high
frequency noise to ground. Lower frequency bulk capacitors (such as tantalum capacitors)
subsequently recharged the high frequency .ceramic capacitors. Various rules of thumb exist for
determining the amount of each type of capacitance that is required for various ICs.
To electrically model this power delivery system, considerations include the inductance
and resistance of cables, connectors, PCB, pins, contacts and components, such as resistors and

capacitors, of the receiving device(s) and power source(s). In the past, voltage drops due to

30 inductance (V = L di/dt) and resistance (V = IR) have been nearly negligible relative to the

.



5 reliability. Lower power supply voltages should | ower the pbhFs 2006
consunption. However, even at |ower power supply voltages t he power

consunptywgs@bgedk Cr oprocessors i s increasing because %’9502/30593
transi stors, increased density of transistors on the d| e, I nner

|nsulators t hat I ncrease a rati.n fre | es.
PowetoleE s @hPEYISEs llnﬁn?ﬁté}’%‘ﬁmg é@gﬁﬂ 51’@8% pﬁﬁ%ge}%"énolf& q]ir ee
time ears while mcroprocessor power supply 10 voI tages
appr‘i%f @/gcfhwgl 38%@'& tlon (P) is related to the operating

frequency. t ance
(O of the °ﬁ£%%ﬂ%%?8%§§§%@°§“ﬁ“#@f t?@#%ggh%d“@%&\?% @Jﬂ’ﬁ‘ﬁ‘g g‘?rpl e, a
m cr 9pnog M&Eht@ofﬁ&lp(‘sﬁb-nﬁeﬂoﬂ SERARBBHEANCR IR0l HAQb BRAdse @ power
suppﬁ@ voI tag of 1.65 vo and an operating frequency of 1 GHz, wll

5constehifiy. iadvwér posfer papiRty voRageR fhouldliobler thelpotter xorisu@@@ion. Bywanat e
. exanple, a mcroprocessor wwth a typical 15 chip capacitance of 40
nanoftdoaeispower popy veitpgrsythapdweagensuinptionaif mlcmwcamowe metaanigebeeapgency
of 3 GHz, will consune 120 watts (0.040 x 1.0 x 1.0 x 3, 000)., Power
con sM@nedmnelpyormmaﬁ@Qd densifyed tfﬁﬂégl?ttﬁé Oﬁdh%ﬁiles@bfﬂ'}ey Mﬁélaﬁ%ﬁ@a*( NIPreastd t he
current é r1e formyl a g This for a_shows that hi gh power
constARREIIAHAE @P}”’ég eFBRFr B fr q‘?ﬂb‘ﬁ? yP QPOTCRPEEIR IPé]EfBFOPEOé’eStSﬂ%ﬁ hi gh
current.s e i nui ng
wi t h® qnﬁl‘@ %Sv\%q(ﬁ l{)aag%‘ ﬁmteﬁ ﬁjcro %%%g@%%ﬁ% sﬁ?n&%pqg@&mgﬁ] g
pove (Smﬁc I aied do BR opetatifie Hi@Gitnk ath§UI0|0| y
mcurrg%l?a%g? @38%%815@(‘@ 11 eé: gﬁﬁt(fk'l)ggr?ﬁlcroproceo?g(?r %ong‘&‘% %gﬂa 120

wat t ?Oﬁér SREYIS Fvolage ga)\/ hfhdthz cﬁﬁa\/@f)mﬁﬂdﬁ@ () \wd iicapirafrodesfor bydhd formatpuPr es a

supply current of 1 anps (120/1), representing an increase of about 3.6
ti mes Cfo¥eBst tiee SGmmip ammiCraResswms soth.a WBlCﬁltcktlm ezpacijasice 86 &0 aanefarads, ént

| evels, it is more difficult for a centr power s del i hi gh
cur i eragpoIven PELES il mmrg#aflt SAUEBTHH0E ]e&ﬁyéti?ﬂns@esé’é
i 5P ;E‘ﬂ‘}%réwﬁaﬁsé?&rﬁ& Eﬁo“”?if%ﬁ@%?%ﬁ SRR STt

syst uzggw%r 1 Vol hfdhn 8perdti khage
15and ?@ﬁ/eﬁ ac{tg&tt en cohvert tsg ow VO t%eﬁﬁﬁd hi gﬁﬁeéurtggﬁ%@as@g

needggh W%mb&mm@msmomoomgmnegaj ators or modul ar DC/ DC
converters, which provide the needed |ow vol tag}a hi gh current power,

are | ocat Bowescarisumptian (Bds eksk kadatethtot the pawethaph go(Viand the FERT 006 WO

03/ 028095 PCT/ US02/ 30593 the m cropr oc]gésor to mnim, zeg\;)éfl nEedances
and bh&lerfégmﬂﬂl(ﬁg Vbt (Thisfogmplgshovysthat high ppAt eansumpiion, o B¥%¥but i on

ot LQF%&?T% seagnees g e Ty B R e 1 Bt fro e, o
poPart Qf il Ie, Wlﬁ tfliz B bR O]P@§ dboTb She micrs ﬂobéss&%(ﬁs%ir@@ﬂvﬁﬁ@@@@@ﬂeﬁ fnd

mnimze the resulting vol tage drops. Typically, the voltage
having a power supply voltage of 1.65 volts requires a supply current of 33 amps (55/1.65), and

the microprocessor consuming a 120 watts of power and having a power supply voltage of 1.0
volts requires a supply current of 120 amps (120/1), representing an increase of about 3.6 times
over the 33 amp microprocessor.

25 At these voltage and current levels, it is more difficult for a central power supply to
deliver high current and low voltage power throughout a computer system because of impedance
levels that cause unacceptable voltage drops along the power distribution paths. Computer
systerns presently use distributed power systems to route power throughout the computer system
at high voltage and low current and then convert to low voltage and high current as needed by

30 the microprocessor. Voltage regulators or modular DC/DC converters, which provide the

needed low voltage, high current power, are located as close as possible on the motherboard to
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vari ance at the voltage regulator is less than (e.g., about olé-ft8l Hji of
the voltage variance at the mcroprocessor. Traditionally, connectors
with a W@R/H8M¥count and heavy copper power/ground pl anRGI7HEER/HSEBd to
m ni m ze the inpedance. However, these solutions also consune extra

pri %@&g}&b{:@%éspp%ﬂﬁﬁm%e anpedabchs GRS the rbSultifg 90RagdeQEps. AiHEI6ESn 0N
appr oach, e mcroprocessor and the voltage regqul ator each form nodul es
and thepowstRasridation pRang the nedek 8badtiskes epnatiabieaspacanhdidonld lee ded for

not herboard. The m croprocessor nay be nounted to an interposer board,
and dthe comipbaedtear d has one socket that receives the voltage regul ator
and anot her socket that receives the interposer board, The

ni cr opr odéemovithdistiiitedipeweralgliverny systems, qysoupast of the disiihutign gatbggyst

exchange for efficient 15 nanufacturing and service. OJ] rent f{a;éws from

5 t he siiinazge lowdumpsdasice tQMINGE B F5H E@s@ét@g%g@m- EYB‘&? ﬁ?eoYﬂl 8 vol tage
oo aRR At e Vol EREs CEEUBRY et S i PiBR A piod B WIBRR P EheR AP, | BN
| on ath of cur . i j: i ch
o o rfPorfandih eibiondih SohblEHES 3 AR ALY LRk SO PRTolM ©F
po"‘ﬁfletm%)é%} t ARB LARRRIZP RAESR e HIRIREY, BRaE Solafishd & dinsirmpEQeLssor
socket. In

I's approach, the interposer board carries the m croprocessor
di e gifed dfcwiibdad@epaceagdaad osst. Current flows fromthe vol tage regul ator
to the mcroprocessor over a path starting fromthe voltage regul ator,
10t hr ough tIneoneqiowey elistelopticnt approsols, ket micrnprocerser gskiae vplbagegegulafer each

m croprocessor package, and ending with the die. Singe thjis appr acra
by pafose snadwesrandirehmansopsspordingiackets orqopaest e@@h’&l@ﬁ?‘ﬁ i ihe ithergpard.
t fl i horter. Theref t hi i '
and TiomcaSHPERE oY B5 G 87 HLAEOr S aERL BrY NeRpEHeEd Hh Bug FREEETTT
. . I hy
2B B8R e vhaydlsE it ind WiodRlsbBRR i GlcRleBind Mo bourd, The.

r eduni RShrbB& shi RO aGe At61Sdé todglar Yo fhagad dasrexciiaye ferefficient
sem conduct or technol gy has not advanced far enough to provide this 30

151 evemagifagturinghad savizd. Susteatilows BomERe 20i0E W W00 RBDS B1LFICIYOUSER! 80893
M croprocessor response tine or transient current reﬁ ui.r ement Isgcielt%a,

i . e. 3 pathdromathe wltagpmeaitpton threwghrisocke s anetherigud. the IYRPOSRE

-rel at ed .V i ti .0of, th 1
oy S8 g g bR L AL Ry S T T R TR RS
§ g o : povier n
oo B el e findl acl Wl Bths SRS ofd df UediBb R BAMRECONS CT VAl T On

t echpi: H@% SHadsidgy. fast, unpredictable and | arge magnitude changes in
supp%&c rFEesﬁt u%sﬁdr%ately requiring hundreds of anps within a few

20Nanosecongds. alibhertive polwet Sgstan approdchiypgssesi tieanctberbbyrdtand the micopprocesseor
fromthe voltage regulator can cause unacceptable vol {age spi kes on the
powesocitel. i Inahig apptoaalyche interpdsen joarg camies the microprocessor die and the voltage
regulator. Current flows from the voltage regulator to the microprocessor over a path starting
from the voltage regulator, through the voltage regulator socket, the interposer board, the
microprocessor package, and ending with the die. Since this approach bypasses the motherboard
25 and the interposer socket, the path of current flow is shorter. Therefore, this approach improves
the impedance and the resulting voltage drop of the relatively shorter path.
Someday it may be possible to integrate the voltage regulator into the microprocessor
package, making the path of current flow very short, reducing the impedance and resuiting
voltage drop. However, semiconductor technology has not advanced far enough to provide this

30 level of an integrated system.
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formula (dV = IR+Ldi/dt). 10 Attenpts have been nade to nanqﬁi ﬁﬁ@ﬁﬁ
currents by placing decoupling capacitors throughout the po f very
syst em swehy3agse@s the vol tage regul ati on nodul e, the ”Dtﬂ@ﬁggﬁhﬁﬂuthe

i nterposer PCB, the die package, and on the die itself. Decoupling
capacitors.  are typically located qon the circuit board outside the

mi cr opr o AMATBProgasREEEPOtSy HMeAr tgnsient cyrrentreauizament (Hidds ke gthiedatsiat ng

j d he i k ircuit 15
boar Hlich e fFEnh AP ARLTanEeS ARG PONP CORED OTTER o] Y ECOBRARE connect
o 3 PpT o .

< UEPRHRLL AR SRRIERIRLS o PO UADIP SR BEpLUE gty T,
for ngg, Abtnafl bk&ausd DESEH BRER Yeld RerctRPARI JoWef cAlservalbN B Y igh Used

3 ¥
to ens&%énghat tﬂ% %gmer supply system can provide the m croprocessor

W t NteghnSifed Ssuet k @Rick \Waeig freliildepesbdeEhThekrasthiniqued resalp &ciabn Lfpredidtabtnnect
power sources to the power | eads of the m croprocessor. The anpunt of
dec candllangg nesgnétadé enngenmepply depentddtimatelshrequiowme hundreds ofemgpstwitifinahe

m croprocessor. The mcroprocessor is able to drawits required surge

cur rfewtnaheserondse Prwssultingewtent srghdermandsd By theymicrepraessserfiom thevdiegee,

t he decoupling capacitors, stabilize the power delivery systemb toring
poweieEYIagRFan chusn anscepabledelistssplies 0B flibhows deliumy FRLaE LRIt dh

needs of, the - I crpoprocessor. However, use of discrete, broad-nounted
decd%BFwﬁéggégggﬁai% ‘not only increase the cost of the power delivery
system bﬂ&exﬂ{)%glagﬁ B@%a@@t@'rﬁdﬁ?@ﬁmﬁé Edrafls by'platifg QEcduBBng Eagabités boar d,
or el sewhere. t he power requi Fenent of m croprocessor increases, the
needhiRighf@tBe foweHEIvRLy syeRRAkch a9 6L tenaliags egulatibn alodilk, ther n requi res

| arger value or size decoupling capacitors and nore 30 space to

ac c omothelgbioerd, tenintdopdser PUBatheldig packagpe and/an the die itsslz Dateupling dapgcitors

capacitors consume nore area on the circuit board. -5 0 6 FEB 206 5 10
15 2@e ppically lopteden feoimubbrrdonsidegho BuNEPIREsseRACkfen EPLFLEISIEf t he

A A £ _
o SRR ER S ie AP TRb AR PR Bleek B ARG e ettt or
?'xf :%H?ﬁhiﬁﬁagﬁf&%,' QAdGARRGAE on thE C{ERABBSard GRcE! thE dbQublifiy Eyabibd

onger the conductive
to power and ground pins on the microprocessor. In another approach, a discrete decoupling

capacitor is formed as part of the IC,

These decoupling capacitors are commonly used to ensure that the power supply system
can provide the microprocessor with a surge current when required. The decoupling capacitors
connect power sources to the power leads of the microprocessor. The amount of decoupling
capaciiance needed depends on the power requirement of the microprocessor. The
microprocessor is able to draw its required surge current from the power stored in the decoupling
capacitors, and hence, the decoupling capacitors stabilize the power delivery system by storing
power local to the microprocessor in order to meet the surge current needs of the
microprocessot. However, use of discrete, broad-mounted decoupling capacitors not only
increase the cost of the power delivery system, but also consume additional area on the IC or the
circuit board, or elsewhere.

As the power requirement of microprocessor increases, the need for more decoupling
capacitance increases, which in turn requires larger value or size decoupling capacitors and more
space to accommodate them. Unfortunately, larger value or size decoupling capacitors consume

more area on the circuit board.



path interconnecting the decoupling capacitor and the sem conflggtprimi e
I nside the mcroprocessor, the higher the inductance. The hi gher the
frequendYO8B/0280%Y ati on of the microprocessor, the hi gher PECRESHEHISST ance
of the system due to the inductance, and higher resistance causes a

hi gher vold g Switt il spBdls o fclransistdrindfeabdsaith fndeirki6 AhBulYT rRARMY | N
capacitors as close~”to the sem conductor die as possible, such as by

put Tdhé‘E) FoldBctdRs0 Uk ated WA BRiThRfconfi&dtida betieedti the iionrueRE daakage, as
descri bed above, in order to mnimze the conductive path to mninze

t he dbdbiplihaResacitbt|lindtesses aapading ay the dxiniia (X| #a0fit)aThe langdr thesosdwntive
characteristics as well as capacitance characteristics and can be

el eptthiin@rdonnactite thd dasouplivg cipesitil @dahe sermicondyctaridimimsidetlieequenci es,
such as above 100 IMHz, the inductance characteristic limts ét?le

5 ef f guctopenvsssor,ghe highev thetindustance The bigheidibe diranensy of aperaionekthe| t | arge

surge currents are. required by the mcroprocessor,. this residual
i ndfRiERRECesseR the higher, ﬁ%‘fé&%ﬁ@%@&"g t%wéea?e Y '&9&@6 Hidyctagee, g i@.lngf
Hi storically, power, has,been br h : r i Idkathe |1 C
soc Keistanks ‘%Fﬁ?g %3&‘:\? voliags &8%%%6%?3’ tnfslh%milr%é% g’a@g“?pfﬂt% c!/%n ?*mlrngqui re
addic} 1 | Rsset le, sAGs bY@ERingdsd ddediingdi NS
incrce%agg a[éz'cg(?sfetgo e | %géﬂggaés%gﬁ%sfhserefgrg%t all?g up &a?glabqoe space
on hecbf fldide the afitkopldtessonfackass ab Hedchibedhboveyithrder tahtinininetieases t he
anount of force required for inserting the ICinto and renoving it from
10 i t s condictitve phtht toanitiittzgithe indactenceThe power pins are run through the same
surface of the IC, typically the bottomsurface, and w th high densities,
the powdfurtier capepiters pihikit inducipereandireyistanceharagierahtsias ot to prevent

© harapnste chariser TRLcin B sonricay e RO R eif e B,
t i ent . t t i ; b iy ) _
i e nopnatsiet S ApbvEafo WD ETRME RAEC it titdeovaeons 2

r el i ghidrtiotial dbtretd R8hpIHpARSAHOrsSI 1 Nake durbeQlrkdnys 16 rayuired by ehe fiel d of
st ugy I nvolving digital and anal og design, circuit, and transm ssion

15 | i nenichpRédesdsrdthinmesiduabingieapseanoasa ochaaspablessltagd dropgansuhg roignce,
and power supply noise. Although si glnal I nt egr ity has al ways been

i mpor t antHistontcalle, prveer has beendwpughti i thedpebrpugh pinsdr Sirlbcwekdr AStBfisi stors
was so slow that digital, signals . gctually resenbled -6 0 6.FEB 20 WO
03/ MMSW&@G?%@@CWWWM §%‘§{Her%8+t’é’§'@$%§’ ggRmodals I%1“:’0]3\? bt ses,

representing.zeros.. El ectrigal.. ' | [ en
ot o dne ARy RonAr et ket R B iR, SiRhe RIOBRETD ARSI D
and gy %ﬁg%?goéﬂa? The TrBasc RRAR I nBhBEB Alsd iffredehitghnfneest Masirgquiralich
as wWres, oards, connectors, and m croprocessor packages, can

20 Si 9Nfof ingaRingyhe i€ aab ahlieeeving itifrme itasstkeodt thg eiréuit boaed. Ble poveergiigmate.
Further, these passive el enments can cause glitches, resets, |logic errors,
and run through the same surface of the IC, typically the bottom surface, and with high densities, the

power and signal pins should be isolated from each other to prevent crosstalk and noise.
Hence, there is a need for a power delivery system that delivers low voltage, narrow
voltage margin, high current, and high transient current to a high performance integrated circuit,

25 such as a microprocessor, that minimizes cost and space while improving reliability.

II1.__Signal Transfer
Signal integrity is a complex field of study involving digital and analog design, circuit,

and transmission line theory and involves phenomenon such as cross talk, ground bounce, and
30 power supply noise. Although signal integrity has always been important, in the past the

switching speed of microprocessor transistors was so slow that digital signals actually resembled

-6-



other problenms. Typically, a mcroprocessor nakes contact with)gheg 2006
not her board using galvanic (i.e., netal-to-nmetal) connections such as a

| and gr iy 35/6&%os( LGA), ball grid array (B&GY), pin grid ?’S&ﬁ%@o&?@e‘g and
sol der, to transfer signals between the m croprocessor and the ™

not herboard. As 10_.the sw tchi ng, speeds of. the transi.stors,i.ncreases, an
Un g BIFeS, ESPERFRRLS ORBeTd oW PUIEhARTEseNting a%rp%lrﬁ@? JBRIINE 9T EORT ¢ he

gEQ%‘fffl%igéﬁ?ri){%ﬁaééﬁ?ﬁﬁﬁtﬁt{e%%ﬁﬁ%%&%ﬁeﬁxfﬁ?%ﬁﬁﬁ%ﬁértoﬁ%%%%sﬁf ssRo o :e
BRrbEes oF i the > REPEASESREY _
ot Atieypn e inble, KRS CHREN B BB Ecd e e P B o

the ghaghs ré‘fbﬁﬁ-nﬂ%nmra&%rfpmag@) Sin GEnigRaN R it the valve thdeing WBRAGE eSS or

causes a higher resistance dué to the inductance on the signal path, and
5 t hi Seve st Bleanafl CRuSIRS, theddipghive sloinbme eanlcampe plitchdseresétgriapiclemass, and

. Therefore, it is desirable to mnimze the inductance of the signal path

as wtierbeederancy of operation of the m croprocessor increases. O her

di sadvant ages of signaling via conductive contacts are disclosed in U S

Patent Sypiellgasmicroptpsessprmakes conpotrvith thednethprbasrd vging eabiapici(lexi st s

o FapeaseaD cantengs SRgias ey CPAn ST B Bl it e 1 &
r”,fgﬁ%gfa? (08 23484 SN tRERT Sl Bt 1R nORGIAL Iod HERUGNGY R mbiirooard. As

IMACr ease whout degradi ng0 he integrity of the signal.

10 SUC L Aswi gl WL Of thEBAhSTEER ihdt8adRe AR aBlcamnthbuit f @hidanéddieasst of
i nt erconnectTon technol ogy used in high- speed digital signal designs. 25

| V. ihdicefica) Btodtated with tRacddgetiieihtersonActndeswéen thesendonmiuctoodie

t echnol ogy provide m croprocessors that have higher _perforpmance and are

smallbeted mswie 2lee midrpprocessoraad the mpthsthoard, fircrepsed agaording;th dheosmblar(esssor

package. Factors related . to nicroprocessor package desjgn |ncl ude:

cur r@%@-ﬁ@#ﬁl{c}@ﬁ@é@? C%ﬁ&“%‘@rpaglt’é’é?{é?’}nef‘q’l%g Wﬁﬁff@’rcog‘fucbqrdgﬂ%’cﬁ’ th‘i“\d power pins,

the nunber of signal gontact n I agt .ea, the

con trgllg{opﬁ?qegwr%? ﬂ%e IHB&PB’S’ o %glf ﬁ][e%[l%f o I(t:l%é %a%(‘t?%{%'n lfiﬁeg Iﬁggo?\lﬁgc% ? é ﬁ%lgﬁlggq uar e

ar €gyr the/mik D602 309 REBub/RO e 3RRRAnthén fheriga! pdtRr#@ al ong
15 2 S i miofrobosith Caykks dhi Renn A R e bana dth B

SsemniiRiR Rekifntie dAuses3i lgher abliagetdrep of teisipmal levelc Thastong it fselesitabieto and

power of transistors in the mcroprocessor tygépcal |y increases current
per minimizethaimdusiendee! thesigrs! pathsasi the frequsagy ehepermiivbef thermigFnipeEsadTd

power pins. 5 Increasing the performance of the m croprocess 1| need
o inepasese OPherCHRad RS ObHERAIIAYIA COSNPAYS SOLARE A ESUBRTIB M e BFRld] o

Si z asin ot power. . . f 1 or
o 5 HLFAE T BB, 199, POl P TR S e O AR
20! nC I $pRrdtihg frequency of the microprocessor and the signal integrity of the system.
Hence, there is a need for a system that permits the operating frequency of the
microprocessor to increase without degrading the integrity of the signal. Such a system would

maximize the performance and minimize the cost of interconnection technology used in high-

speed digital signal designs.

25 IV. Integrated Circuit Package Design

Advances in semiconductor technology provide microprocessors that have higher
performance and are smaller in size, which directly affects the design of the microprocessor
package. Factors related to microprocessor package design include: current per contact and per
socket, the number of ground and power pins, the number of signal contacts and signal contacts

30 per square area, the contact pitch, the number of total contacts and total contacts per square area,
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the nunber of total contacts while decreasing the contact pitchngvig 2006
I ncrease the contact force required along the Z-axis which may r(g ire
an i ncr 83e34280¢he mated contact height. Increasing 10 theCT/useuoesey of
operation of the mcroprocessor will decrease the signal bandw dth.

HeN e cobtact RCHLBD the PARISHRAhiLd n R SLTAE A Wk BURAIHE, B St anDng
t hese Tactors 1n order to produce a m croprocessor having an optim zed

packapRof@ihél tie Yize [NRY othér tipagenent Advances in el ectroni ¢ packagi ng
desi gn provi de devices with higher performance and 15 snaller size,

whi ch | eggbréRingtieensttr aebpovgend mahsistorsindhé ratropiensssorytypichlly ncrgasesur n
may cause thermal managenent to be given higher priority in package
des cgertt perreomactiandsetlichbs wiekl ys ticreases the sumber offgypund andaysmiss g%or s,

hi gher perfornmance, increased |evel of |nt egr ation, an(ii16 gﬁ%i rritzati n of
di elwreasingtbe performarnse ¢ e misrenipFesent iHawed 4a Hcrgase Imibe Spmarholy of

the 20 m croprocessor, die.. Heat generatjo nd heat dep{sit co glignue to

i ncrenfaes and themsPucemiigior dis nge,{ﬁgrs?ﬁa%tigtﬂ tﬁ*‘eB%‘?ﬁ‘c‘ﬂ"‘E}SyF ?Wéﬁ?af’? ility of
. o oL . !

o " THEORT e h Sl SReroauR o ot Sl SRE A Bbortibe iEconbiRE b, NcheAdg " At r €

trags Mer%ﬂ’&t?@c v Rilé HOELAs IR thd BEXtHR! pitdR RAN &iRétse e dofifact force

m croprocessor related to thermal .managenment of the 25 voltage

I e0dqatiell aldagithe Zh&xieWhichi Bac¥qeie il tnovest Bothe neged cintict heightt Hecrpasing
consuned by tThe processor nust be considered together. For exanple, a
vol tiagequegey of operatier of the ictop®Besser withtecredseitles ugrey bandwidih. dlengei Wes a
m croprocessor consum ng 120 watts of power, dissjpates a&out 18 watts
of shuwd be Thilersipoddhatrengineerangtradenila weist apopy theee PECTGOrIL {2 PEMYFE Ang
m croprocessor . to cool the devices,in order to maintain their

r el IHBIOPFQSpssoT hayideAn@Ptignzed 3FkAs JeRigDt r adeof f exi sts 30 bet ween

| ocating the voltage regulator near the m croprocessor to mnimze
i npedance and the -8 06 FEB 2006 WD 03/028095 PCT/ U502/ 30593 resulting

vol tﬁgeﬂ@pﬂalﬁfﬁ@ﬁ{eh@ed above, and locating the voltage regul ator far
fro rocessor to mnimze the heat generation and heat
density. Aleneess inédtronic packastok desigrapohslendelicenwith dighet pgbirmenonandat
permts a high power mcroprocessor to be |ocated near voltage regul ator
t o mimiler sizef Whichripstterioereased heatsaeneratign and heat dgmsity dwBIsh ik pra H@Wfqﬂg#e ntly
di ssi pating heat generation.and heat .density ta ximze reliabilihty.

V1 Sl Fpmagsaeriao bh Ebicn SHONE B GRy ib Sacke draer Fumagice FasplBEb il .
(EM) emssion include the transistors within a mcroprocessor and

si gif&"°fat hs on circuit boards and cables. The nicroprocessor is one of

the For microprocessors, higher performance, increased level of integration, and
optimization of die size has led to higher non-uniform heat density in certain areas of the
microprocessor die. Heat generation and heat density continue to increase with more advanced
semiconductor technology. The reliability of a microprocessor is exponentially dependent on the
operating temperature of the die junction, which depends on the power consumed by the
transistor having the die junction.

Thermal management of the microprocessor is related to thermal management of the
voltage regulator. Both the efficiency of the voltage regulator and the power consumed by the
processor must be considered together. For example, a voltage regulator operating at 85 percent
efficiency and which drives a microprocessor consuming 120 watts of power, dissipates about 18
watts of power. This power must be drawn away from the voltage regulator and microprocessor
to cool the devices in order to maintain their reliability. Therefore, an engineering tradeoff exists

between locating the voltage regulator near the microprocessor to minimize impedance and the
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10 |l argest sources of EM in conputer systenms. M croprocessor cloi[ﬁ]
signal s have increased in frequency to 1 Gz and beyond toda@/ BGHz

t hese ¢ j | s can generate harnmonic frequency sig each 5
Ghz, hﬂg ﬁisg%‘%at hese signals generate EM waves with &gﬁ%ﬂg‘i‘ﬁ t hat
are |nversely propartional to the frequency of the sj naI ., the

hi ghesultingsvolfage duem 8y descrbedagvecandd ﬁ@tmaxﬁ%ﬂ ‘éﬂf@gmegu p‘ﬁ(f% |ﬂllfy a
conduycti ve shield.or co&gr is used to contr,ol The shleld i s grounded

to ?P@ﬁf‘lféss&réﬁ’ %WBHF‘? %Ptg?lnzr&?lo‘i I Wd?lﬁnbr event it frominterfering
mnagereatenEt SRS & A for 3RS IE et %@ﬁtﬁ’n'*ﬁa‘é’%%ﬁ% t flgh ooy

Ho

Shy\ﬁ?ﬂgfdprec%%s%? th;'B!a afegﬁ:eel ﬁtﬁ%f}e%uﬁ%r% nifiMizd Pe SRpARGCL B{d%'ﬂhtlﬁ@e

hus e must be sized so that the EM does not
€S C3BRagdstbp HHife aﬁ/clbﬁtw@ksmﬁiﬁgrmi gdretAidn bhd BeRldehdtg t6l eaixiigize H gh
frequency ngna |'s requite snall'er holes in the shield for EM
contraidﬂ.mpt but the smaller holes restrict the airflow avail able for
cooling. Hence, an engineering tradeoff exists in sizing the holes in
the shield to for cooling and EM contai nnent purposes. The shield may
be | ocated at the m croprocessor or chassis |evel, or both. The 25
m céﬂpmﬂ@ﬁ&&%ﬂ@&ﬁ&l@mm gh frequency har noni ¢ signal s that cause

of oot | vETTEBA 2T ORESEP AU S Uiy D cAus o SR PAESEPts e
L
CIO(r:?H: {o&%&%&%ﬁ qgg'ﬂ npiﬁ{ e\r/tﬁf;{]/%[ug%%a@%an& c%d MifelrhiRfdpRche¥dol I el tfTthe

It also restricts the airflow
nee(l'ﬁgeét%oﬁ&lcé%iﬁspﬁ i Bompter SRfeARe iRfopriador chck sizastt hued increhded inhassi s
of the conmputer system nay be used as the shield which 30 inproves the
ai r fitequerdycu nd}fﬂzenmbeymmnomssebtrl Gz, thesendlock signlalst eanigenegatedammonich ot her
circuits -9 WO 03/028095 E FEB 2006 PCT/ US02/30593 in the system A
chadeiqueneysignadpthat feaeh &ip@ anddotinaf thesroignals genemts Bihgeres with " Em

bl ocka ut, reduces airfl ow. oun a heat sin t near

¢ he STAvEIeais duas a6% i Esa GrTRSTORE 14 ety Dente S vete BRRAEE T he
th the heat k the heat 5 k

m c?eﬁhggc%;&%rshgg@fmgw%ﬁgma e heat si nk may cause e hea sin

n-antenna a te the EM. It is difficult to ground the

heat Si NkrydidA9h chActve SI9610 @F @664 s Bakagentrod BTl Th @highi igppsundied ¢ t he
heat sink may reduce ENE, this solution alone may not be sufficient to

pas préeide b eeipaGag paihsfer the BMbtogrevitit tiroom miterfning vdihragherepyrebis. Hexessary
to block the EM. Therefore, there is a need for _an EM contai nment
systshield haually containstholesipr thewmal magagementde ﬁ@eﬁeﬁréﬁ‘éﬂtg coplithotgvice

conprom si ng the thernal ment , of 0 t tem
sy stBSREraag 0 {FSREFL: @qa]g(gf’i/m thy 8“9{'1;1 0 3%338?(% eor élﬁleld’
ther rTﬁlthus the shield holes must be sized so that the EMI does not escape, but airflow is not

restricted to cool the device. High frequency signals require smaller holes in the shield for EMI
containment, but the smaller holes resirict the airflow available for cooling. Hence, an
engineering tradeoff exists in sizing the holes in the shield to for cooling and EMI containment
purposes.

The shield may be located at the microprocessor or chassis level, or both. The
microprocessor generates the high frequency harmonic signals that cause EMI, so that locating
the shield close to the microprocessor may effectively contain the harmonic signals near the
source of the EMI. Localized containment prevents the EMI from interfering with other circuitry
in the computer system, but it also restricts the airflow needed to dissipate the microprocessor
heat. Alternatively, the chassis of the computer system may be used as the shield which

improves the airflow around the microprocessor but permits EMI to interfere with other circuits
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managenent, and el ectromagnetic interference (EM) em ssion c(ﬂénFrol Eor
an integrated circuit are needed to support future and curre EB 200
advanceMempy038MSsenm conduct or technol ogy. Summary of the BEEBSNI213059315
Accordingly, it is a general object of the present invention to provide

Zpoiré ! %%ﬁgwg %assg%%\}ek’ Sdjtioy ﬁetqgg}aﬂlﬂalﬁﬂ@% A8 chdigit Ve BIB%ﬁaéeg Sut

vant ages | lvering power to an Integrate
Ci rfé#u&es LidRwt occupying | arge anpunts of space on the circuit board.
Anot her “object of the present invention is to provide a system and

appar at ugsrh@idifg st sivk thavecatb@nédt thoindgopoeesser ik andthetyayutol redwdeng one
or nore capacitors that are supported by 20 a cover or simlar nmember

t haEMINgagesyer EMI filcegthetmidropromssior tha chuplehwith disj ket siok mayeapsedhe heat
invention is to provide a connector for an integrated circuit i ch

i nceinfude attes an antenea and tadifte thentiMhbsItiin didhewetogenndhe g Sh‘@ﬁfﬁ%’\ggrﬂ}e and
which is preferably capabl e of supplyi awer to the | rated circuit
al oRycroprocesses package.gpd aitheygh ngH%‘ﬁgﬂ ﬁ%f‘g%ag?l\ﬁfma%’f CEM%F f%‘“& a
reduction of the nber of condugtl i N dg); e

|t Blsins Py Rt Pegh LR o Sess FELARE FO aieBn e PRAGOGRTR e Kng oy bRC

gggpgfeg'#ﬁ t;%opﬁuck X Orﬁlgﬁ.at]ﬁgrefdré,cﬂliaﬁe if £ QB4 8 af PMEDhRinmaN Sy dteRaBatup

ns use I'n signal transmssion to and fromthe

| nt eghain8 N1 "Froth highTRiqueA@i fignalORitRelt cdnpkhiaispipahe termnMamiagementsoft 0
provi de a power dellvery nménber in the forth of either a socket or a
COVgiie dyBm.i ncl udes a plurality of planar capacitors formed therein, 30
t he capacitors including at |east two netal plates that are separat el\d

f r om eac fin stunerarpysystems gelated te-peverndalivery] signal tragsier, paekagedosiegn:

PCT/ U502/ 30593 di el ectric nateri al, erably in t f or m of film the
cap seREmBe e FIFFaRERc o P et E D SEisiobseRp! iy e kg oisd cpol

del i ver nber, eb ﬁ%i ' di fferent
vol Fﬁeg’é%ed?n%t%?wpﬁvgﬁl&? %tgfsé]"%'feﬁﬁﬁe | %%%}tg%bgs%h}é?@g 8{:@{ ﬁ:kh]}c}iu? her obj ect of
the present invention is to provide a power delivery nenber that

I ntegrates one or nore capacitors therein and which includes a plurality

of iSﬂﬂ;fﬁh?_‘ﬁhWﬁﬁon arnms that extend therefromto engage | eads on an
integrated circuit, the | eads being disposed around the top, bottom or
si des of Adwerdinglyitas &geriralobject of the present invention to provide an improved power
delivery system and apparatus that overcomes the aforementioned disadvantages in delivering
power to an integrated circuit without occupying large amounts of space on the circuit board.
Another object of the present invention is to provide a system and apparatus for
providing power to an integrated circuit by utilizing one or more cap acitors that are supported by
a cover or similar member that engages the integrated circuit.
A further object of the present invention is to provide a connector for an integrated
circuit which incorporates a power transfer means into the body of the connector, and which is
preferably capable of supplying power to the integrated circuit along the sides or top of the
integrated circuit which results in a reduction of the number of conductive pins (leads) needed
for the integrated circuit which, in turn, reduces the force required to insert and remove the
integrated circuit from the connector, and frees up additional pins for use in signal transmission
to and from the integrated circuit.
Yet another object of the present invention is to provide a power delivery member in the
form of either a socket or a cover that includes a plurality of planar capacitors formed therein,

the capacitors including at least two metal plates that are separated from each other by a

-10-



A further object of the present invention is to provide a pr ocgﬁspgg 7008
package that takes up |ess space on a circuit board and whi ch does not
rely upogo%shysabs c coupling to mate with |eads on a ci r%fmﬁ‘iﬁ[} t he
package i ncluding a housing that receives the integrated circuit thereon,
i ng havi ng el.ectric plate formng.a wall of the housing, the

t he H,o S % d{'j

hous wgecmfrrmﬁ@rlahm #1goly in the fogniofp fim, thereprcitoheing Yrthersepwated Tdher
surface thereaof .to which.are ternin te% tLeads g{r t he inltezﬂ_é?t d _circuit,
Che GRBiQsRer 7R feolet deliveny melbeh ety DS GRS Bl PR Afusing 1rom
cont aﬁfer&?%yg%%ggﬁ%ﬂnﬁkgdg SRRASE téd%htcﬂ e of the circuit board, the

i nner “contac . ~housi'ng~bei'ng aligned with corresponding

contact padg@er BE%]Ect%'f kfeUirbseRPRF Entich REOYIoV RGNl UbIRRry BRI et

t herebetween to effect signal transfer fromthe integrated circuit to the
5ci r chitégrieabfle of Mere dapadiongthbisit fret whiltimgudds alphaslityfendieidaglicontact

supported thereby, the capacitor providing a supply of power to the

i nt egmast tht eitercltherefryex tozngaged lbads.ont anantegiztedircoft, theéeags baeptlisposednt i on i s

to provide a power transfer connector for use with integrated circuits,

t he @onNGthedep: kationyon sidesiadths ifegiatedyietiithrenber that is di mensioned to

overlie an Lntegrated_.gircuit nounted on a cjrcuit boar et her or not
Che. 1 nt od BB G of el e P BRR 1 1 WOxT A Sociegt g s B er
menber.. Lncl udi . i . 10 Lve, - i | at es
o R Ak Rtk i Pl SABEAS) G s MARSBRA b SARSAN Ao 21
10t he 6RRAGHLIRboRathE Padldbe SRINEEE 4 ASut MHEL M Pes!th@ RS RBd bRt thERBHAL ed
circuit when the cover nenber 1's applied to an integrated circuit, the
capathett@usipkdheimgalicledtiv plage foriirg ngald ofihe hobising, ahy/hdisagefuttherdppinged t o
them and sel ectively discharging power to the integrated circuit as
needpliralithof cengactipady fopnad en e mnrien slrface drereafitd whichrase tormigtest ledde ot dai t
from either_ the sides or top of the jntegrated C%%%Eit’ t her eby
el i ninegraisd cirpat thedickesic e sonagmiingdhe wger cangachpas o thyhqusie IR ui ¢ boar d
or in th unting.socket | eading to reduced m nal coun t in and
o ¢ ofRRTLARTY frepoiga 38 A EPreROh et Bg eleBE B B e PRkl dd HEHF, " 58
FEB i eggazﬁﬁﬁagﬁa&y | ortOL Gt Ak E Rl praTidk BepRItBRENT
Isinve%§?%ﬂ¥$% ?éQ%E%S?HEE%?S st em and ap%%v%tus t hat capé%itive%§ provi des
powetoipding thershaweacnestett dpehl whnsbr frova dipdiagiaal cmiiso tior cithit Sopat, kg
heat generated by the mcroprocessor during operation. The present
i nvehousorg fucthonidviinghaideashesecapacitatshpportsdjtarely, the aspanitor pfoviding asupplE and
5 novel structure. The power delivery system of the present invention
i ncl oERever tpdhgintegried Grcuit ol t age  regul ator modul e, and decoupl i ng

i in,. f 1 of di . LOf . i ¢ al i
Colt e etk Rt AEmen beelofhe Rieth sfRAo i AR . SRRt HeLequellBy
2013” A ARP SR htegthad cif’c?lﬁ@,gﬁt? cdiiRetbbtalkil2ans fnesaQoviBMetiB&anitle formof a

over, a socket, or a franme that 10 engages the 1Cin a manner so that the
syst gimdidnég tsoreein integamed oircuibmeusicd 66 aefroiibboadrd, whdtleer or not the

integrated circuit is mounted within a mounting socket, the cover member including a plurality
of conductive, spaced-apart capacitor plates disposed therein, the connector further having
terminals extending from the capacitor plates for contacting conductive traces on the integrated
25 circuit when the cover member is applied to an integrated circuit, the capacitor plates selectively
storing power when a voltage is applied to them and selectively discharging power to the
integrated circuit as needed, the capacitor plate terminals contacting the integrated circuit from
either the sides or top of the integrated circuit, thereby eliminating the need for power contacts or
terminals on the circuit board or in the mounting socket leading to a reduced terminal count

30 therein and a reduction in the mounting force required for the integrated circuit.
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system may include a signal transfer systemthat couples signal§FEs gt he
ICto arenote circuit, located in the connector, on the circuit board
on whi clwW@1G&028@95 s | ocated, via a conductor or a PCB trarer/iStesopeckage
desi gn system of the present invention permts signals and/or power to be

15 coupl fsglé} Sl o%%m?ﬁfﬁe?%@%ﬁ@exﬁf&nﬁ?ﬁl m&g'sgﬁkﬁ%ﬁ%ggﬁﬁ&k%ﬁ t hat

are outs ush ecessed or insi em conduct or package.

Thi g Wﬂﬂﬁﬁw@m@&@M@ﬁ@ea@bymwmcmcow@m mRatsefor édsiphmgl s to
Iffere h

have t frequencies, such as high and | ow frequencies wt

di f hestarhetaygiesy the hicesprbeesstt dufing eperatiomh as conductive, capacitive,

i nductive, optical, transmssion line and wireless. 20 The present

i nvent i oifel mresembintvenpomseomplishusrthest and othye nbincts b3 pesans obits uiguaridbus

systens in which a heat sink and a fan may be attached to the connector
5in aowelstmctuseich that the heat sink makes contact with a heat generating

f f the I1C h [ . di ssi b h d he I1C
2nd the pHREOVEIGCDERY SEYSRAET HEPTIR BT R e BV EGIRRBe YRlteR o

dth in, 25 T ' I f . bk . trol
oyo fepietpp oG pa e BT bar Oyt i el ih B8tk atller i Eelabbivfill |
by g vloﬁa%{*éggﬂ{tmtrﬁgéﬁe %&Hﬁ;ﬂgc&ﬂﬁ@kﬁﬁﬁfi’ﬂdﬁééﬁ@ 84dH Ibcatéd B £@RBEctor

i nt erconne nsities, reduc circuit board real estate and |IC package

VOl YRR engilsts the'TT OTRE corirRetee naasky the fortr 6 a@over] £bdckbd, bf 4 framéhieste and

ot her objects, features and advantages of the present invention will be
10 ¢l eanpyges 3e 1M itex atanner solthatuyhsystan delivees pawearto ofie ohmofendideswf e Hat Ah¢ ed

description. 0 6 FEB 2006 WD 03/028095 PCT/ US02/ 30593 Brief Descr,iption

O Fhstedmey inptudern sigeal dranifersystem Hiatcopplesisignglsdeys thed( o remeie ﬁ“é‘?"é‘r

will be frequently nmade_. to,the, attache rawi.ngs jn which: . F s a
f undegatgibin PGEW‘eﬁFOJg?%meWWﬁBO‘HF@& ?h&&g‘gc‘? 9?5#6%%“&08%%#% 0r%'\]/aent i on
5 ih’ldﬁyati ng the association of the various systens aspects thereof
Wit PHtegrated circuit; FIG 2 is a detailed block di agram of the

systens Oﬁhé: é age d&sida sydtebSofthé g?ﬁs&}tmlﬁénitiﬂﬁ pehhiey sgﬁaﬂs\/zﬁldV(ﬁ%Weﬁ fsbé or

each of the system aspects of FlI 2 and listing ernative connections
15 bet wapietihe oay st moraspetson He®S. utdikingddnnédiond hahae ohbide, élush wethanmat i c

views of the integrated circuit of FIGS. 10 1, 2 and 3, illustratijng

i nc recesseryor ipsidk theosemicorpluctar pagkage.of his prekpss dpaan systesm praferglly PeERES t he

package design system aspects of the present i.nventjon. FIG.5 iLs a
G aghe ARStPIEed FETABHO D G TPaE) BEREPD GHT ST EE R vy 1, 3¢ i ng

e difiersBP Rl Sy HERN RS oA %: ShRlivE ABPRFILRRLAVABERLIANCE W LD
transmission line and wireless.

20 The present invention also contemplates a thermal management aspect to its various
systems in which a heat sink and a fan may be attached to the connector in a manner such that
the heat sink makes contact with a heat generating surface of the IC so that it may dissipate both
heat generated by the IC and the power delivery system, including the voltage regulator module
used therein.

25 The present invention further may qﬁlize an EMI control system, that is formed as part of
the connector to shield EMI radiated by the IC. All of these systems advantageously permit
increased interconnect densities, reduced circuit board real estate and IC package volume, and
improved product manufacturing and reliability.

These and other objects, features and advantages of the present invention will be clearly

30 understood through a consideration of the following detailed description.
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invention; 15 FIG 6A is the sane view as FIG 5, but illustrat iﬂrﬁgtEBiZQﬂ]ﬁ

and | ow frequency signal interfaces coupled to different sides of the
| G, FI GwpBsjogsebhie same view as FIG 5, but illustrating paf{§n8bsds st
(high) and second (low) frequency signal interfaces which are coupled to

erated circuit; FIG 7A is the sane view as FIG
AMLS f i rst and second signal type 20 interfaces

coupledt ' fferent t he i nteqgrated cirGulit t he sane
coun 20 (g, L Grale iy ﬁsfa}lsi d et BRI off s rogbortivatits B ol
sign face coupled to the sane side of the integrated
Ci rc%%t%dh éﬁ%ﬂﬁg&d@g(%SC and 8D are diagrammti c cross-sectional views
of the intggr ﬁiseﬂmn%tléwlbuocﬁfdld@rﬁofﬂ@@@ﬂieéb asRédt'éiSﬂ{e%EésBﬂ ihfhtishgnal
and/ or power connections |ocated outside, flus with, recessed or
5 nsi feustrhens teiagsortitivhaf thavdtye syseniEaspBds (1RBodfmdthod iategratidagrcaitmat i ¢
views of the integrated circuit, as shown in_ FIGS 5 and 8A-8D,
i |l ustrat Fig. 2 e daeided blnek dibgrameofshgsistenanel I, power contact on the
respective to bott om and/ or sides of the int e%eat ed circuit; FIGS.
oA | OB &g 3 1sadable %mgaﬂt@natwﬂ lgpatipng fprgrach REthe sy e asreats Qf FIG; %an%s
sho Ln 30 FIGS. 8A, ﬂl SD,, and FIG 5, having signal contacts
and/ F%%ﬁm%ﬁﬁtcae{l%“’l%ﬁh?@&“b Syl BPEER 2006 WO 03/ 028095
PCT/ US02/ 3,40 [

%9@8 AoPs & gﬁhdi@%re% Blic Wt JtROLA RRE LikGHE O FIG

representin e’ pac dge emin accor pre erred
1enbodi 7R 5, AhstNmgnhaeedhe LowaNS,1100, 3 Khd™ of irtegdritich, EBsﬁ@h&éW&ththe_
el evational’ view of the integrated circuit of G and located in a
conneadk@pe dbsigr @st&ﬁéspeetsenfdhealgtmratvemcai evat i onal VI ew of the
integrated circuit of FIG 1 | located in a connector formed as cover
of the i nfdGr aisudiograsumatic \Hc\@aoflmsntegraépdmlecgﬂaﬁﬂ% AlefBulistgtag ﬂiﬁI&N of
the integrated circuit, of FIG 11 lqcated, in nnect med a
soc k@@clqasa@eﬁlélw?wefsaf{dh%glﬁlf.?%}ﬁa?% IR pgcordiance pi i i@@‘?@%" &Fsaffea t| c
el evatiopal view of the integrated circuit of FIG 11 located 10 in a
conn&EFBr%ormed as a frane that receives the integrated circuit; FIG 13
14 s a di agraanghiic uR! GMRWIARa FIG. SV ilhiteatinB HBEH BHd8ew FdqGstcl s(ﬁnaF' G 11
coupled to a renote circuit located in a connector or on a circuit
boar @iteffadas carpled tadidfengt aidomsf the 8Cevat i onal view of the integrated
circuit of FIG 13 that is | ed together in a stacked arrangenent; 15
FIG 15 i ¥l&. @agﬂammeveh&%fﬁohaﬂlllvﬁ@nngfpatrhef ﬁnﬁt@wbag@aswa‘ww)and

\r,gr?%g:gﬁqlzrg%&;éjla mt%ﬂ = 155113@1'3 o %%lpy Elae saa%16 ssltl?lle cr)]f the 111 éjglr:;[ttec'l m%lzuliltdl ng a

FIG. 7A is the same view as FIG. 5, but illustrating different first and second signal type

t he sarre5|de oft e |

20 interfaces coupled to different sides of the integrated circuit;
FIG. 7B is the same view as FIG. 5, but illustrating different first and second type of
signal interfaces interface coupled to the same side of the integrated circuit; -
FIGS. 8A, 8B, 8C and 8D are diagrammatic cross-sectional views of the integrated
circuit of FIGS. 4C and 5, illustrating the signal and/or power connections located outside, flush
25 with, recessed or inside the semiconductor package;
FIGS. 9A, 9B and 9C are diagrammatic views of the integrated circuit, as shown in
FIGS. 5 and 8A-8D, illustrating the locations of the signal and/or power contact on the
respective top, bottom and/or sides of the integrated circuit;
| FIGS. 10A, 10B and 10C illustrate a plan view of the integrated circuit, as shown in
30 FIGS. 84, 8B, 8C or 8D, and FIG. 5, having signal contacts and/or power contacts located on the
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capaci tance located in a connector; FIG 16 is a diagrammtic el bobh ﬂ@ﬁm
view of the integrated circuit and renote circuit of FIGS 13 or 14, with
each ci WQI¥OBMS udi ng a vol tage regul ator nodul e and a STEUIRIBHE320

capacitance; FIG 17 is a diagrammtic el evational view of the integrated

Cirg -,Eid%rﬁﬂdfo?:ggﬁ&ngfrtgﬂﬂéeﬁﬁtcd Bir&at rbpreléntibg th¥'bddka8R@dyid dyStémtini Ncl udi ng

a vol‘tage regul ator no and decoupling Ccapacitance |ocated on a

Ci I GhbdrdRamgth the GrefdBed smbodinfptsaytid present aweniiamal vi ew of the
integrated circuit and renote circuit of 25 FIGS 13 or 14, with each
circuit iAIGl LUiswdiagranirhatireeleegiohattaew wbthelintepatesl dxpuisvf H1G cnahydoorted and
a decoupling capacitance located in a connector; FIG 19 is a

di agr acomtecrel evati onal view of the integrated circuit and renote

circuit of FIGS 13 or 14, with each circguit, i nclugdi.ng.a t

regul at oFlgptih ds p diagrasgmatc ﬁlelﬁt}(’(%r‘fw‘ﬁé’gﬁ?f lnmtﬁpﬂgg’&ﬂﬁﬁmgfﬁg’ﬁﬁ@flt ance
| ocated in a connector: 30 ﬂEG t20 %ﬁﬁa} diagrammatic el evational view of
t he 't A CRYICSI0E dOTINGATi & “FT Bt BC PSR WG “with a thermal nanagement and

el ectro etdg 1 her : I : sl ds WO
03/ ozsoS?G&%%&aﬁ%&%@éﬁ%ﬁ%&%%ﬁ%ﬁ@%‘% t odn%fﬁ\'fi(zﬁldgfﬁal%gg@& Two
senyeonghEL Rk FIRKAAS SRR thicbesvdsihe REGRAEABIEAIN th the principl es of
the present invention with an upright sem conductor die and capacitive
type si griat. 12¢ s & db@ramiinatic plewationaliipk iof thet iateghuedsdirhmitaff FIGel | IocateiG. 22
is a cross-sectional view of a Level Two sem conductor package

consh & eotmesitar forredascoframe dkatwiaeives Hs iptegratadptizsyitof t he present invention
with a flipped seniconductor die and utilizin capaci tiyve type. signal

i nt er f ac&Ignd3 pi)%\élﬂg%ﬁpﬂil‘éﬂe’f%lopﬁ]ewg‘lvQéﬂ}?fmieﬂg"t‘?adrﬂl té’[fﬁd' 3 @B#‘tﬁ tgFI G
23 is across:slecti nal vie ge of FIG 21 with a heat

f the IC. k
Si n@rﬁ@r‘?ffe"r“c“ﬂ*t PeAteLtr § FRIEE ?Oﬁ%?%"ffm%?f’%ftg a cross-sectional view of a
Level TY\K\%[&? 98 ﬁ.{ﬁg}a%maﬁgglﬁgﬁ'}o‘f’ﬂaf wt"ie@gf Wih&g’fatecﬁﬁf@uﬁ%m.t OF theli B,
| e o0 | Wt

capaci t typ ghal Irntertace an ower supplied fromthe

Si d@w@#ﬂegtggeﬂ{ég%ggﬁkwmﬂg@mﬁ@ IS a cross-sectional view of a of a
Level Two sem conductor package of the present invention with a fli Pped
sem condurRIGon S dé & diagespamiatic wlevitiopel Gew of thredntegratest dicnnet and dempetagscut §
contacts on the top of the package, FIG 26 is a cros -seg{?i onal view of
5 LEIES Cha idewithomehsueh cipaeiiagadne eryolad reapiatd e dseiing; o
capacitive type qf signal interface and power contacts on the top of the
i nt é‘@P%ﬁl@Bcec\%FE‘Gﬁt‘? a connector,

FIG. 16 is a diagrammatic elevational view of the integrated circuit and remote circuit of

FIGS 13 or 14, with each circuit including a voltage regulator module and a decoupling
capacitance;

FIG. 17 is a diagrammatic elevational view of the integrated circuit and remote circuit of
FIGS 13 or 14, with each circuit including a voltage regulator module and decoupling
capacitance located on a circuit board,

FIG. 18 is a diagrammatic elevational view of the integrated circuit and remote circuit of
FIGS 13 or 14, with each circuit including a voltage regulator module located on a conductor
and a decoupling capacitance located in a connector;

FIG. 19 is a diagrammatic elevational view of the integrated circuit and remote circuit of
FIGS 13 or 14, with each circuit including a voltage regulator module located on a circuit board
and a decoupling capacitance located in a connector;

FIG. 20 is a diagrammatic elevational view of the integrated circuit of FIG. 11combined

with a thermal management and electromagnetic interference (EMI) control system,;

-14-



FIG 27 is a cross-sectional view of the integrated circuit of K 2?
carried by a socket 20 connector that supports both a decoupli EB /006

capaci t apg@zandodeat sink, simlar to that shown in Fl Geerhzdams 19;
FIG 28 is a perspective view of an I C assenbly incorporating systens of

] per spe of _ __
package ol @4 F R elsSRaectBRp idy oBh TR b Yok pRATLE QARG R

Lhat gidgaadeswith BRGRMRIIIACNBPARIGRBAEHA il Siribhi scffofidRctorfic "

expl oded view of the system assenbly of FIG 29; FI'G

crOSSca?@cﬁﬁwrygb siQn@Nht&fab&&wiﬂSﬁ@ﬁﬁ@kMﬁ)ﬂfed% the s2d6 oftthKEDy al ong |ines 30-30
thereof; FIG 31 is a cross-sectional view of an alternate system assenbly
const r uct eflQ. B2 ime cwssharatenai wéw the Lpval Tovqecescafdutioe paokagecinsirmated s on;

30 FIG 32 is a perspective assenbly view of another enbodi nrent of a power
Yel i vasegrdanaerish thefpringivles efdheprepany aventaon withrdlipgadsemidendugioredis paé and

i1 lustrating an alternate ang of -15 0 6 FEB 2006 .5 15 20 25 30 WO
03/ 0 4BGNEFeaPeRiss? méwﬂfm fERGPRYEST stpplieddo dhguds ?%fﬁe ategratedy e

t her ecofc' .tyvhere the ICis fornmed as a level two sem conductor package as
shownlﬁHlFl G 4C FIG 33 is ais a perspective view of another system

assenbl y Ge¥ehsyseerodbbitidnhBNE) om{rglccj GQBILRREHEG I RARK AR sﬁﬁt%?lniaé} FI G

4C, and having an external neans nnecting to a power supply; FIG
34 | satRcRAIEReR: i ve view of an alternate enbodi nent of a system assenbly
utilizng a capacitor power delivery structure of the present invention in
1Pl ace uporFl&. 2Hiipa paskagpiioaaldiievhala hgved Tveaemid¢oductonpackhgatitingn wptighta

heat sink; FIG 35 is a sectional view taken along lines 34-34 of FIG 34;
FI G Seu¢onductpedispespesiiise Wnswl siarlanterfpemandieithy pensersiugpliedofora theal t er nat e

enbodi.prent. of. .a capacitor structure used in the power delivery systens of
t he pﬁ‘&@i‘f"fﬂ\%’@?ﬁ%‘f’ and useful for supplying different |evels of power

to an IC IFIbG%S ?{ a E%S%E'%él%ﬁ%é% 614 88 Chfa /Y segﬂ(t,ontdﬁgtgppzfcf(%g ét il f ferent

angle and wt
present invention with a flipped semiconductor die, capacitive type of signal interface and power

15 contacts on the top of the package;

FIG. 26 is a cross-sectional view of a Level One semiconductor package with a flipped
semiconductor die, capacitive type of signal interface and power contacts on the top of the
integrated circuit;

FIG. 27 is a cross-sectional view of the integrated circuit of FIG. 26, carried by a socket

20 connector that supports both a decoupling capacitance and heat sink, sumilar to that shown in
FIGS. 12B and 19;

FIG. 28 is a perspective view of an IC assembly incorporating systems of the present
invention, that is formed as a level two semiconductor package carried in a connector that is
formed as a cover and a socket that supports a decoupling capacitance and heat sink;

25 FIG. 29 is an exploded view of the system assembly of FIG. 29;

FIG. 30 is a cross-sectional view of the assembly of FIG. 28, taken along lines 30-30
thereof;

FIG. 31 is a cross-sectional view of an alternate system assembly constructed in
accordance with the principles of the present invention;.

30 FIG. 32 is a perspective assembly view of another embodiment of a power delivery

member of the present invention, taken from the underside and illustrating an alternate means of
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renmoved for clarity; FIG 38 is a sectional view of the capacitdb FER 2008
structure of FIG 37, taken along lines 38-38 thereof; FIG 39 is a
parti al VéhB3/¥388%W of anot her enbodi ment of a capacitor st rREFUSE30593
constructed in accordance with the principles of the present invention
and sﬁ%‘/lyﬁ‘% epﬁ)t‘b% APHREapNRF streAG® th@¥sRUERGhé [CifohABE afA fevetRd S an

enl ar'ged rspective detail view of a corner of another enbodi nent of a
powsemitdhivetoypakagicdsshowndn FIGUECed in accordance with the principles of
the present invention and illustrating the use of nore than two

capaci t orFIfi. 38 és3 ishal @rspéttives viawpdaspet sysenyassembly avpoused vdthl 4 eeeljtwo
menber of the present invention nmounted within a housing nounted to an.
| C, seintdendeeionpaskagashonvin RlbaAcpanddrvingoan extgrnal peansfocconpecting tarp end
view of the section of FIG 35; FIG 43 is a perspective view of a
conRE¥EHFUPPY;:uct ure constructed in accordnace with the principles of the

present i Lon: FIG. 44.is an | oded. vi.ew of. an al ternat.e wer

el 1 ver y FLS b s Eeseiet tieo of M AR BaRE e bt an s et Er b BPFh e

ore g . . L Cali ! _

Cap S ieipEEET B O L o e chnfinfrdofd h plochpdt TEAP ok BEUEL, )06
WO @342 808earB &Y ddaausieadel Wittea il disk;t he same view as FIG 44, but wth
t he conponents assenbl ed together on a cicruit board; FIG 46 is a

sect i onalFI. aWiod sdctiond ssewrbdkyn afonglites 34634 ak€DGa34Nng | i nes 46- 46
thereof; FIG 47 is a perspective view of the assenbly of FIG 45 with a
heat si nEIfedbéra perspgecpivavswy paientftom the uadersideseldsl altermatcemb@limentpf 2

enl arged detail view of a portion of the assenbly of FI.G 45,

i || gapacior plgnciredised indhie pewELEsIvery trstsmsoh heprssentinyention pud useBIL £or on g
vi ew of. the.connectar assenbly .FIG 47 taken along |Iines 49-49

t hePERRYINE, .eﬁgﬁte]iggélgﬁ?g?sﬁgrtaea&qget ail view of the corner of the assenbly
of FIG 4§g hhhiipkkahtWEvRas FRADS, blallRRind b MGLrbe ARemalWid fis RhAsg:
FIG 51 i's an enlarged detail view of an alternate construction of a
sockehot@ifiRela®ity; constructed in accordance with the principles of the
present invention illustrating the use of wire contacts that contact
bot h t he RIG. 8Rds alsstioptleienpétictoapacitot SnkhGe 05 F1GS3 A tadenawgtlinge 3§38w of
t he connector assenbly of FIG 5 1; FIG 53 is an enl arged detail
sectthggef, view of interior area "A' the connector assenbly

FIG. 39 is a partial end view of another embodiment of a capacitor structure constructed

in accordance with the principles of the present invention and having staggered power leads
extending therefrom;

FIG. 40 is an enlarged perspective detail view of a corner of another embodiment of a
power delivery structure constructed in accordance with the principles of the present invention
and illustrating the use of more than two capacitor plates;

FIG. 41 is a perspective view of a power delivery member of the present invention
mounted within a housing mounted to an IC, with the housing shown transparent for clarity;

FIG. 42 is an end view of the section of FIG. 35;

FIG. 43 is a perspective view of a connector structure constructed in accordnace with the
principles of the present invention,

FIG. 44 is an exploded view of an altermnate power delivery system constructed in
accordance with the principles of the present invention and which utilize a plurality of discrete

power capacitors supported within a housing that supports the IC;

-16-



10

15

20

25

of FIG 52; FIG 54 is a detail ed exploded view of a portion of Et‘}‘@ mﬂﬁt
connector assenbly of FIG 52, illustrating the placenent of zy discrete
capaci t ith; 20 FIG 55 is a perspective view of i strip
cont ai ﬁ%"?gé‘ g used in the connector assenbly of FIG @W?@%SG and
57 are underside perspective views of the cover nenber used in the

syst ens iHIGU4S istheshmewviev@s FIG, 44rbat withche ganpanents assemhiebiogetbendn a vi ew
of an alternative manner of nounting a discrete 25 capacitor in a
conmerwibbodrd; t he present invention. Detailed Description O The Preferred

Enbodi Th [ ' i s.di [ .
ol very Figsfm assenaral vt e psepf o EiGt T TngTRESUEGRRMEIE <\ oo
16, th | [ Syst cont : f
¢ 22, prdokt Mo ety EF e b RBR AN s WA s BLAREER Tor an

t echnol \; i by Produce 1 Cs, such as mcroprocessors, that have
fas?’garce%%é%g?er@t@sa?as&&l ¥ 0 6 FEB 2006 WD 03/ 028095 PCT/ US02/ 30593 hi gher

pover, | gWel 48 WPR shixpbd AGES viek @heportdén 61hE assembiho ORI, 46 idlnstrating a
currents, narrower voltage margins, high nonuniform heat densities, and
i ncraeasad cigaelitraney teMinem ssions.  Ancillary benefits to these
advancenent's include m croprocessors that have increased i nterc%r}sct
densi t i eFIGnd9 inpsestions] picydof thewanrscios essealy 51 Ad talem; algng limey 45-

Sem conductor 5 manufacturers anticipate that near future m croprocessors
t ypitbete¢fy will require 1. 0OV or less operating voltage, | OOA or greater
current, 0_Alsec qr faster tr J ;

1 of endijCosQas 8 eiraet duan ol PoE ShmEt PLRr slembB 000G, A5 TRARRE s
vol t gag,srf&pr@{a%ﬂné%sasggmy}ni{gacg;hese requi renents present a significant
adva ment “over-present ~m croprocessor designs, and m croprocessors
havi ng t hegge s¢haspetieces Heal vies ofdd dlteindteicanstiOctpmoifagionket wpinectiged new
support systens for power delivery, signal transfer, packagjng, thernal
managaserdted arutcdiiknaeonith the prifioiplgsrod seepresent Bmventnm li'llgstmqﬂéglt“‘eﬁﬁet‘% wire

i nprovenents for these systenms and others, all of which will
benefontictd thet conasbaeth s K nandodisRie CaPstBor t echnol ogy. FIGS. | to 20

generally jllustrate and FIGS, .21 i rly illustrate, the
power de|?@é§1§§§?féﬂ?°{'§? V{%ogﬁaﬁéﬁne? %5%%%@3 B@é@:ﬁg?ﬂ, t he package
design Syﬁfcf. %Jig %;Jilﬁr 3 4R BBl o APRR G TR St ETA e canttctdrasdchitly
control system 8°For the IC 22, all in the different enbodinments of the
presgitid. Byention which are illustrated therein. FIG1 illustrates a
general bl ock diagramof an el ectronic device or system 10 t%@é incl udes
a power dBIG.\5driy asiysiledredplpded visw @f aportionpd the conpegtangssambly of aggi;

desi gn system 16, a thernmal managene sysfem 18, and an
i%lustrgting the placement of ara?screte capgamtorr}here%lt{l;

FIG. 55 is a perspective view of a carrier strip containing leads used in the connector
assembly of FIG. 52;

FIGS. 56 and 57 are underside perspective views of the cover member used in the
systems illustrated in FIG. 30; and,

FIG. 58 is an enlarged detail view of an alternative manner of mounting a discrete

capacitor in a connector fo the present invention.

Petailed Description Of The Preferred Embodiments
The present invention is directed to an improved power delivery system 12, a signal

transfer system 14, a package design system 16, a thermal management system 18, and an EMI

control system 20 for an IC 22. Present and anticipated advancements in semiconductor

30 technology have and will produce ICs, such as microprocessors, that have faster clock rates,
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EM control system20 for an IC 22. FIG 2 illustrates a nore {detri 108
bl ock di agram 32 of the 20 power delivery, signal transfer and package
desi gn YBO&AWBIBF FI G 1, which explains the relationshi PCHVSHRPBO&H

bet ween the power delivery system 12, the signal transfer system 14 and

|1 o RS PERALPYE YR b ek O SirtefinBh &S ebeloPt Bkl Bedubi®, |
F| Gvogtag%ﬁm&ﬁh% W %ﬂ-ﬁiﬁ&%@h@a@ ARG dsORR iRGeNRA T30 6h ENIY ciniRiony. St €m

bl ocks. _ ustrate various packagi ng desSign systens 16 for
the A&iﬁ%g DRAcHE WMhebd advaiSemdnts inciddePicrbprocesudrslithdt halZ Bnaeated 2C
a

i1 lustr the integrated circuit, as shown in FIG 5, being located in a
connget@hnddt Aenfitenmil mgprovebpreductanmnticairabibity adfrelaabilityoSeimaatductoon a
printed circuit board (PCB) 114 and having signal 26 and/or_ power 24

5 conmeghifsnsretoamieipatsthat non dauteomictapoeasstrotypicadly avibeosuireac@V priess F| GS. 13
and 14 illustrate two arrangenents of the I? 22, as shown in EIG 30 11,
coupsipethting valteged0BATEEeAter arenh AP ddises ok fashntranight oS, vIRES PCB 114,

FIGS. 15-19 _ill he |.C 2 d the RC.52. .,as.sh in..Fl 3 and
4, Thenlnieg SEURIch RATlER S0%, VBuac g e itks SAds RS Btk Tpid )
03/ 028095 PCT/1JS02/ 3059 i ] h being | ocated
e S R O G S AR e
any tﬁﬁ?@ﬁrﬂéésg&fheggﬂé, d-m.fci'cffhro&gsdrk hatihg He@ScHabRdristion as 6l fltewn in FIG
11_, alls o

avi'ng nore tthe thermal hanagenent system 18 and the EM

1p €M 37% in§ Wl hekd S4% EBFPoLOsystmsSoppowdrticfivény, signdfhi@hsfe? packaging2thermal
i1l ustrate  package design systens 16 for the IC 22 having power contacts

| 0C aheshgefet)and BM4l afnttohe ThEpRRent f@ntioBisiditeated tairaproyemens &rdhese of t he
system 10 using the IC 22, as _shown in FIqG‘_gvfl. F]GS., 24 to 56 I l.lustrate
pac keygtentemidgthers,pdk efihicl will bengficialky sppp CMFCWQE ChpJasy-e 4 on

(1 LD, Oy P s bBCE5E, SRR BRI 1O
2SR S Shehl 3 PRI il BB S dld s ket ornec o

a so cover,” having the déecoupling capacitance 42,

15 for ”@Qnﬁéﬁ lﬁ&d'fg@ﬁl%ﬂtr tenf 8P @k ¢ EMElc6Sirol 3¢stéd 204fot tHeU€1 22tk ity theiddfifierent
enbodi ments of the decoupling capacitance 42, forned as an integral

capaghbedimeatl dfithepieyer imepsivatdhidr are iusgatad teoeine 1G4 illusiratescrgeperahs a
cover, a socket or a frame. FIGS. 45 to 60 i ll ustrate %&ré,l ous enbadi ment s
of t hleckidiagmph ofign cleaparic davice ongystemy | frihat meludss & ppver dlVENDEC I aditor s,

cart .‘Isiggalbt)r/angttég sg?s?grgelﬁf g inac]k%léé dfes?énng}%te?ns 1& a thermal management system 18, and an

EMI control system 20 for an IC 22. FIG. 2 illustrates 2 more detailed block diagram 32 of the
20 power delivery, signal transfer and package design systems of FIG. 1, which explains the
relationship among and between the power delivery system 12, the signal transfer system 14 and
the package design system 16 for the IC 22. ’
FIG. 3 is a table 56 that lists alternative locations for each of the system blocks illustrated
in FIG. 2, as well as alternate connections between and among the system blocks. FIGS. 4-10
25 illustrate various packaging design systems 16 for the IC 22, as shown in FIGS. 1-3. FIGS. 11
and 12A, 12B and 12C illustrate the integrated circuit, as shown in FIG. 5, being located in 2
connector 112, formed as a cover, a socket, or a frame, or located on a printed circuit board
(PCB) 114 and having signal 26 and/or power 24 connections formed as a conductor 116 and/or
as 2 PCB trace 118. FIGS. 13 and 14 illustrate two arrangements of the IC 22, as shown in FIG.
30 11, coupled to a remote circuit 52 located in a connector 140 orona PCB 114. FIGS. 15-19
illustrate the IC 22 and the RC 52, as shown in FIGS. 13 and 14, having a voltage regulator 38
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cover, a socket or a frame. Referring back to FIG 1, it presqet{: ?UQ | ock
di agram of an electronic device 10 that includes a power del stem

12, a si nsfer system 14, a package design syste er mal
managenen @szztg@’e%m 18 and an EM control system 20 for agb%gmgm#ﬁ

present . invention finds. its. greatest (ﬁtlllt n use vm{hICs n the form

of miBAdsrIrl gmacftﬁ%e% ga g lecatediin qne Ei“‘o‘f‘mé%?‘?% 2, gn thy gonlycigy | |

oo 14854 0 the R LI4 B B PORBNERE ARl ﬁﬁfe?b&%‘@%@mﬁf 2SS sts
POVWeIETEO 1§ I'l‘favi&\%fmgx% deﬁf‘l o%ﬂéertﬁeﬁj A Dina b dniinp Eerﬁ Y § W@k ARREBHS

signals'to andfromt e package eS| gn system concerns the

constchHebl H6tepi 20, A SRAGK BIRIG. Q0 FIG8S2 Nhd 12 idbiehte cha Edefor Bt 16181 d,

while the thermal managenent system 18 cool s the during operation

5t her ¢hd @02 htviag pbver emtictlocstyd be theXddufabkEC EM FIG. @R ilisttagaihtsidiebly C
22. The power delivery system 12 is coupled to the I1C 22 by way of a
powerof tlensysteri bhugdng thetlfal2, ps dicovainl KIG. ALl B 24d0 B6 pidwatrategradk ageaiesign
conponent s %not shown). The power connection 24 illustrated in FIGS. 1

p

&2 afysters ) étpretha%ﬂélamngmowe&@mﬁam logpdhee thedap ohthe IGEpHESeRTs power
beln uted from h vver del | ver m 1 ver p. a t he

Fhistezies anpasssmbly pEtE e e'é’w%*hﬁiﬁ b hsishr s B Fietnef iy ¢ o
the 0]
bty E@%’Efe%%@ﬁh%eﬁ%‘%%%hsf 0] 08, TR IR emmsstor i 2
1onay %nﬁe@ésg%bk&% B.%@{réroﬁa\%@g the%b&ibhﬂg)éaﬂa@ﬁhuﬁeuoﬂﬁm‘éﬂ a5'B% ft&drgnal path
so that single signals nay be routed along single "paths and miltiple
si gnahpacitey. BE:S.G4tied4 dlhestrateepidivas empadithenteof the decpsingtapacitaneu2, or nore

paths. The signal connection 26 also is preferably a bi-directional
conndemiashestanantegwab papaetioss c8Tisd b alssparaa veutdgralmonnesterd 122foamen gs ¢ he

signal transfer system and s als routed f the signal transfer
syst éﬁmma%clqeherq %ﬁ% ‘Qﬁ r@u uStRfs Yagopy e mhediimeatspsihe dsappie

contr |nfo ck S t I her ent
Cot FaPreitads B %“ﬁf@% ﬁ%ﬁ%@%ﬁ?ﬁ%ﬁ ST pons R T RS o
1501 K cWirdh o ke &Y d RS af or ementi oned systems 12, 14, 10 18 and 20. The
t hermal franagenent system 18 is preferably coupl ed, or attached, directly

to the | CReferringbaglori FIGHN, it @raxeiits atbl@krigigrirh of an Hret:ta@ﬁc Hbdcetd thand
preferably over a heat connect i on 28, which represents a path for heat
f | owinchhdestrepawer delivesry Systernd 2sheigealdrapsferiiystent lﬁwaiackmmeen sptiemdo6, a

S S T MG e B T ™
' 223& \ge%?%n?%@s %tgl%%te%t\c}letrﬂ?%@ l%géﬁr%f(?l mt %%%.ﬂ(:fl %ﬂg@l‘oc@gs%}setﬁ}.tzage séd in
20 the field of computers, but it will be understood that its principles and structure may be applied
to other ICs used in other applications. The power delivery system 12 provides power to the 1C
22, while the signal transfer system 14 iransfers signals to and from the IC 22. ‘The package
design system concerns the construction of the package, or housing in which the IC 22 may be
held, while the thermal management system 18 cools the IC 22 during operation thereof and the
25 EMI control system 20 blocks EMI from or toward the IC 22.

The power delivery system 12 is coupled to the IC 22 by way of a power connection 24,
that preferably includes both power and ground components (not shown}. The power
connection 24 illustrated in FIGS. 1 &2 and is preferably a bi-directional connection that
represents power being routed from the power delivery system 12 pver a power path to the IC
30 22, and also represents a ground path being routed from the IC 22 to the power delivery system
12.
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connection 20 represents a path for EM 30. The EM connecti drf g§ Hbbows a
bi -directional connection to represent EM 30 generated and radi ated by

t he 1 C 3 0mvnd09shat radi ated towards the |1C 22 by ot her miwcsu2ies93The | C
22 includes a sem conductor device having one or nore of the

characterjstics, and. 2 Ie | : GHRPSS he
advanc edﬂé‘% Wiggilnt&@éf% F%térgﬂﬁdg g‘g@ﬁé‘fr‘i?etﬂ‘]?gg 22 %?gvﬁéb?\gs g%f{gﬁ? y a it 26,

m c : ' d BIRe S , such
s R el o o B ey e BB - at e
Ci I gafl ﬁ{cﬁ% i Wied ioRerRRpaaid pattistoramilipleRéd OVes oné bembte 22 may
b g&ﬂé er P&g’é@ ggﬁﬁ%t}g@g&ﬁg% de\ei ce,pa controller, a transmtter or
a I RRd VERe sigial Cofn&dtiva 6albods geaferablyar bislimttional GomiectivrGhatirepmsems ent s
any type of electrical and/or nmechanical systens that use integrated

ci r sighdls rowted froasthe 6120 tatong, the eigealdnansfer systénod4and signalsi rented feom thes and
systens. The conputers may typically include workstatiopns, desktop and
not e'bmlltramfﬁpayﬁﬂ‘s,l‘lﬁaﬂmﬁé %Qv-c%ﬂg@arlgmpféﬁwmdedia&,@a oLetl ant s and
the |ike. The teleconmunication devices and systens may incl ude
conpfPm#iotons systens, satellite systems, 30 nicrowave systens,

o s SRR SR B SRS B BRI SOTABt r  055

t el ephon rne Such as servers an

rouf g cﬂ-&ofﬁgi[ggﬁ J.Iﬂ‘%‘ihﬁﬁﬁr ootk \lﬁiﬂ'x:ﬁi% vAB86s NG ARhB R sl 13802/ 30593

and systens 1 nclu agnostic, analytic and treatnent devices and

sys{igaRd a0d The ehdrindPmafidenteht systees &8 deprefeeablyrayupbsd, orattached, kiirepty toethie.
"Portabl e” devices are typically those referred to in the art as having

a pioe? idebposttion ®yshergeiemstingssurfanp theeaof and prefarahiy omerceat gormsction
periodically replenished. Such portable devi &; dr aw gj r.ect. c;lrrent (DO
pow@8, Whighrervesepésepath dor heat fJow. 3‘%1116%092”%0 3513)9“’%13 biiFeationdly| e or

BSPéééfeQ%éﬁ&aﬁeb%%ﬂﬁ% pit ey BT i2§é€?ﬂéietﬁe§ffﬂéiy§@%%§eﬁfﬁ%£%‘saﬁ%m
(AT B AP Ao g it O F bl Bl B sy LT RO 2 pover

to DC povge HGF BbkifolsPfe G032 cowplare tBEIQoDRyer EidNeotectiom3@.0Te EMI
appli cat}qg{r?s, the IC gZ may dra‘\jﬁvﬂAC power. 10 FIG 2 is detailed block

di agpiBcBiadn b reisreseats mpath fier FMEA0. The Edropnneitign 20 shewna bediregiwnabackage
design systens 12, 14 & 16 for the 1C 22. The oweémij&‘l%g/ {ﬂ)ﬁ%ﬁyste 162

i nclconkeestion tpepeeseaURML 30 Zanerated and sadigteth b thedbt2ge ag 0?&&%] € and
the voltage regul ator nodule, a voltage regulator nodule 38, a
condecZihother GENEen t he vol tage regul ator module and a decoupl i ng

capaci t ange @%ggﬁ,r%ggsgédqﬁen&%u}{&mc%gﬁt;@g%ﬂe Bk {nﬁfb SORAEhAraARGEtico ahdie

| C, and, connecti on ween the vol tage regul at or

ARl g ek ik e 02 s
preferably a microprocessor, but may also be any other type of signal processor, such as a digital
signal processor (DSP) or application specific integrated circuit (ASIC). Alternatively, in
appropriate applications, the IC 22 may be another type, such as a memory device, a controller, a
transmitter or a receiver,

The electronic device or system 10 of FIG. 1 represents any type of electrical and/or
mechanical systems that use integrated circuits, such as computers, telecommunication and
medical devices and systems. The computers may typically include workstations, desktop and
notebook computers, handheld computers, personal digital assistants and the ike. The
telecommunication devices and systems may include communications systems, satellite systems,

microwave systems, land-based telephone switching systems, internet systems, and wireless

telephone systems as well as Internet systems such as servers and routers. The medical devices
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package design system 16 preferably includes an | C power connecg Fy ﬁfﬁﬁ and
an | C signal connection 48. In operation, the power supply 34 5

gener at %@05(?8@.}4 vely coarse regul ated DC power at 20 tReTRAE0s93
connection é . The voltage regul ator nodul e 38 converts this coarse

power to a relatively fine regul ated DC(i)O\.NEI‘ downst ream at .t he power

conmod sysiemamchyde diagnestia, @palytic ard Heatwent deyicenandiasioms anddhe isacAiffice 42,
oF oviicse depioot Bay RE Mg I51 bBOTARE pEADIEh Htices e DEHIG e TSRS o in
oML St Ty AL RS o R BTSRRI,
46 QlyibienddC SR FbREed Haw ARERLAIHAS DEARARL RS hetowel Ul ST gnal

connec Ssmts and recelves Sign 0 an ro respectively,

t he t | ' ' | ] gl t he power deliver
sgﬁqg@z,@ @agﬁy lof a PthMioBablE Br SdURRharg@WIE DU foRvep @u4pli 9 p y

syst of the power connections 36, 40, 44 and 54 show a

bi - di r ectplefadnit devieRtes @R ndaPornablane: hosuithat et efikied gotret delperes)jswoent

system bl ocks. The 30 power connection 24 in FIG | is the sane as the

powehat dommepdwartodde powdeldelivey systemvii2se the feom of aljeraptingrimesst (AR) Bomdlows a

bi -di rectional connection to represent signals being rouyted fror?ptcﬁe -21
t

a s 4C peweoowlepoUsealbbersiepicrs comvertdhe 98 pawes o DG Rayeer beraise the 52,
d i t .signal s bei _ed h te.circuit 52 to th
PO gt DUEREE ST o SGng Pl s 322y R A Sbiti L o' 96 '
S b : ST eTer eht ST _ -
oot | G B biptPARGEN $RiRRrudh fhpotel dolivDl, SBIR ik and) 9N
fcgr'j}aekal CRbigAystemk he, © &ctd nite 142, CeheGloweb déliinaieMsidin 12sndlwits@at ed i n
m A

Row 2°of the table 56 in FIG 3. The renote | ocation may be any
| oc gioiwen stjsly 3isa sotinkatinre34 betetedr therpopenapptyoandibe voltageregilatotimoidle, or
system 10. Hence, if the electronic device or system 10 has a_housi ng,
enclvodtageregulatorampiule 38.:aeonpestion 4 hasveenthy veliage remnataymeAdiedgd dr out si de

thereof. Preferably, the power supply.34.will. be |ocated inside
houSRgiTE B ¢ ApoBnrten a2 etow o See iAo PElC Rl o 1

t he power supply. [ I | e s ppl y
y COBRC Ao Rdion s Rt B RBhAUOEpbiR: AR 10, T BAYREEED Y
34 i gsRAY14 ¥RRudRE 2 9EMbtE Qirk a2 BRI LAREHAOIE erwach iane el ndilaliiey

converts power in the formof alternating current (AC) to power in the

for &a@f(agﬁ deRipin syeteneld prefeRBly atchales ah &0 gowhecopoesionclérandeniorFi@sl Such AC
to power conversion is typical in non- portable electronic devices, as
desocronbecticdve. Al ternatively, the power supply 34 may generate 15 the DC

ke, Theln sasvtons Qisgeyes RapmLr g arberaiicr apaedly ABAea Spuihe yber & 11
[ e s pwbe ERieS o, 56 TRE Féltal® ¥ethu6h midle B8 E6uloRE 10 8arBCHRARE B4 LY OF

relatively fine regulated DC power downstream at the power connection 40 and transmits it as

needed to the decoupling capacitance 42, which 42 stores a predetermined amount of this

regulated DC power and provides it to the IC along the power connection 44 to its power

connection, or input 46, Alternatively, the voltage regulator module 38 may supply the regulated

DC power directly to the IC power connection 46 of the IC without using the decoupling

capacitance 42. The IC signal connection 48 transmits and receives signals to and from,

respectively, the remote circuit 52 via the signal connection 50.

In the power delivery system 12, each of the power connections 36, 40, 44 and 54 show a

bi-directional to represent power and ground extending between adjacent system blocks. T he

30 power connection 24 in FIG. 1 is the same as the power connection 44 in FIG. 2. Likewise, the

signal connection 50 shows a bi-directional connection to represent signals being routed from the
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The power supply 34 will typically generate the DC power at a f{gIrag IRY,
hi gh voltage and relatively low current at the power connection 36, as is
known i rvO@/e2808s of power supplies 20 However, the | C 22 pey/usexjiisee DC
power of relatively |ow voltage and relatively high current. Therefore,

accq%ng)t ghg ﬁélﬂﬁtse%lﬁﬁﬁgﬁ %&Hﬁa@eﬁgel a%) g@gg QeS8 &0, thE YGRStk Rouif BEE 2

consi ven to where conversion from high vol tage

and theW- 29! hEMschiBed MovY WitlAeferaitd to Mol E6RRE dB26Te8leniladly, tﬂ@'si%tﬂﬁ t he
ow

| ocation and type of the power connections for the high voltage,

cur redpheddfonZBRIFIONd if the sahie ab the sighdl agenectibgb0 0uFI@R DC power. 25 The
hi gh voltage, | ow current DC power advantageously permts power to be
rout ed ovEhe ppwersupplyrideis praferablyslocitediat aremiotelooaticn itk eletirdmaderics eice,
that are constructed of a relatively |ightweight amunt of conductive

mat eysten 19uas dndipsted in Gelymma., Rewt2 ¢fithe Hdlesat Iochnbra fempde locatiaypay
oo hirristlogaHion thpde SUTHIe 19 Qe ER ROV Ja M PN ICEIRE SPuaBr Oc mete T ons
*he 1B FRGPLIS Ve OF Mstin DiEaEB Bousig ABI0Rlrs Ok e e RARASAL Koy bl 01, |
of r AP WG TRAR BERol Bl S R B el e B o 30503

sel agdusiR ahdanBintedliol 4 ShRMire eEHEY Sciaksié bi dlongvdest. dt thel privengupply 84t id er ent
areas of the board. The cost associated with circuit board power

connecite® bstsidziths howstingydise phversupplytrivy typsallpbe tioentedito thei qutdideneftthe For

exanpl e, one ounce of copper plating is typically used to carry high

vol thaypsing. | The pgwc@wpbép \Ray tyw#? deise Hinheenesaiphpyv ey andyyhich preferblyes on

the circuit board tg variqus ..electrical.conponents pount on the circuit

boarEPIVEHS POWET wdhe ?qr?l qfwgte%\%\g CEHS%@QZ" &E‘P’%t ‘Péﬁe 16 {IEEGHISP age,

hi g r.ent e | : eded
%tio:} (?.bo?'%v\\.g% B(r)‘.t.r& anBQé{{oy"aﬁ; gﬁiﬁh%C TtJ‘ﬁCjﬁ%nt T ?B@&eﬂi’@n i8alif Bk

on d'to carr same ano power to the conmponents

on the BeatidetrsiHe RedcesChd Gdtbtib&PH e N AVieREtilEY the pEWer SUpPIYBIOMBY geferate
plating is significantly nore expensive. According to the preferred
enboie TRD pewef diréwlyifies adC ipoweniipply, anch @s httsoy, cheditomor tetike.| Thel ow,

the circuit board traces formng the power connections on the circuit
boarpbwersapplyaid yrefeashly genayates, tietRig owensy agaletively comspsrguiatedler@diot han | ow
vol t age, .high current .povwer in order tqg mnimze the cost of circuit
boar@nipHze e FoF AN SARD ,XIW%]E&P%W%Y SBEFW);at he | ow

The power supply 34 will typically generate the DC power at a relatively high voltage and

relatively low current at the powerl connection 36, as is known in the art of power supplies
However, the IC 22 may require DC power of relatively low voltage and relatively high current.
Therefore, according to the preferred embodiments of the present invention, special consideration
is given to where the DC power conversion from high voltage and low current to low voltage and
high current is made, as well as the location and type of the power connections for the high
voltage, low current DC power and for the low voltage, high current DC power.

The high voltage, low current DC power advantageously permits power to be routed over
power connections, such as a wire or a circuit board trace, that are constructed of a relatively
lightweight amount of conductive material, which minimizes the cost of the power connections.
These conductive materials may include metals, conductive inks and the like. The design of the
traces on a circuit board that form the power connections will typically determine the most
amount of the conductive plating on the circuit board. The thickness of the conductive plating on

the circuit board is the same across the entire circuit board because it is not cost effective to
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vol tage, high current DC power directly fromthe voltage regulg@tF% nmdul e
38 and/or decoupling capacitance 42 to the IC 22, w thout being routed

t hr ough worgmidoopoard traces. The vol tage regul ator nodul g-gBisdiRYsQe any
device that converts high voltage, low current DC power at t%e power

connecti.on 36 to. low voltage, high current DC power appropriate f t he
¢ ectinglyapabi i e{%ﬁ%ﬂlqg%aéthﬂ‘g@efssﬁ of ﬁﬁ%ﬂﬁ@%re@éﬁgﬁ%&%@ &’H@dD%IhSower
at a relatively . fi.ne.requlated level. to mnim,ze the cost an npl exity
of ¢S oBprAE it RS HLANTE coBNGHonEm A ashSr el e RS eh e ot
t he 3 ng : b "
i el ind CEbE Aol B hede oo bR is GRRERT LR cobl BB voIBRE, 1
per f R BRARt BUtpoRReFdHh HRDIWer kiiSH1P GWEFa ERPIcYs SftiRRechil8oxaltd ¥ifous
regul ator nodule 38, and are not intended to be Ilimted to any
5 par t ¢ledttiadl cealpo@sntd mouiedlos. the tirdist stesd. r mbdoatradd At tHeRwepbilyide 34 agtd @t or

., hodule 38 is constructed as a nodule of discrete and/or integrated
ci r caitputdowpmiiage,shighemutrent power teadoyr, ounnesnftteusaoe Hatingrapuitdeaieedadi an
board. Alternatively, the voltage regulator nodul e 38 may be constructed

Al Y

of ofhe girgnis bearddo sury:that sasehisBeiEi 08 PeVeAIthe saneroyents ©F th beasdt Sucha
conpanent.s, .necessary .or desired. .The decpupling capacitance 42 may
o et asatip fock Rt ARG REPTaRe 5 AL BHNE BRER MR 1 C 52 The
decouplin i C L . lﬁ‘ it h -hi gh
transient gé%@?%@é%ﬁ%&%%@@é@%@ et}s{% I:'égéeﬂé E@%S%‘/%? esz‘%g((y:}%%egllﬁng

10 Capagdi4ipBEIewA the Bkull Boai A AFBSH Rt iBeP8 hawer CHnfEdtRIE off ARAGHUALDAQM an
i ntegral capacitor. Discrete capacitors include, wthout limtation,
cer apfieferablqoual highavuttags llow engent IO petenitiee than el yoltagrmbhighausentdd@ t he
li ke, -23 06 FEB 2006 WO 03/028095 PCT/ US02/30593 5 10 15 20 25 30 which
may Pewer ihesdbsdo orinisuzs e eostwd sircwih Boasdn Hesich istancsy epndigpas Faror e 4% o

i nclude chi.p- type capacitors. Discrete capacitors ad t ageousl rovi de

r oERIEES igh CUERHTIG BRY Fecii drom B ORAGIEUADE o L BRI BF IR 8 ¢ o

di screte. ca It gr ukilj.ze c r Lngl e or

nmul t?apnggﬁgagut? zeﬁ%é%og%%g%foﬁg%u nEllef@’nY %%Idgagn “the like. The
j5af or ement *I‘H@@Qltaéy é%ﬂ%t)ﬁm%aﬁﬁ@stlﬁéﬁbm RRide ML I6R ri¥ Hh & mﬁFw bW a

carrier lead frahme and may include relatively large parallel plates

S e paguateifl DTy péweilit tiedpotved icoletion 66 td lvev Voltagetagh aapat Dilbpewdrapplopriaiegi d

or flexible, and may be formed of a solid, liquid, paste, gel or ga&.

| nt efpr she Baphc Prederably alio anitagpaegelripr pwdiet3 Saenerates Hirel@Cironr ponelatyBlpes

and configurations. The decouplin ) .
fine reg%lated level to minimize tche c%st an% complexity of the voltage regulator module 38 while

maximizing the performance of the voltage regulator module 38. The terms “coarse” and *“fine,”

20 and “high” and “low,” as used herein, are relative terms that distinguish the performance and
operation of the power supply 34 and the voltage regulator module 38, and are not intended to be
limited to any particular values or levels. It is desirable that the voltage regulator module 38 is
constructed as a module of discrete and/or integrated circuit components, and, if necessary,
mounted on a separate circuit board. Alternatively, the voltage regulator module 38 may be

25 constructed of only discrete circuit components or only integrated circuit components, as
necessary or desired.

The decoupling capacitance 42 may include any type of capacitance that decouples power
from the IC 22. The decoupling capacitance 42 advantageously supplies the IC 22 with high
transient currents when required, as described above. The decoupling capacitance 42 may be

30 formed of separate discrete capacitors or an integral capacitor. Discrete capacitors include,

without limitation, ceramic, tantalum and gel (e.g., pocketed aero gel) capacitors, and the like,

23-



capacitance 42 is described in further detail below Each of thdbgdBelllt
supply 34, the voltage regul ator nodul e 38 and the decoupling capacitance
42 may WeOoynsiefed i n any appropriate way to form separ at RCGESI2/3088§r al
nodul es, devices, or conponents, or the like. Preferably, the power

suppbiichmay Revey REEARDS suFHLE bt endRHh&1i38s. a8 EhicASacHOELAIRY indfde@RRLT t ance

42 are constructed separately or in alternative constructions, the power
supptypeddpavichrs. hBiserdtd eapecitory adaintageomdy e vafk predetdiminkelspgoi€idatichsaind
single, integrated device generating |ow voltage, high current, fine

r eguhaitekhod@ sicese rTheSonhéctiofide theediscreth eapasitomgray wijideavoductod siich 88 and

t he decoupling capacitance 42 nmay be designed as a sjingle, integrated
devi B8EberABRE-sTngevies, Bumngd aed Supicddblanik loask pag e ey inafpiementiopate

523%2'@%%%‘3&5%483&??@%?5' sty (653 %ﬁ&a&ﬁ@i%%ﬁ%&ﬁﬁﬁ@é%@%ﬂ% or
3.8 via.t ' 4. . ' . Lypi e b

specl TECFPIP 1A %Eé‘é‘ﬁfﬂ%ieﬁé‘e@s@ﬁ&iﬁ%ﬁ%&ﬁ%’aﬁ%& %Pﬁ»«??ﬁg y
25" rBetRgand FERRe GHER A% G, Bl b LRl R Sl EoR s, ol 5 8

al ongdemipdpebusiRipehit cusidin 3PEdi HEHtiont Shapasnt cohfidiftiomdeTRIddongligapaci t ance
42 is needed. Alternatively, if the voltage regul ator nodul e 38 can

sat i sdpacitimecet42ain siesmibed ur fuethesdataigbelond by the 1 C 22, then the decoupling
capaci tance 42 is not needed on a continuous basis. The power connection

1044 i ncl ud&sclanf theypsaves fuppdy Aédhe yaitasearenlptaympduleStang|tee desonpling i ve,
capaci tive, inductjve a’E"d al m | ar connections, The signal, cogj;ect ' gen
bet WEARRCHRARES| ma)ﬁée ErROIEPY &3y JRPLORTIALEY 3Y Hckory SR RiG OF Integy “t?r‘#“ Sarr ay
(LGA),.:RLN grid ' Y. , [ t and
ot helz'ievs]??ﬁ’ Pa?onggﬁé]égg%/ PI(() rjﬁls%bmﬁﬂngg %%6%%*’3}1 %gé‘gi&gsﬁéﬁ i #t glr%%)(ll:tgge %%gl\t/aﬁ’ges an

| nt epfRGR 5@&&&%@%&&%&&@% AR ORE WEEREE s tdr V8 ar@htfie havi ng a
suitable -24 0 6 FEB 200 10 15 20 25 30 WO 03/028095 PCT/ US02/ 30593

Si zecomsinBEea, Biecsbviay sappividtiabl ehavaiiage tagubatsrah@hilaB 8 mblyebel desigaed yea si gnal
i nterface provides an i1nterface for transmtting signals between two
15condsioghe; sntegratedglevicp gendratinglowovaltage,dtigloeurrent,dime regilated IC powers syl at ed
by ant eecri,e t%g E/o.thGedreglillgtto?glcoedlﬂe 38 and the decoupling capacitance 42 may be designed as a
single, integrated device capable of generating decoupled, low voltage, high current, fine
regulated DC power.
‘The IC 22 may draw its power from the decoupling capacitance 42 via the power
20 connection 44 or from the voltage regulator module 38 via the power connection 54, as desired.
Typically, the specifications of the IC 22 will dictate power output needed from the decoupling
capacitance 42 and/or voltage regulator module 38. If the IC 22 requires high transient currents
that the voltage regulator module 38 alone cannot satisfy, an appropriate amount of the
decoupling capacitance 42 is needed. Alternatively, if the voltage regulator module 38 can
25 satisfy the transient currents required by the IC 22, then the decoupling capacitance 42 is not
needed on a continuous basis. |
The power connection 44 includes any type of connection including for example
conductive, capacitive, inductive and similar connections. The signal connection between the IC
and the circuit board may include solder, land grid array (LGA), pin grid array (PGA), ball grid

30 array (BGA), spring contact and other similar connections. The capacitive signal interface

provides an interface for transmitting signals between two conductive plates having a suitable
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The renote circuit 52 designates nenory devices, m Croprocessors d‘llﬂ tal
signal processor, application specific integrate circuit (ASI{d FE rd
di sk dri interface device, transnmitter, receiver Lke. In
sone apa?/‘lgcoglthl%g%s, the renote circuit 52 and the I1C 22 ngﬁUe%g? sl3‘l'sam3
or different electronic circuits or devices. The signal connection 50 may
i nclsizdendisepradted hy estitabde dislashicanatenald l]&teim@chmm@gltm%f,acc provides ive,
optical, transm ssion line, and wireless signal interface or the |ike. A
c ondileEAGRI0E frgpemitting s gnalsbeweshiT eanductgs haxime @ rRRERHPR {R0RN at

relies_upon netal -to-metal. cantact, such as those known in the art which
i ncPOECE I fsPa h’é(@tﬁrB&%t?mlﬁﬁﬁﬁ’éW‘ée'arrays (LGA), pin grid arrays

(P&, baf. ergx[nio&l: GcLft%3 deB | gtﬁgﬁgn%gdé\ji&%'mﬁrcgﬁg&gg %\éfgﬁl?dl g%ﬁ%]ui nterface

Is one that” nmay transmt ween two spaced- ctive

Pl ab2Soesilr SippliaRion Phcifik 'iﬁtleﬁx’atesdiﬁﬁlg%ﬂgmﬁbhﬁﬁl‘daﬁiﬁc dipRPasRRe Y Rvivdi tabl e

di efectric tertal, or air? An Inductive signal interface is one that

t r afgHihites) O8EVE opEerien Thwome applivations thaemoe dropitrsliand|tiey [(O21 sy dei on
to one another and separated by a predeterm ned di stance. The optical

si giiad sanmd arrdi flenpelectrodesciamuits or defiease for carryi ng si gnal s nodul at ed by
a transmtter and denodul ated by a receiver at an optical frequency,
such as |Thgisignaboenmegticrh¥(hmay ingludessignapinterfacesagh ag gprebictivg; CAPaTH

opt i'Ccfl fiber. The trans 'ssign .Ie\i],&rgle Si nathrtJ nt er%aﬁg p ovi(gegi an. .1

i nt dRqugtivesopticals rABIIRESIN RS 2ad BRLTRSE HERF BTTEGRST Pars-| SICORFEUE SIsPe|

i ncl. udi b ' - Dy . [z Ll ey

i r A 5% BB Fker Tokl P e inpraEs BAFkcticl iornt P60 Lolfact sk as e

modyh3ha0n M At WhtRRElEdEdoldidoftdeneiy, MrAbridandys XGAY,$in pfid ariydi 0

frequency over a radio frequency channel via a radio transm ssion nedia,
suclipad\)abdll gid sp@esBGE)cindale like pouwrcitardignabintdrface seetthaimsayddansmit nay
be delivered to the I1C 22 via any ti/pe of mating arrangenent, such as a
ci r signalsimawesn tippacedrapartaondunhive plasisnprefratdp ek similas sigpBnd, whish, age

assenbly, solder,, conductive adhesive, npins,. spri fingers, .,and t he
| ké?P#fg@bgaiﬁ“Ftﬂ‘%lPtdéF?e&@%mﬁPfﬂF‘t OF, @ir f‘%‘?’%‘ﬂ&h@ﬁ BgPaldnteracy 5ORk s | i st ed

[ I s A _C H I , 42, 22
" <SR sty ooy Capficl RED ke L Bl EABPOTARURRD e bl B8 42 2
FI Gge’%%m%%y éarg bl ock r%?ﬁﬁ?ﬁ@??%%@ ! ﬁfazﬁﬂg)nd 5(231ﬂ ga}ateng%fﬁg '? hat

dir Qﬁlﬂﬁ'mgcﬁgﬂahsm@dldaﬁe@ by aatansmitter and Hemodiisted BB a acceiventt @napticaled i n
parenthesis in the table 56. For exanple, the power -25 0 6 FEB 2906 WO
03/ GaB8pescRORIUBIZhEe3eca chamnelcin am opticall Meregridecueh asoeriical Bberhdbsowner
connecti on_ described, i n_Col um,B, Rowrfl. Sgst em hl osﬁk ref erence, nunbers
34, tgwsmagsiondine signal interfacq providas apipterface for tarping pgpgls Detesen BEORREY ¢ o
Col umms, in Tabl e 56 . ar. e r £ S1; 4L h supply
o SRS TP SRR I BRSSP Ot
des i 08 Sntbitsce! REAHECH iBierfabSf? QWBYing signals modulated by a transmitter and

demodulated by a receiver at a radio frequency over a radio frequency channel via a radio

transmission media, such as air or space. Each of the power and signal connections 44, 50 may

be delivered to the IC 22 via any type of mating arrangement, such as a circuit board, edge card

assembly, pin and socket assembly, plug assembly, solder, conductive adhesive, pins, spring

fingers, and the like.

FIG. 3 illustrates a table 56 listing alternative locations listed in Colummns A, C, E, H and

K thereof for each system block 34, 38, 42, 22 & 52 shown in FIG. 2 and alternative connections

listed in Columns B, D, F, G, I and J between the system blocks 36, 40, 44, 46, 48, and 50 of

FIG. 2. System block reference numbers 36, 40, 44 and 50 of FIG. 2 that directly correspond to

columns in the table 56 are not enclosed in parenthesis in the table 56. For example, the power
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5 supply. In the table 56, the alternative vol tage regul ator I’mﬁj.lé EEBt aoh C
power connection 54 of FIG 2, is not shown for sake of clarity.

However w@ls/emsnek i ve power connection 54 includes a condecCr/oso2moshia
circuit board trace, which is the sane as all of the other connections

s iterTinn g Uty reftosbnisdd the Pokdhehiaiy ribbE i CuhRGY 1 o3 Ton
"1 OBk BiBok HirSofGSRIEL 90 SRS A, bY, AR SFHIC, Dehd1GMMFechy BBH Yepofid

| oc any suitable place &way fromthe remaining circuitry o

el egd CBRIknTRAVE & JPare EitBsediBSakdritidsNstch abl Sechdweer sefple gl of FEGENt and

anticipated future designs of power supplies that are relatively
compldicaingcthe pbeer supplynitdelfpand Cotumr 4hRowridleacribes ¥ loadtion dfdharpawers
nodul es that interface to the remaining circuitry. The term "renote”
doesuppdy. Imtheytabled6s thanlternativatiobaghiegulair wedule toHE NodRE corngpiion 54 of

| ocated far fromthe remajning circuitry because, pract i.ca%%%@f@ggki ng,
t he Fgwiyis sigpghopvmier pakeqtslarity.c Blomevelo AlfTa e POPTE CORITERON Ptry.

The | i f " the .vol . dul , Ling «.
© np SERRIm citod b bBe B S sl &° ol pE e 85 SRS PRELp | v row

one .~ E, Hand K, respectively, are each described as being
Iocgﬁbggb??%?@o%nector, on a PCB, and/or on a conductor, as described in

20 Rows Fp e ﬁfgg‘: 3b, tHeSRAE SRy YocaBbn i WesEritiel ok ®ing GambiE) 8s shbk@ igonnect or

Is a device t electrically Couples electrical signals to an el ectronic
deViceRimml AS & C tThee Gétn “egioed”Sn ik deseeiptiyn térerailynneais thattthppaedrisypplyds ude
power and/or information signals. The connector_ al so has nechanical

f eatiovate] incarfyamithble ptace aivey Goat theirempiningrminstitiyorf the elggironis| ds¥icel@q This
device. In the preferred enbodinents of _the (g_esen | nventi.on

. Lhe
condesarintiongs peadrie deflest present and apticipated fulhie designs,pt poveggskeRlies fhatary, |
The circuit board is. a.substrate ' i r rs of
nond Blﬁﬂﬁgltyi C\‘?E“P%Frﬁtf"é Fir ‘é‘fltssflgi‘hedxa?w %F%gn%g bjtﬁ?c\e?l gly g@?’heéﬁ, asoq? «?}chrl%aﬂggt known as
tragge, @t &O@E%ﬂa tﬂﬁlgscircﬁiﬁey CARAUGH Ofemdte’ ddbed8YH iafblY BalstRice edlitididhipy
couples gl ectrical s gnal's “from one el'ectroni c device to anot her
el eqiiR8ite SivirGapply ieloehies Firl fecth tisd wanlingdrouiteplbétusd) eracticallycipeaking,
typically include power and/or 30 signals. The conductor may be flexible,
or rthgpewer suppboivisredicircallylvenplefl to theaemphiomgofircfitexi bl e conduct or s

include flexible circuitry, ribbon cable, wre, cable and the |ike,
exanpl e oThelocatien of the peitagegagniator mognless, the dﬁﬁo‘@%%5§w 42, e TC £

and the remote circuit 52, as described in Row one, Columns C, E, H and K, respectively, are
each described as being located in a connector, on a PCB, and/or on a conductor, as described in
Rows 2, 3 and 4, respectively, of the same four Columns.

The connector is a device that electrically couples electrical signals to an electronic
device. The electrical signals carried by the connector typically include power and/or information
signals. The connector also has mechanical features to facilitate the electrical connection to the
electrical device. In the preferred embodiments of the present invention, the connector is formed
as a cover, a frame and/or a socket for the IC.

The circuit board is a substrate which includes one or more layers of nonconductive
material for carrying conductive paths, otherwise known as traces or contact pads. The conductor
is a device that electrically couples electrical signals from one electronic device to another
electronic device. The electrical signals carried by the conductor typically include power and/or
signals. The conductor may be flexible, or rigid or a combination thereof. Examples of flexible

conductors include flexible circuitry, ribbon cable, wire, cable and the like. An example ofa
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PCT/ US02/ 30593 rigid conductor includes a conventional circuit gggég \6\/I th
conductive traces disposed thereon. The conductor is usually ! QP of f

of the gﬁd)]n circuit board, commonly referred to as a notherboard. The
pover coMM&¥®¥ERs 36, 40 and 44, and the signal connecti 8&TAE02/30593

described in Row one, Colums B, D, F and J, respectively, are each
des ¢igideshdastob diohgles acondhntionsl caadit doardiwichiedndutidberichcts disposedshet@scr i bed
in Rows 2 and 3, respectively, of the sane four Colums. The term

" cofMiecondictéms uialydested off pbthegesie cixtuiy boasd, romminnly eeferresktodegcr i bed
above with reference to the |ocation of the functional bl ocks.
Themegtherboardhe conductor may serve as both the location of the

ot oo Saboes seSmau S Y S BBk IR o FERESH B et STEES

i ialy, _f i g | j | ] i |
0 RBPlytntS BEL T 4R rdsfict S8 Mo B U RERR LR e BnfucidOha/ G ikl °0
Si g%amuﬁg%s' d%ggﬁﬂ N5 st d 3%@,%&@{%59 régl&fetsaﬂe f&f @emheThGeshonal

connecti on escribed 1 n Row one, ums G and |, respectively,

ar e “gaydhctt’s &l ﬂhi&%ﬁséﬁpthﬁidg’éﬁeﬂaﬂg ateafls B3 shit as HeRribad AR ve mithaefdrdnca el ther
es

bottom of the IC 22, as cribed in rows 2, 3 and 4, respectively, of
t he locatior of Ve fanttiomabblotks. tTesefdes theicphdwntor rdyeserar asbotlt tp locatioh déthe and
"bottom' refer to different sides or surfaces of the |IC 22, which

t y pifergtiopahilgckseanddhepayerandogsighalgonpegionn diie Spces previdn exnducyepdhs, at i ve
d f | i only, houl d b d
be RGSPORAdHOT SiF SnURALYRg! DRICORGIHTT BHATED IPEga A aric serap, 1EFde.
bot f the. | . Leal Ly, ur f f the IC
0% RESHR Slenb Bl B8, e UL ol 06 AR AUARPHISRAKS LRGER, o, 1
as i s typpgAbeaohl PRI HovdRYorldestibP4aTREH &S ITIsHhIANRREARAISR, asThe

| ocations of the I C power connection 46 and the 1C signal connection 48
ar e @egibedhe doiwnodd) Cohgiins Glabdl, lredpettomly, \btd dach Hesrigeday dingloested ewtlnf t he
table 56 of FIG 3 Colums A B, C D, E F, G H I, 3 and K describe
1, 2op,3ideXlateal)2ndBy baitoms of thedif223 ab deticviberliml rows 2e3 prd fuespecivdpedths el v,

inrows 2, 3 and 4. Hence, .the table 56, alone wi t,hout any..ot her
des GRTSHTEFOBMNS &Bﬂ@?g%ﬁ@ev%é%ﬂtf%éﬁps pé mp@“@re}mn ‘ifd?nayffefent

(1.e.]l x2x3x2x3x2x3X 2% 3= f i i ndi. v

b+ ST SRS RE AR A8y o bESNE, cBUTar (IO, anq these
way .k Fe1iMVeGBrmd (8 d ROMED RSk brY Rirposy ShRMhdPsholu¥enct b Bahstiue@ RS hélhg Sy St em
14 Zaﬁ%iﬂetl eegac agi ng degi gnlsy]‘?%rgm 16 for the 1 C 22 may be inpl gemsnt ed.
The |phiesERtwhdl YRt bevoniantivahllyreaatdet @s te thp,midegdr hagtomnoBthe #UBer  of

possi bl e conbi nati ons because there are many ot her features and

al t ePypatallyethe tolesnd bdstoan furfacheofihe JERE kayesiripesreasihatwee sreptasthanthel | n
the present figures that , .he used.in 0 FEB 2006 WD .03/ 028095
PCT/bs65) 9650880 pHA TTRIT T PTEHG: 4 S ATl TPREPRFFIT S abl e 56,
Fur tlggartiong %?Ble'l@ﬁo%‘e% cc%ne%ggn YELhPHR IC signal connection 48 are described in further
detail below.
With this general overview of the table 56 of FIG. 3 Columns A, B,C, D, E,F, G, IL L}
and K describe 1, 2, 3, 2, 3, 2, 3, 3, 3, 2 and 3 individual alternatives, respectively, in rows 2, 3
and 4. Hence, the table 56, alone and without any other description or figure, discloses 11,664
possible combinations (ie. 1x2x3x2x3x2x3x3x3x2x3=11,664) of the various
individual alternatives. The number of possible combinations illustrates the many ways in which
the power delivery system 12, the signal transfer system 14 and the packaging design system 16
for the IC 22 may be implemented. The present invention is not meant to be limited to this
pumber of possible combinations because there are many other features and alternatives

described in the present specification and illustrated in the present figures that may be used in
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I ndi vidual alternatives used at the sanme tinme would al so i ncrﬁ%ﬁtﬂt@ﬁﬁ
nunber of possible conbinations. If the alternative power co ' 54

i s usedwawibesuds t he decoupling capacitance 42 and 5 thep@Erwsez/osynecti on
44, as shown in FIG 2, then the nunber of total conbinations would be

R BB CE OIS ol SRR BBy ¢ e
coniP gt @“@F‘éﬁ@%ﬁ%&ﬂi&m‘%& uld i BRG0PI o

in FJ ﬁﬁmm% e, and 3, having 10 increasing |levels of integration and
| dent | respectively as levels 0, 1, 2, 3 and 4 which represent the

package dEshdsltepstv@Poklr chirectid\54 id wisdrwitlasut tHealebGuihgrapsaditancd 42 and
integration level 0 and includes a sem conductor die 58, otherw se known

5 as ahepower vaiettiondd] as Bsowi keFIG-20then 4 iurhbestof satelsconthinations voslthbe r uct ed
at integration level | and includes the sem conductor die 58, as shown in .

FI G reducedrbguthe 8dndividuakaliereativas fardhe logatian ofithe é@ou;rm capecitancgde ead &Y t he
| C 22 15 constructed, at ration |l evel 2 and n ctor
die @82@@#&8 { ierstives Guihe Bma et Lo pBcomBont i haadlG A2 EYh:

encl ose 1 ngtl;n a sim conduct or package 62, such as plastic, ceramc and
t he RPBR qu ImGHONS)| ustrates the | C 22 constructed at integration |evel

3 and | ”Ci?ﬂ{‘a?gléa%*l% %@ﬁ%ﬁ%ﬁﬂﬁstﬁ’% 52 as Qo IRIGS 1172 Ghd 3G ted

on a circui sonetimes referred’to as an interposer boar FI G

10 4E hhl:ﬂéﬁélﬁ qaélstéﬁnﬂegraﬁan aRd sdeht Gb@Ebspéctidelyl 3tests,i100, 3 enelt whiand
i ncl udes t e sem conduct or package 62 and the PCB 64, as shown in FIG

4D, mpresédhepackabadepign sisteonilé. BG4l dhistratestheil G2 ooastemqt@blattmtewt@n
mot her board. Preferably, the |C 22 is constructed us inte 'g Zlitl og éevel
2, asvelibawml inpludegs sengcondiiaralie 58, othawase kagrnas aabmzl rb@’dc LIS

I h
ot obp et 16 P eomsnmbteds rpaeiel T oS e e 3 dsagg
I nt ted b I
| oot Gy 3y Behied o6 cokidtLbORF b 867 FRGTIC IRIAARS RICHE el

15 exa”wn‘é,trﬁéﬂa& aﬁﬁ@%%&iﬁe{ra@ Qidqnéﬁdémﬁamﬂm@ﬁﬁuctdwmsmaﬂ@u ohakic substrate

own 1 n B, may be nounted directly on the PCB 64, w thout
usi NgniiBendRreansitite 60, ap ahday én BIG. 4B, kevibsd, withie a semicondueter pﬁckm@ige

62, as showmn in FIG 4C, may be nounted directly on the notherboar
Wi t howh asgilastict dezarpicRud dhe H@hcﬂﬁ 30 illnstraesba iC Bérc%swtqdr?é intpgraden Véld
corbp ad Fusgiis (% HRERERF 0N PRAES BEcHTPERPI) FLh d ih e 68 GRitbardyc 4p
and éE some%mes rgfeﬁggtozgsoa% éte}gosépbgagd. FIG. 4E illustrates the IC 22 constructed at
20 integration level 4 and includes the semiconductor package 62 and the PCB 64, as shown in FIG.
4D, mounted on a larger circuit board 66, sometimes referred to as a motherboard. Preferably,
the IC 22 is constructed using integration level 2, as shown in FIG. 4C. However, ICs are
anticipated to be constructed using integration level 1, as shown in FIG. 4B.
The various levels of integration are illustrated for reference only and should not be
25 interpreted as being critically defined. Varjous combinations of the levels of integration are
possible which are not specifically shown. For example, the semiconductor die 58 mounted on
the semiconductor substrate 60, as shown in FIG. 4B, may be mounted directly on the PCB 64,
without using the semiconductor package 62. Likewise, the semiconductor package 62, as shown
- in FIG. 4C, may be mounted directly on the motherboard 66, without using the PCB 64. Hence,
30 individual parts of the illustrated levels of the IC 22 may be mixed and matched to provide

numerous combinations of integration not specifically shown in FIGS. 4A, 4B, 4C, 4D and 4E.
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25 30 WD 03/028095 PCT/US02/30593 | In FIGS. 4B to 4E, the pacKdges have
mul tiple surfaces that may be considered generically as "top" or "side"

surfacesyg I 9gTul tiple surfaces result fromthe el enen ' t acked
or nount e(c)i gﬁ%gnsremanot her to forma stair-step profile, &@H@golﬁ q3§terms

"top" or "side" may_ include all surfaces facing in the sane direction,

and ar e ntFIGSBda 4Eothetnackages have multiplesyrfaces dhatipayt heeconsidergidr ecti on. I n
Gy SRR SRBARY A HHRtcoa ThE oD e GUERcs RSl SR A FARREUR BT RE | y
gt R R R PR PR A T e R

) ARl fing HIBE S ohBRicRN AEnbimRtORANCLAMRAMAT |0

Vi ewut il e cnediResorseveral illustration conventions that apply to all of
the figures. A solid line represents the preferred path for the signal

connect i din FIG. arttle I1(h22,ghe peweraitlivawsystemrile thcistghaPéansfershystein 1das sitbwd ne
represents alternative paths for the signal connections 26. A |long

das rseblethativallye Jihe 3€1229n &his Erguee generablytinduddsdhe pdvkagiogdesigosystam lons 24.
These il lustration conventions are provided to add clarity and

underSing{he g Power pramestien Hsandihe {1 signaleoppechion 48 forprd therswith. Alpncedhe
i nt .ed i miting.i i npl yi t hat
conBek SRERET shsE ha.t Erenily WEHeas 5 e Aok SPigbim Shavis y B0 Beaml 1

t ' | : : - ' ' .of th
T C SR AIG22 % AL ¥ R it vbly, MO bRoeRl S0t | ona
CONNReYERIbNS _@hmgpllyeo aBlof e figgmdd. YA SR epresdnfetht BRefBed pdie fdrakhd om 70
and/or the side 74 of the 1C 22. Preferably, the signal connection 26 is
el ectignat abinection pb enld the piréferr&bpdwen cofingrftion Bé. AGHRR. daklexiclne represdns si gnal
connection 48, shown inside the elevation view of the |IC 22, represents

t hataltematiye gathis fedhasignlowmmergionnyo.ba lpegdashed e meatesents aligraatbie paths | C

22. Th ower deliver tem12 is electrically caypled fo.the | ower
con ot theies comeeHEns 36 Bisse st st nns remmretase fady e pifer

con ' r s ' Ly1:COL o]
o sttt to e RN A MIE LB o Sn Ao R el o R, Spl

t he wRPWREL SOMGAGIhE Akt ddy bSe &nReétidnGaore BeptRlaftod ettehthaf hf@hdr? Oof the IC
22. Hence, the 1C power connection 46, shown inside the elevation view

of the | (TR2signdpransfendystein i 1stdietgoaily condedtvabe [Gmighdl compedimnl 48aditied on
any surface of the IC 22. In the preferred enbodi nents of the t;2)resent

i nvdkt 2nms desraibsd gt 1o Anda theotigme comngctians26. pldveesignab porneeian2omay e
ool L SRR 55, bk o o RS 23 Bt e
POVES g ARGECLOR 26% é?&:tfigﬁly coupled to the bottom 70 of the IC 22. Hence, the IC signal
connection 48, shown inside the elevation view of the IC 22, represents that the signal connection
26 may be located on any surface of the IC 22, 7
The power delivery system 12 is electrically coupled to the IC power connection 46 of the
IC 22, as described with FIG. 2, via the power connection 24. The power connection 24 may be
electrically coupled to the top 68, the bottom 70 and/or the side 74 of the IC 22. Preferably, the
power connection 24 is electrically coupled to the side 72 of the IC 22. Hence, the IC power
connection 46, shown inside the elevation view of the IC 22, represents that the power
connection 24 may be located on any surface of the IC 22.
In the preferred embodiments of the present invention, the signal connection 26 and the
power connection 24 are located on different sides (i.e., the bottom 70 and the side 72,

respectively) of the IC 22. Locating the signal connection 26 and the power connection 24 on

20



10

15

20

25

30

0 6 FEB 2006 WO 03/ 028095 PCT/ US02/ 30593 different sides of tHe F&B HBb
provi des several advantages related to the package design system 16 of
the | C X0 oFbmogsdvant ages i ncl ude reduci ng the nunber of mrEusd;ee9t acts
and power contacts, increasing the nunber of signal contacts, increasing

Eﬂﬁb@iﬁfér”?%%{siq%qu p?imﬁizg” OLRES PrRER AT ESE Eicb i BEPEckARR PHER FHEEE ne
per obtadr 2 he 436 inBRae BHHENE ol i SF oAl chfifct S BoRgE, (T °°!
SR PG ol A6 nd U e SPOCH Bl 2o
el e%d&@ﬁiggﬂgﬁﬂdgme%ﬁn%ﬂémﬂﬁ& PittR r_éduoﬁhzg 86 Raib¥ed Htotal bentadtgiatreasing

connéecti on t he ‘Jpower connection Z24 may be | ocated on 10 the sane
of  HRGRibeTOF Eotal ddataclsipet squar®mred Grediniiyg thenfdiGe padcamtate per)sqrizie anéa dlbeg | C
22. In this case, special consideration would be given to the |ocation
of theeZ-akisnriucing tiscmated contactivigitsngoasing thesignetbandwidth, mereapiagdhgre si de
of the I1C 22 to optim ze the connections for varjous er}% neeri&a

r easumisondusteredic sizoaeducing thedhl2 des, a3 well @5 pupropng ot 1pgtpisdelatedds the 1 C
22, as shown in FIG 5, havjng a first (high) frequency signal 15

i nt elepeRcs anephanigs ’Bﬁri‘]‘”f'lsow) frequency signal interface 78, different
fromthe fiirst.(high). f j [ o]
differ entmmv(eg‘f’ %E#égna@%%?tg%r} gésen |hr? %Vﬁlfa&ﬁ%%% %g%@ﬁ:gg ibg(r?lws%/é??oe&m 16
N3G e\ tnforb Qﬁe@{i?ef,%%@@',_ BRBRCTOREM i) 12)Of HedSEIE. Inntkthse)n.
Hence, e signal connection 26 i ncludes both the first (high) frequency
sig idlRbasifiaator Voalithe dibén weheo futalidovd the siggalcrnayection 2l andrthepbser 78.
The frequencies of the first (high) frequency 20 signal interface 76 and
t he comxetidn C4 @n)thé sampside of thie dG 22 to optimizedhe F@geitonsdpay IR cBFNEEN LSt
one hertz. However, the benefits of separating the signal interfaces on
di f teasens, as described tmBirther defail bele®d on frequency i ncreases as the

(ot ARG EACp SR IGoE RahEoads ERG T aEv S8R G Fhnalf b

si gnal_d nt LaRrfBY 78) Bifferbht fom thRrd fighot t om 70
and '@Flaé eﬁ%g#ﬁ{l@xﬂﬁe@g&ggg@% %ﬁg‘gl Y, thee fi r?sl%J (hi gh)au requency
Si 0%RkubityRliia SntéBadeT6¢ OavRRBLSIA to diffepert side 66 the ICRE rb@edtitiagthd he

second (low) frequency signal Interface 78 is connected to the pottom 70

of tpackdg defign syhtem 16 accardarse veitigberprferzed cmbotyaeus of tsaraiens Iy RRIIQRoner
connection 24 to be connected to tH%ﬁrid 72 of the l.C 2r12 %th ut
Condiator, thg sizwel sa0eeoBrPpoRCie aethiki CIECHHG freatetss el e 868T 72
f the IC 22 Furth hi. sl ti 0%

cor tBepssRad CewddraterySiuspl Bigd 7 HBE RURARRERE, SR OLIDIRGISY ¢ o

75 Mihaf BertfePf 433 2AoRE Qo) HBqincy Binhniertadd 78 ARAEPAEted b At HastEB

one hertz. However, the benefits of separating the signal interfaces on different side of the IC 22

based on frequency increases as the separation between the frequencies becomes greater.

Fach of the first (high) frequency signal interface 76 and the second (low) frequency
signal interface 78 may be connected to any side (i.e., top 68, bottom 70 and side(s) 72) of the IC
22. Preferably, the first (high) frequency signal interface 76 is connected to the top 68 of the IC
22 and the second (low) frequency signal interface 78 is connected to the bottom 70 of the IC 22.
This location arrangement advantageously permits the power connection 24 to be connected to
the side(s) 72 of the IC 22, without considering the location of the signal connection 26 on the
side(s) 72 of the IC 22.

Further, this location arrangement advantageously corresponds to one type of signal

interface (shown in table 84 in FIGS. 7A and 7B) to be used on one side of the IC 22 and another
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The first (high) frequency signal interface 76 and the second (low) frequency signal
interface 78 may be located on any side (i.e., top 68, bottom 70 and side(s) 72) c;f the IC 22.
Preferably, the first (high) frequency signal interface 76 and the second (low) frequency signal
interface 78 are located on the bottom 70 of the IC 22. Alternatively, the first (high) frequency
signal interface 76 and the second (low) frequency signal interface 78 may be located on the top
68 or the side(s) 74 of the IC 22.

Locating the first (high) frequency signal interface 76 and the second (low) frequency
signal interface 78 on the same side of the IC 22 advantageously permits the high and low

frequency signals to be electrically coupled to the same PCB, connector, conductor or other IC.

30 This location arrangement is practical where the signal connections 26 have many of one

frequency signal interface and few of the other frequency signal interface, wherein allocating
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|
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signal interfaces is described in detail above. Note that the types of signal interfaces also include
characteristics of the signals carried by the types of signal interfaces. Such signal characteristics
include, without limitation, frequency, amplitude, modulation, and the like.

Each of the first type of signal interface 80 and the second type of signal interface 82 may

25 be connected to any side (i.e., top 68, bottom 70 and side(s) 72) of the IC 22. Preferably, the first

type of signal interface 80 is connected to the top 68 of the IC 22, and the second type of signal
interface 82 is connected to the bottom 70 of the IC 22. Alternatively, the second type of signal
interface 82 may be connected to the side(s) 74 of the IC 22.

This type of signal interface arrangement is advantageous when the electrical and/or

30 mechanical characteristics of each type of signal interface are so different that it less expensive or

easier to locate them on different sides of the IC 22. For example, the first type of signal
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descri bedrpdifdfst %e oBéigAdldnteHaseREaRBthe bmohé%@esﬁmgnalyperfacﬁe 8;2 gmtbe
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r ecelpigid idterfadOcommiti@. respectively, the seni conductor package 62
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signal interfaces described in FIGS. 6A and 6B necessanly have some type of signal interface,
such as those described in FIGS. 7A and 7B. For example, in FIG. 6A, the first (high) frequency
signal interface 76 is preferably a capacitive type of signal interface, and the second (low)
frequency signal interface 78 is preferably a conductive type of signal interface. In this example,
25 each type of signal interface carries signals at different frequencies. Therefore, by this notation
and by this example, various combinations of FIGS. 6A, 6B, 7A and 7B are possible and within
the scope of the present description.
FIGS. 8A, 8B, 8C and 8D illustrate cross-sectional views of the IC 22, as shown in FIGs.
4C and 5, having signal 48 and/or power 46 connections located outside, flush with, recessed or
30 inside, respectively, the semiconductor package 62 representing the package design system 16

accordance with the preferred embodiments of the present invention. Preferably, the IC22 isa
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Alternatively, the IC 22 may be formed as any |evel design, as §idEp it
FIGS. 4A, 4B, 4C, 4D and 4E, or any conbination thereof. Note that the
senmi con¥ R PH28MMSe 58 and the semiconductor substrate 60,PEKEURREMI n FI G
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the I C power connection 46, the signal connection 26 and the power

conmeddioor 2 cambinatimcthetsefl Mbtsvhat titheenniconhigior disdhend thesemponderteme
signal connection 26 are the sane as 10 d_escrl‘in_gg‘%&aigve. B;’{I'Qﬁ sgréipﬁfnductor
pac kubsrate 6Gas shown dnBlG 4G, meabaethitek shoyd meac o & & %kness -
88 may have any value and_may be different on one or nore sides of the
senitadsrkeaf slarity HEbgHSOHDfigYRE seni conduct or package 62 may be formed of

' t eri al P | t. 7 ned
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sem KORdLE! SwiaphadfoR A6, (Hignel dmeBiod BV mdTRE howboannbaind4ess (not
shownj that” permt the IC 22 to be aligned and/or attached to another
st 1 ulebetilfed AhoveldThEIC powaioetnnedtiant 46 andrthe sigllBonpection 26crothe stvedd ng a
cover, a socket or a franme, a conductor, another IC and the |like. The
mec hieserdtzdd dbese.ur es nmay be 20 forned as separate parts that are attached

to the 1C 22 i nt Iy f dwththe LC.22 T hani cga t
el Ve oo oo 5 b PO TR OR el
S SR R B el G B o o e G gt

0 one or nore surfaces of

€ ex
t he T hendRGRasH SAlBE 83 niibe Bided fopriafefBRlives or may
coopdear%g%%e%‘t separ at@%oggtengrs to ali gned and/ or i)atpt ach the IC 22. 25

The Pz@féhmggdhemewmmedaemﬁﬁémdmmws@m apmEopaate Joraicrdirecesseyn abing
contacts 90 provide any type of path that permts the signals on the
si gnplbstitonmecirniomaeidlofardhe soucorductsy paskage 62.2 Prefamablyo thenglusoftheansni t t ed

by the 1C 22. Hence, the signal coptacts @gﬁare C‘ﬁ atible 'zth t he

var | pedeteymised SRCkeY 15 the Srmaenall Ses SHRASPROPMERIINEEAY n F cs. 7A
and 7B, ipcluding, wthout I.imdtati | V. bt 4 ' tive,
opti cal , hapCrR depdive s rapithl Rl Guot SER B RmEARERE 2 e ML
signal 41 r i i idfitalioRCh PE@BEa BotMRE o8 fifrmoin
rrech%l?’ﬁ/éll;#ﬁgir'\%ﬂélaglc F?%@%%??ct}?%%g%m&gﬁar actgri sti csa.l V\henot he si gr?al
cont agkes. ARKECITRAkINM, @ conddctsr, GndthEr RNAG WO 1k8/ T28aeShRGT UsoeesoBgdeni t h

t he conductive type of signal interface, the signal contacts 90 are
pr ef fyrateldys seieate partethat aretaaghed\td the Igazzxw@g@glmfa@%d with the IC 22. The

mechanical features include, without limitation, pins, ridges, posts, pegs, bumps, and the like
extending beyond one or more surfaces 6f the IC 22, and/or holes, recesses, troughs, and the like
extending into one or more surfaces of the 1C 22. The mechanical features may form fasteners
themselves or may cooperate with separate fasteners to aligned and/or attach the IC 22.

The IC signal connection 48 includes signal contacts 90. The signal contacts 50 provide
any type of path that permits the signals on’ the signal connection 26 to be received by the 1C 22
and/or to be transmitted by the IC 22. Hence, the signal contacts 90 are compatible with the
various types of signal interfaces, as shown in the table 84 in FIGS. 7A and 7B, including,

without limitation, conductive, capacitive, inductive, optical, transmission line and wireless.

30 Depending on the type of signal interface employed, the signal contacts 90 have a variety of

mechanical and electrical features and characteristics. When the signal contacts are compatible
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When the signal contacts 90 are conpatible with the capacitive UtEyE:f@ Ul
signal interface, the signal contacts 90 are preferably nmade of netal to

provi de \98%&/@&8‘3@5 of the conductive plates 5 needed for C%al%sgﬁié&‘sﬁi gnal
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signal contacts 90 preferably forns a transm ssion line interface tq

provi de fW¥hen thesignsé contagte 80 arecomnatiblepeitbe tndugive tyga of sigoH deterfacsy thee
tside of the |C 22 t he si gnal act i hown). i nside the IC
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con ﬁg‘ﬁ%‘z Bl b_%%&%ié&i &f a POB drGn2leothctér) afmHIER destABY inSaaKE detiichelde.

sig nnect | not shown) inside the I1C 22. Alternatively, the signal
cont act s Qtheftle figfidlcatacts PO @k cdenpatibleanitiethe @pii¢A eye. of Bipmabntpnfake,dbt act s
90 are electrically coupled to the sem conductor die 58 (not shown) 25

| ocadigshl icostacts 90 peefermbiycdforrd woe or mozadniival Bmsmitisny any proemdicakrsevts Sor
providing the electrical . coupling include, without limtation, wre
bondwibe despriberufuher detaihbed®Vp bonding, and the like, as are well known

inth f ' duct f A P |\ i j cal
coupl i ng "BERABEREET SRR o TR R B s EhBE R K sk SbeRI R AL OS5
”adein'tb?gi@g e E%ﬂ%ﬁta\?@s 9% pr@f%fh@&rfd?ﬁg B thRiMEsive lihe kitérte itdploRRiedbt a Of.

sem conduc't or nufacturing. 30 The signal contacts 90 nay be | ocated on

any 2;%9@[ igipedhhceshateisbdtiveen thetsignab8innbertdn®6 otfside of tHe $C 22 anditheB#gnabf t he
| C 22. Preferably, the signal contacts 90 are | ocated on the bottom 70 of
- 35 dbreéititR (200howd) OBk 96 2PCT/ US02/ 30593 the I C 22 to match the

A Cer nat | WEingba pEB ORI EO A e s AP Wb T HES B 68
o RS RSy B SRS PBSAR e r5hFhoit Bkch
between the signal connection 26 outside of the IC 22 via an antenna (zot shown) and the signal
connection (not shown) inside the IC 22. Alternatively, the signal contacts 90 rﬁay form and

provide the antenna itself.

The signal contacts 90 are electrically coupled to the semiconductor die 58 (not shown)
located inside the semiconductor package 62. Conventional methods for providing the electrical
coupling include, without limitation, wire bonding, tab bonding, flip-chip bonding, and the like,
as are well known in the art of semiconductor manufacturing. Preferably, the electrical coupling
between the signal contacts 90 and the semiconductor die 58 are made using wires and wire
bonds, each being well known in the art of semiconductor manufacturing.

The signal contacts 90 may be located on any side or all sides (1.e., top 68, bottom 70,
sides 72 and 74) of the IC 22. Preferably, the signal contacts 90 are located on the bottom 70 of
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for the sake of clarity. Practically, the signal contacts 90 incﬂédﬁB H0b
mul tiple individual signal 5 contacts corresponding to each signal path.
The si gwed osrorsperct s 90 may have any el evation relative tpCt/iig02/30593

sem conduct or package 62. Preferably, the signal contacts 90 all have the
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being well known in the art of IC package design. Preferably, the power contacts 92 are generally

larger in size than the signal contacts 90, and the electrical coupling between the power contacts
92 and the semiconductor die 58 is heavier than the electrical coupling between the signal
contacts 90 and the semiconductor die 58. This construction advantageously permits more
current to be routed through the power contact 92 to the semiconductor die 58 than through the
signal contacts 90 to the semiconductor die 58.

The power contacts 92 may be located on any side or all sides (i.e., top 68, bottom 70,
sides 72 and 74) of the IC 22. Preferably, the power contacts 92 are located on the side(s) 72 of
the IC 22 to match the preferred location of the power connection 24, as described above and to

| free up more contacts on the IC that may be used for signal and other non-power applications, if
desired. Alternate locations for the power contacts 92 are shown on the top 68 and the bottom 70
of the semiconductor package 62. Locating the power contacts on the side(s) 72 of the 1C 22

significantly reduces the force per signal contact per square area along the Z-axis on the bottom
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the outer surface of the sem conductor package 62. FIG 8C illustrates

t hateohBRtsD20a8 raissdnibacé the JterBalrfade dfitiee emiesmdactot paksgd® by @ | ocat ed
partially recessed inside corresponding indentations 98 formed in the

s enipredulerntined pagitdge Th2 predetermineddwight 94 néthsisignal contasts Uoand/@eheaPAY B
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the value of the predetermined height 94 of the signal contacts 90 and/or the power contacts 92 is

the same on all sides of the semiconductor package 62.

FIG. 8B illustrates that the signal contacts 90 and/or the power contacfs 92 are located
flush with the semiconductor package 62. In this case, the signal contacts 90 and/or the power
contacts 92 are even with the outer surface of the semiconductor package 62. FIG. 8C illustrates
that the signal contacts 90 and/or the power contacts 92 are located partially recessed inside
corresponding indentations 98 formed in the semiconductor package 62. In this case, the signal
contacts 90 and/or the power contacts 92 are recessed below the outer surface of the
semiconductor package 62 by a predetermined height 96. The predetermined height 96 of the
signal contacts 90 and/or the power contacts 92 may have any value and may be different on one

or more sides of the semiconductor package 62. Preferably, the value of the predetermined
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each figure as simple blocks for the sake of clarity. Practically, the signal package interface

may include one or more individual signal package interface 100 corresponding to each signal

ath.
p The mechanical and electrical features and characteristics of the signal package interface
100 depend on the type of signal interface u§ed, as shown in the table 84 in FIGs. 7A and 7B.
For example, a capacitive type of signal interface may require that the signal package interface
100 be formed as a dielectric material. In this case, the signal contacts 90 provide one side of the
conductive plates required for capacitive signal transfer. The second side of the conductive plates

(not shown) is on the outside of the semiconductor package 62 and may be provided on a PCB or

30 on a connector. The signal package interface 100 forms the dielectric material having an
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Alternatively, the power package interface 102 may be formed as an integral part of the
semiconductor package 62. The power package interface 102 is illustrated in each figure as
simple blocks for the sake of clarity. Practically, the power package interface 102 may include
one or more individual power package interface 102 corresponding to each signal path. The
mechanical and electrical features and characteristics of the power package interface 102 depend
on the type of method used to delivery power from the power connection 24 to the IC 22 via the
power contacts 92.

In FIGS. 8A, 8B, 8C and 8D, the features are illustrated therein are for illustration and not
for limitation, and any feature from any one of the Figures may be combined with any feature
from another of the Figures to provide multiple combinations of features. For example, the

signal contacts 90 located inside the semiconductor package 62, as shown in FIG. 8D may be
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8D and FIG 5, having signal contacts 90 and/or power contacts (9RFiBo&4t ed
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repr esemwo s3028608 package design system 16 in accordance VRITUSRBG593
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fi : h ' I 9 . d
ns iginied il e A0 e SRR oleF it ARSI R g o CEPCPY ©
th R tact 0 : 92.o : i at
o1 g PRI A2 o R TS O AR B R 9, e o angerent. of

the 10 spgnal MWhisBatd/ 0plaR YRV 0 CIBB TG QR SasSBowA i@ FEGOI8ANBE; 80 ort he
top 68, E%%S?ogn@% %ﬁ%?%r Si ded()g) 72 of the IC 22 provides nultiple

enbgi, A8 RIS, $ ey Sgil hitacts be as¢oppowtr doneactssyslocdtedan thertop K8y vttom
particularly, FIG  9A illustrates the top 68 of the |IC 22 bei n?ﬁavai | abl e
n

t 0 TRird/or SdEBRT2,aespeetitely, o thenkd) 22 repossentingthe peckage desig Fstayn
illustrates the bottom 70 of the 1C 22 being 15 available tqg carr
si gaabrdaned withgheprefercadoymbssiments ghtheqresenbinvenilon, dn gachy ofithe %"h%%‘éle?m nts

of the present inventjon, the si% | contacts .90 are |ocated on fhe
bot e gl entasie S engior PANCTARBRRT Jrrrereioshieda edad sPRTHSHPATR T e
i d 72 of the | ' ' '
ancbstpRphe gois: Baotal, B Uspdehudeh GPRUPoARE oAl 9F iy e
! ”Vﬁg}s Apﬁ%ﬁ? ﬁﬂgqvﬁgap%%@@h?c%é %il%gnﬁé%g’it‘élﬁ,g%@dHQﬁbeE i@ afrafigdnsant 6Rtief the 1C

22, 20 FIGS. 1 and 1OCillustrate nore

| misbed SxarRl ®RPaRfort ftkvertoRAGS IR Bh 088 dr rove af the topos8, btomi Tgremkd/aront act s
90 and/or power contacts 92 on one or nore of the top 68, bottom 70

andéide(sy 72lef the IC2Dprovides hdldde efmbaiiniaus thet ars witkirede seopsutfdhe por tion 104
of the top 68 of the 1C 22 being available to carry signal contacts 90
andépecifpmatien. contacts 92. An inner portion 106 of the IC 22 is available

Lga{ eglgi ﬁwﬁ %ﬁ?éqlﬁsrhg By Shisnale 4 Spisp et 42 ns AT Gl 1
it | f%}g{,a?]a{@ cgsh% %li}g{r’i‘llpévper %quﬁtggaa %‘8@)’9]§ HRRERS Hebodém Td 6% thd ICB2 being

portion an inner portion 110 of the top 68

f i ! ' . doeantferda embodiar
0 E@ﬁla@%’g@g&?@ﬁl BMRadtaDH Bnd/6r pAWdr\CotgRS2. I0 MHeame e enpsoofer

cont act . ferably, the outer portion 108 carries the power
contiacrssedRirvRetionahé sigaal contatis®f atd eated ondke botons 7§ hthedErZadt sho¥® 30

This arrangenent is advantageous when the_power cQq cts 92 and, th
o1 QR IGH SEIG. S0 ilhavaienits S0 toe Ko23 bome e5aleby (s papsoeR s
PCT/S'lOJ %1?(21//0? gggv%r contacts 92. In the preferred embodiments of the present invention, the power

contacts 92 are located on the side(s) 72 of the IC 22, as shown in FIG. 9C.

FIGS. 10A, 10B and 10C illusirate more limited examples of the arrangement and
location of the signal contacts 90 and/or power contacts 92 on one or more of the top 68, bottom
70 and/or side(s) 72 of the IC 22. FIG. 10A illustrates an outer portion 104 of the top 68 of the
IC 22 being available to carry signal contacts 90 and/or power contacts 92. An inner portion 106
of the IC 22 is available to receive a heat sink, a heat spreader, or the like. Preferably, the heat
sink is in mechanical contact with the IC 22 to provide a thermal path for heat to be drawn away
from the IC 22.

FIG. 10B illustrates an outer portion 108 and an inner portion 110 of the top 68 of the IC
22 being available to carry signal contacts 90 and/or power contacts 92. Preferably, the outer
portion 108 carries the power contacts 92 and the inner portion 110 catties the signal contacts 90.

This arrangement is advantageous when the power contacts 92 and the signal contacts 90 have
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different types of signals interfaces, as shown in table 84 of ,Fl gﬁ 7A
and 7B, such as, for exanple, when the power contacts 92 are gérf ggqﬁve
and t he wogmatsesontacts 90 are capacitive. FIG 10C il usidri®s s@ddzout er
portion 112 and an inner portion 114 of the top 68 of the IC 22 each
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regul at or nodul e 38 and/ or the decoupling capacitance 42, as is described
i n chotactsd0. det ai | bel ow. Since the connector 112 carries the IC 22, the
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and ihiecsdsaMed Wit tabicHd inFIGSr TRas@ 7BC 22. The connector 112 may have
various forms, shapes, and sizes and be made of various materials,
dependi ngAaordiagite s prefgiredenbodjments oif ther Iresenhmveiitton, therdoonectdralrlds,
shapes, sizes are represented in FIG 11 with the dashed |ines _12Q, 122
and capesdhe sokrgeagulpior medyle 38 and/eanthettiecowmingaaracitaecs 42 as isdescriied M 30 on

b1 drhemita sl 9 e 2R cnmeaon! A oo he 16 20008 lES toatlgorBSME 8 nes
repr %@fﬂ@it}e %%;OE?HES% QJS%i%CW hie 1{:&%&&%&%& rthe]iﬁg@%?&@ﬁglet Qefepim a

pfarﬁ . ape or size o connect or e that the dashed
li N§Rjry iﬂ@fhe'léﬁﬁﬁb?ﬁfe'p@ﬂreﬁéﬂrﬁ@&ﬁﬁl an| Miranskish e 1eheftobf fhe powet er pr et ed

tolimt the scope of the connector 112. For exanple, an upper part of

t he cwanetodhd@4, i Girh, haininiged the anpetlantoana infectarse of thegfowten gonnEctiom 24ty
extend only down to dashed |ines 120 and 126 essentially form ng a cover,
ot haremnitdhe Keltage ragulatopmatiele 38 and/or ﬂw@ﬁomﬂ@glcep@zt?ﬂqer@/qqidghﬁfdé'é\}’ t he

ESBPed%Eéw]é%q%%vo{rﬁ%%@?%ﬁ%n Biebisumait oAb B nNE Bfc ror 3100 0
| he I C
orned a &rql\ﬁ%gt’or T%mfaﬂ Eﬁ%%fﬁ%ﬁ%%s%%est, Bfd sibdend 6 i of $a@bust he

22 to dastied T1nes
materials, depending on various engineering considerations. The various forms, shapes, sizes are

represented in FIG. 11 with the dashed lines 120, 122 and 124 on side 74 of the IC 22 and the
dashed lines 126, 128 and 130 on the side 72 of the IC 22. Dashed lines 120, 122 and 124
horizontally atign with dashed lines 126, 128 and 130, respectively. The dashed lines represent
various places where the connector 112 may end to form a particular form, shape or size of a
comnector 112. Note that the dashed lines are for illustration purposes only and should not be
interpreted to limit the scope of the connector 112.

For example, an upper part of the connector 112 that is located above the top 68 of the IC
22 may extend only down to dashed lines 120 and 126 essentially forming a cover, otherwise
known as a plate or cap, over the IC 22. In this case, the connector 112, formed as a cover, has a
bottom surface that is located coplanar with or above the top 68 of the IC 22. The connector 112,
formed as a cover, may further extend down the sides 72 and 74 of the IC 22 to dashed lines 122
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25 30 WD 03/028095 06 FEB 2006 PCT/US02/30593 and 128. In this gp@f,z[}cqg he
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corhebeipm Dot hoiGad tnd e uaRt 3ySn ither TRt PER 14, ' ' Str%%it' Wby
exﬁgﬁﬁo@%f‘r’[}g%ﬁ%@ Ghe bSO %Wiﬁﬁ&&ﬁﬁéhﬁmaﬁ&?%@ﬁ%f %ﬂiﬁ'%c?é‘ty

ot NBY WS ShoiNPHA BRSind 5_&@&195 b@.iﬁg Rited WREREN. t RRerhbiivedy, thdcdrikstof fEE, the
connéctor 112, forned as a socket, has a top surface that is |ocated
copbaned ayé bdilve@,r magbeMutiheithok tiesideAfic sides M2 a7 285 thE b 22c FdGet2Ar 112,
formed as a socket, may further extend up the sides 72 and 74 of the IC
22 itlostradesdodrd deteded D@staathnd he ¢amnetips 1 Ehdermediae acowerect or 112, f or med
as a socket, has a taop surface that is Iocat ed between €_ge bottom 70 and
the top BB apethenexamploan lower %h@féb@ mnnﬂ@r 112101 lagtodd B¥ g bo

O 1 PR etsai S b of Sadiet s SAuiad ity S5 hedf ShEEE 2 %op
I 22.
ilg'[ Jetﬁ %Jﬁo&f&g 2 8121;% 0%?%' &F@e{r £ Sf’ ;Instg%ckb\ét?e o hﬁ@ct@ﬁl 19f fdrifed a@a

e conne I's shown to extend

bGYébEﬂe SRsh Ppdarfade %ﬂls]&aﬁd fanbiGr AR or BElowsthe Bbitbi 0 ofehd 1T 22.pThE ed as
bei ng Ilmted as such. Alternatively, the connector 112, formed as a

s oClorinectoRy 1 fotmahas sdekety miap Surtteer extend up dwe side 72ruid 74 affthe Ke22 © 22.
FIG 12B illustrates a nore detailed illustration of the connector 112,

f ordrstiechings K23tk 128pyIn dhip pasedﬂamcnwrec@xdﬁ& formed pg aepckety Baza op Sﬂlﬁféc
tor 112 that | d d 74 of t
e SBALF 4990 bt e L BORGREO BEHOF PSS RHBRIC 22§07 Fifnegfor Dl dafmed: asr ound

a per| er t oesh 56

(o ST, Sy ke Wb e 72380 74 DPUBSP OB b ncl PR PG |
1’3 ttﬂ@%hﬁé%?ortl‘w R8naédsk @éﬁck@t”hisoaﬁff sifBce théd i Tocatd coplangswithed by

das ed |ines 122 and 128. The connector fornmed as a frane, may have

a bsidventhstopfGioef the &C 22s Notcthhethe bohmstar HéZ,blbnnchas7a)scm=ketl; eshb@no, ~ or

between the top 68 and bottom 70 of the IC 2 as represented byegashed
i negenblieyond caginsidada anhg4 ek therl Pobht &h@f}ldol% b pgerpried as being L

such. Alternatively, the connector 112, formed as a socket, may be flush with or inside the sides

72 and 74 of the IC 22. FIG. 12B illustrates a more detailed illustration of the connector 112,
formed as a socket.

By still another example, a middle part of the connector 112 that is located around the
sides 72 and 74 of the IC 22 essentially forming a frame, otherwise known as a ring or border,
around a perimeter the IC 22. In this case, tﬁe connector 112, formed as a frame, may have a top
surface that is located above the top 68 of the IC 22, or between the top 68 and bottom 70 of the

IC 22, as represented by dashed lines 122 and 128, The connector 112, formed as a frame, may
have a bottom surface that is located below the bottom 70 of the IC 22, or between the top 68 and
bottom 70 of the IC 22, as represented by dashed lines 124 and 130, and may extend to a top
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WD 03/ 028095 PCT/ US02/ 30593 surface of the PCB 114, if present, FI ngzc
06 Foh as

illustrates a nore detailed illustration of the connector 112
a frame. wpharesdohr ee exanpl es of the connector 112, formeglps@eser, a
frame or a socket, illustrate exanples of the various forns, shapes and

sizes that the connector 112 can have. Note 5 that tpe descr'@tions in

t he sexfacedithe RER &1 4 |itprasentt Ble 42k 1Husieafes apppredetaipt dluspralio Fi ption of
the cover blends into the description of the frane, and the description of
t he cOpBeREODI I HAMedtas a fFAME- descri ption of the socket. Hence, these

exanples jllustrate that e _con one or

nmore side %Pﬁfrﬁ‘ée’ﬁ%“ ?ow?ﬁ%e&%g?%f%d{%éc?gerfhe ||ﬁﬁsa%?glte?%n in FIG

11. he conn frseq% SUhd ablanmmh&Edmdketon ¢1 2igingve WiNoRo UL

i m1ﬁ3§qa§ ?"a_g’lg%@% ?%@gv%yuﬁgta ,’gg%g %y ave any suict:abl e charact Qri stics
51 nClHRie00 dethibliBH id thibkig1oyubode biad Gapdue atier. For crangloniludeicription

, Preferably, the connector is forned of a nonconductive, plastic materi al
and ofGRE £6 RS bRRAE RS et desaripgivalof denframe, saind tot destription ofithe fave blepdnindet s
that operate with the correspondi ng signal contacts 90 and Ffower contacts

92, thedpeeiptivelof fhecsackéte Hehge, these expnmes illnptrate fhat the spynectord 12 payhfect or 1

o dUbeaisB oty one ermoRca St i Comb aumour pungmned g TS RER WS 4150

Capact t anbee miePRsdrs MoK B0 GO e SOy TRluREe vABPERR I DLasticy o,
10, he. BB gt ey b B e e et vl i ng

the §UnGLbRRichive! PReferdBly! @8 QoiR@tor & EmeddLi rordBndurtivespladie mieenalphing
capaci tance 42, w thout havi ng what m ght be 20 considered a_conventi onal

housédigles dfpeorridie sighaircothats fmyt shawse) andaivaver centadie thatipagate ¥6th Whown) t hat

permt the connector 112 to be aligned and/or attached ii‘oﬂﬁn%lgfr
st r uctrtaspoiding siginakconidictstASuand [poret epntasts 93, ResPestively, carmisd by 4he Ha2<-anot her

t 140 (illustrat in FIGS. 13 and f ' ket
i e RS A G o S o oL
525, VAR AR 28 S et vt oy 832 o

i nte nnect or The nechanical features

| nC! Yelfreotth 9 Wiayl Beohald Bthe Bécdeplitg a?aatanposz,s‘tsemamingmmmgraand t he
| i ke "extendi ng beyond one or nore surfaces of the connector 112, and/or
hol egapatReReSecture. OTigls twaaltbmatives hicklesaribed irifurder detail belewo rAlsRRIVELY,

surfaces of the connector 112. The nechﬁﬁg cal features rrtg% fﬁrms\nséteners
t hertiel comspcteuti? mey ba fpmed a5 pp assemply qf} qr?tﬁe?ﬂso&mh@wc BRseRpR of ey
separate 30 fastene | i gned and/or aft. : . :
03/ 0zBlses TomyiptE eI ES OB S LR K S BRIOBEERE widcmighthe

20 1® RNRHer SO} dutBnd hobifig ol ect ri cal Iy and

The connector 112 may have mechanical features (not shown) that permit the connector

112 to be aligned and/or attached to another structure including, without limitation, the circuit
board 114, another connector 140 (illustrated in FIGS. 13 and 14), forming a cover, a socket or a
frame, the conductor 116, and the like. The mechanical features may be formed as separate parts
25 that are attached to the connector 112 or integrally formed with the connector 112. The
mechanical features include, without limitation, pins, ridges, posts, pegs, bumps, and the like
extending beyond one or more surfaces of the connector 1 12, and/or holes, recesses, troughs, and
the like extending into one or more surfaces of the connector 112. The mechanical features may
form fasteners themselves, such as snaps, clips, and the like, or may cooperate with separate

30 fasteners to aligned and/or attach the connector 112.

-43-



mechani cal ly coupled to the connector 112 in such a manner as tca aﬂgﬂg@pjﬁt he
signal connection 26 and/or the power connection 24 with the préf r
and/ or XO&¥MBOVve | ocations on the I1C 22, as described BEBEYRIZIPAE si gnal
connection 26 and/or the power connection 24 nay be forned as a 5

conduct or ThéGigahl @hnactinBa arite thd Bowascodaetioh Redredlestticalliheni t he si gnal
connection 26 and the power connection 24 are formed as a conductor 116,

t he mechrni¢adly cbiifleddo RERohfhectomll 2nintsutlea nseneras tabligmthe signabeomneaibno?d y t o
provide nechanical stability for the connector 112. In this case, the
Connwu¥ar the powengomsckiones vihdie pefereedrarae Altarostiveriacations prdbaill 82, whe
conductaqrs_ 116 that cariy the.signals apd the power, tq the XC 10 22. If
the fRepribed phayge ritherstengt CRATGEI G FRAVOT, ?E%Wcraoa%qthfﬂfrsﬁw HPrRERARE! o

112, t t 1 to b what ded ab th
5o 1 cotopinn a6 of fRA BCE R HSnAEioRA o Be used to route the i gnal
t. . , 22 .
o ng. t he Mo AESHEA cofeAUDl5 arHORG hoatebelo SAREE fpmod % bifulhor®2
1C togi &%ﬁne%%ﬁ@'z,%mgluamy%tm@wddtml%&fm%ekéadamgfts@e@ide i's used

to provide 15 an appropriate connection between'the I1C 22 and the cicruit
boar shediizhicdPsbilitaidrthe thtetiot @12 abethisldre, itlse donaedted] Iamwpe ba coldtddped 4som 70
of the 1C 22 and the top of the circuit board 114. The <circuit board 114
may #&heldey foritbe iC £9 pad fufthereaitaniocsal 1§ thattaanydhe sigudls gmd Bwgowier toeibad€ t he

| C 22 t he connector 112, and/or the conductor 116 including, w.thout
101 i mi 4t Hohe PRE} soreseattopsedde theaneqhanicpl Sability dor thesemnesios 4L 2y then iser at e

ith di i cal feat th t.i 20 st t t hat
U SUParird 17 PDmBre o Bhanmae iR seaf ar® ARG seat L1 007 Bnd' the

LLKe 10 Bnk oA Hof 198 Gy bd Mled W Iduifne SlaHAl déhiectibi 96 SR iGsovc MRy

be used alone or 1 n conbindtion w nnect or

| Nt epdiieBtidm 24 kS attFEEéA ROTHDY aﬁhg MeMohBudtive t&eaEI®, ONhdd the dirdgit BeAeCt o
112 is preferably forned as a socket or a franme to help hold and align

t he 1 grdsedeanlB2toagmhil bbatdneberdaCaddor powdr tsrfas 13agwefetdbdy isnised foqureville2 i s
| ocated in an inner portion of the connector 112, formed as a socket or
15f r anen appropristesonprskion beweep AkelG 82 aachie siergtibeacd pbd-t Prsterablys the misHarsct or

112 the perineter of. the_interf 132. The_.i,.nterface be

F or i inloghied heeen tihottort 1k e 16250 Bie ORBE P siiey Ppagd Hen ¢ he 1 C
22 as._a..Si ' . i nt . ' rt
Fr onfirgt o 344 My R PiOD DY G ch BB ilal e rel BB 0 SRREUGIE: 22

at t agRednhectbP €17, GndBr tH'Bh&EAN 16 BOIubIRS, With&h fiattatibs Zhdlss, tavesses| and a
separate part and is separate fromthe IC 22. Wen the interface 132 is

i nt egediltey i metanitdlly dobperh@ With asrrespending mechrnical fdabureneretheaeading32 nmay

be forned as the -44 Z 6 FEB 21106 WD 03/ 028095 PCT/ US02/ 30593,

20seni stouturs arthatiss separate E5tengs, SKKBAS PIng, FIQYS, PEBS, BRAPSHAIPSs; and tBe like ko

senm conduct or package 62, as , shown in FIGs. 4C and 8D, or as the PCB 64
or 1}14@35*5/%6?%%@%#}3@335%%?@-45, for exanple.

The interface 132 may be used alone or in combination with the connector 112. When the
interface 132 is used in combination with the connector 112, the connector 112 is preferably
formed as a socket or a frame to help hold and align the interface 132 against the IC 22. In this

25 case, the interface 132 is located in an inner portion of the connector 112, formed as a socket or
frame, with the socket or frame forming an' outer portion of the connector 112 at the perimeter of
the interface 132. The interface 132 may be formed as a separate part from the IC 22 or integrally
formed with the IC 22 as a single unit. When the interfgce 132 is formed as a separate part from
the IC 22, the interface 132 may be separate from the IC 22 or attached to the IC 22. Preferably,

30 the interface 132 is formed as a separate part and is separate from the IC 22. When the interface
132 is integrally formed with the IC 22 as a single unit, the interface 132 may be formed as the

-4d-



The interface 132 nmay take a variety of shapes and sizes and bkf Fpg 2id
froma variety of materials. Various shapes of the interface 132 as a

whol e ORy@93/h38@4svi dual portions may include 5 round, squgigyydpibde;si ded
shapes and the like, and the interface 132 may be flat or nay be bent or

L AT L P BBl 57
P b 255 R P A B0 SO RE e, Ryt
2V ARGAEL VPOt GOTBIL AB8 Sl b ARG g e 2t one

I N SPIBHARPYaFiBhs Gidpes b theBierbRedSS bt BR/HOId 6 B HdIPHuAl PRrRdiRMEDL Eiudei cs of
the material, such as the dielectric constant, of thée interface 132 using

5t emeeigd, $geare phekissided sapésdwnd the Kike, aildh éhe inteefaf a3 hBPberfiyt drandyoberbehtas a
single or multiple layers of material using manufacturing techniques

i nclardomgd teiltave atpattiomiar skdpen, a | ayered buil d-up approach, a spray or 15
vacuum deposi t ed approach, .an extruded appr.oach rim,d the |like. The

i nt er f acMawpiahpipperties gf the dntepfacerld 2 saaveinahide polids, Hidypastes gals ITEasEs; al s.
In the case of,. different terials first . mat.erial for the caprier
and ThesBaane ohibe mEEEP TRy e fy Bl drer SRofib e R heklu iy

mat er iLal ' ' R ghed @ the
fir§°“%£?sérb?%m#%fﬁ’g§%§%ﬁ‘@ e?@%ﬁ%@%@?&?ﬁ?grt ﬁg ed, "over nol ded,

10 St i tERGHact@Rsk Y A%atlonk & theQC PRSkaigBasd/bPG® cirddt b4 134, gndlcagiont act s 90
and/or the power contact 92 on the I1C 22, and correspondi ng signal

contiagiufadctaying. Tosvdte pplitains, ibmay be dB@RAbEA adjuitithe chdrectenstgsof tre 116, the
connector 112 or the renmpote circuit 52 may be arranged in a variety of

way gnatetial, suchrs!the diclestrioconstenis obihe dredtasnod vsmMEtHEP TS PrESSHR QT thige
interface 132 gay 1&(gcl ude,. wi t hout . | im t at i.oCe, coné ac{t .t];) inot erface 132,
contlikes: khs inferiaeé hdampy befoymed 3 3ssls ormpliipledayess,of Mategalusie « o i nterf ace

25 132, dinterface . ' . - £0, 1k

o arrmietyne PERalies bt B0R iR 2Nhoakg bIA-BhSHpSRM, k3t r

i nt ited HPRiadk lan kidddd @ptdakR; ankdeREBke. t TRe indr€ickdee makdE may be
15for ?rééggﬁg{%dtjcﬁés%ut%? s?u}ri’fagce of théJ I C 22, PCB e64 o? 114, the conduct or

116, fokiaed of thensasicanatérifl oo diffeent mextertads. dnrtieiase 62difforenbmatapialeed fisgg an i nner

| ayer thereof. Electrically, the interface 132 nmay support anﬁ 'ég/pe of

si grmbienigl forms diecvannerand arsceand material forms the sigpdAptlier ppwerpath.3dhesccond

75 S5, oM L0 LSS0 588 OB O8L
| NS 868 57 BR M Ried, BerthIBE, HRRLAGHE uRdu@nd/ or the -45 0 6 FEB 2006 5
20 The interface 132, the signal contacts 90 and/or the power contact 92 on the IC 22, and
corresponding signal contact and/or power contacts on the PCB 64 or 114, the conductor 1 16, the
comnector 112 or the remote circuit 52 may be arranged in a variety of ways. For example, the
various arrangements of the contacts and the interface 132 may include, without limitation,
contact to interface 132, contact to interface 132 to contact, interface 132 to contact to interface
25 132, interface 132 to interface 132, contact to interface 132 to interface 132 to contact, and
contact to interface 132 to contact to interface 132 to contact, and the like. Hence, the interface
132 may be formed on the outer surface of the IC 22, PCB 64 or 114, the conductor 116, the
connector 112 or the remote circuit 52, or be formed as an inner layer thereof. Electrically, the
interface 132 may support any type of signaling transfer between the IC 22 and the remote circuit
30 52 including, without limitation, single-ended serial, single-ended parallel, differential serial and

differential parallel signaling. Further, the interface 132 and/or the signal contacts 90 and/or the
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.30 WO 0 310 28 0 9 5 PCT/US02/ 30593 power contacts 92 and are [fpsipfitl to
optim ze electrical engineering considerations including inductance,
capaci t JRENVEPVss-tal k, propagation del ay, skew and i npeREK{BS02/3953
interface 132 may alternatively be used as an interface between the |IC 22

andy g cofAREU! Ad abd Gesifitd t6 OPHREiQlectial @ﬂggaamg%ﬁsm&aﬁmsaiﬁcmﬂaigogous

manner as described wwth™ reference to interfacing to the circuit board
114ndddtendentapabtace] Sidss-mil; proaatidredelat, Rkéwand anpalusce. t ypes of si gnal
interfaces |listed in table 84 as shown in FIGS. 7A and 7B. For exanpl e,
when t heThé mterficecd2iB8y altermadivpht hehised aé o inttéréace batheen itheel G Idhandthesi gnal
interface, the interface 132 preferably fornms a nonconductjve pateri al
caropidnetomli] 4.ithe eonnestor 412 andarniaeriI(dn a8 gralageus atner apdesedbrshwitho and

AR S SSEL B8 Sl 0 0 bR TR
SO Bl et RIFA0NE s AR O  EL YT s hEEECe,

co : | A n ' iste@A&E32t he signal
COE@%@%‘? Sggésrace %tg’?ée‘?ggl y rragf{elé%‘%qﬂ%% Qfﬁ%ﬁgﬁgﬁd&’eﬁ%r@ GS| de of the
COongheferabl@ fitha £AomadRMive Matered) @ir}ing SnsitipRdiscrété ediluctive sbgmentstant si de
of the conductive plates (not shown) would be provided on the circuit

boagairetpdind Mleid dliga witlt theflauation 3P thesigmbparitadis B0 thiat fretchmpatitia ovith/bet ype of
signal interface, the interface 132 preferably forns a nonconductive
nat @midattivetype of sigoal intepfaee. pWbede the intenfage 13hiscdomwstible vith the sapagifve t he

interface 132 provides, an_optipgal separation between one .conducti.v

el ebpROf FigBAl 1BHBARS: theinlerEice ¢33 Prefeably GTme s SeMOPrGEALAYHE A SyiEle

sho [ n or _on.th I i oar. he_ | . ' gDl e
W t eteﬁ cocﬁ’lnft@ﬂf Qch%gm{g?ﬁsl{ra%eg?m ﬁ%detr g‘@g%s' '?%(ltaﬁ : ?gﬁ%’gﬁgg@%ldggta%r ef erably
for f{f&lg Rlddeals &3NS ProRaOtnEHaN e cONRIFS phitds HBSdedABPRIpaBitve sRRART Y
optical signals in theformof nodulated |ight waves. Alternatively or in
CONRiiidér, OMhewthér didkeof thetomiaktite platesisetishown)aouid be prdwedédarethb gireuit 32 may

be used to align and/or focus the optical signals between the I1C 22 and
t hebaardddi#t board 114. When the interface 132 is conpatible with the

T Lt
B T e

they); i ; ides aA pAmbal SPERAEY béffekn 6hebaaluctvé t abl e
fOr%g@%{.?%%%ﬁ%ﬁgﬁi%ﬁ%@%%g%@%sIa% 2 to the circui tnboard ff4 The

i Nt glefrRae(nbBZhovw) BAROET 22 madantthdr cohduapive lebyeent @i shoven)sit envd Gre circuit
advant ageously permts the operating frequency of the mcroprocessor to
i nchearde WhenthetintgefaeeathiZrig compatible avghithe optesl e pEsigpajgsterface, the

interface 132 preferably forms an optical transmission channel, such as a lens, adapted to carry

optical signals in the form of modulated light waves. Alternatively or in combination with the
optical transmission channel, the interface 132 may be used to align and/or focus the optical
signals between the IC 22 and the circuit board 114. When the interface 132 is compatible with
the transmission line type of signal interface, the interface 132 preferably forms a transmission
line interface or channel to provide for a proi)er impedance match between the IC 22 and the
circuit board 114. When the interface 132 is compatible with the wireless type of signal
interface, the interface 132 preferably forms a radio frequency (RF) channel suitable for carrying
the RF signal from the IC 22 to the circuit board 114.

The interface 132, in cooperation with the package design system 16, advantageously

permits the operating frequency of the microprocesser to increase without degrading the integrity
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WO 03/ 028095 PCT/ US02/30593 5 10 15 20 25 30 of the signal r E%dn@[f
the interface 132, formng a dielectric material, and the packapglﬁ d gn

system %05/&%@5”9 conductive plates as the si gnal cont ag,t:%/[%g ds9get her'
provide a capacitive type of signal interface. In this case th

resi stance due to i.nductance, associated with the conductive

| nt cidbnigesl dier sawBlenthe mtelé‘m lcanma diclecirisanaterinli and the package

of - FBiedsvs a1 08 t“egt’ﬁ)upﬁ ﬂgqsg,mﬁ%“ogéc&%? 03 ”q%p‘éoﬁ%ﬁ'sfvirtéﬁe
.““nt egttﬁtﬁtectﬁ%%f@%n cﬁi G PR
per fige E&Eﬁ%ﬁ@@%e Qﬁé&éﬁbt%eﬁ @Mﬁt&&%@@%ﬁ% ‘f“?ﬁ@% ¥oclé§s%9 to

achi ev spee Igital signa esi gns ustra

conngtipg mbﬂ?erbéaﬁam@@tnﬂﬁn@ecmy@g capABHRE Bypelt s anﬁt:etﬁbe.lﬂt?%?t@eﬁ;ueﬁd e
parts that extend beyond each side 72 and 74 of the IC 22 as an upper

par tsigiishbpératiboantydd traabbired tvithottapcrésing thelimpédan22of e dignalpath thawer part
that is located flush with or a little below the bottom 70 of the 1C 22.
Pr efeomyspmises Hee intagnisiceohe sigpal. filangedhisconstaistier maximizenthd perdipimange and
sides, ,(72,,74, one side facing out of the page, .one side facing into the
pagé?mé‘F“zlet’fEe Fest 5 int qm@nneg%@%]pqgﬁc@@@edﬁggcﬁg@m&gglgs%qéhglta} sepdnef i ¢ al
when the IC 22 is mounted directly on the PCB 114. FIG 12B illustrates
an €€ on view of the 1C 22, as shown in FIG 11, located in a

connect o 4 NOfARGasd SRR 15, BREQT SANGHe wv{r{zré.ﬁam%ﬁt&ttmz has

enbodi nment e present 1nvention. FIG 12B ustrates the connector

112, sﬂ@%ﬂi‘%&h@ﬁex@eﬁi Osdyeiid eadh @idei 72 dnd e 4caMREIC 27, hdd Zn upial peit tent palobated hat
extend beyond each side 72 and 74 of the IC 22, has a | ower part that is

| ocadbeste ﬂtmetbp\ﬁStdféhd:)KI IZamdhag hbweCpa2 thai iolobeied Hushupitle or phittle teheaw thes

| ocated flush with or_ a little above the top 68 of the IC 22. Preferably,
t he Radtonedq of thfﬂ@ 22r &rﬁ@eﬁbbs the eqpageder 1 %ifqrm?ﬂ&g a gpyers gousdiyeld four siles 72

o0 3507, LAEH0R B Bl e PR SE: BlE 1RTHEPsTL Bt 1 2R, OF e 1 C
PCB 111;23@ ﬂg?e?e aﬁbﬁ:ob& Is%eggﬁ:lalls\h ?@CI g{m V\Ez’ﬂﬁ& FHEETE}" r?tﬁt@Pé?%- The

connector as a soc

di rectd.y nmounted on the PCB 114 and the socket carries the IC 22. FIG
12C illustrates an elevation view of the I1C 22, as shown in FIG 11,

| ocat ed i G 128oilinsttates amciovation vy efsthe I€ 23nas shownee BHdalic boajetln ghe
preferred enbodi nents of the pr esent invention. FIG 12C il lustrates the
conrféeneiton h 1 formedaga sackst inagperdangsayid) the prferzestrakadsments of the present

invention. FIG. 12B illustrates the connector 112, formed as a socket, wherein the connector 112
has side parts that extend beyond each side 72 and 74 of the IC 22, has a lower part that is located
below the bottom of the IC 22, and has an upper part that is located flush with or a little above the
top 68 of the IC 22. Preferably, the connector 112, formed as a socket, surrounds all four sides
(72, 74, one side facing out of the page, one side facing into the page) of the IC 22. Preferably,
the connector 112, formed as a socket, is mounted on the PCB 114 and carries the IC to PCB
signal and/or power interface 132. The connector 112, formed as a socket, is beneficial when the
socket is directly mounted on the PCB 114 and the socket carries the IC 22.

FIG. 12C illustrates an elevation view of the IC 22, as shown in FIG. 11, located in a
connector 112 formed as a frame in accordance with the preferred embodiments of the present
invention. FIG. 12C illustrates the connector 112, formed as a frame, wherein the connector 112
has side parts that extend beyond each side 72 and 74 of the IC 22, has a lower part that is located
flush with or a little below the bottom of the IC 22, and has an upper part that is located flush
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has side parts that extend beyond each side 72 and 74 of the I3 @y lli&s a
| ower part that is located flush with or alittle below the bottom of the
| C 22, 3HA0HAB0%Y, upper part that is located flush -47 0 ECFER2R20688B 5 10

15 20 25 30 V\003/02809 5 PCTIUS02/ 30593 with or a little above the top 68

he"'6 55 il 400% SPINAG g 1G22, AETRERREG Npinsd & PRISE S1Rhencn

el ewhbn @ 10 BMisAdirdetl Mdunted.ondthie POPMI4.N FIG 11, coupled.to the renote
circuit 52 located in a connector 112 or on PCB 114 in accordance with the

pr ef er r e@IGeliiklistratet an elevitiva yiew € tiie IC¥E @k slwwn HHAG: ¢ hptoaplidrto the 52

I ncludes a renote circuit signal connection 134 and a renpte circuit
powemaio nirewit 52 hock8HE inaredniestord 12ep onPAB &lbibt acoondin@, witinthe peefdred 148 and
150. A connector 140 is disposed on one or. nore sides of the renote

ci r embedigents ofifhe pegsertdnvantion; The pemaly ciseuit 34 mchdeny ramete cBANESEBA 140 or
may_ be noun

e eabut b4 50 FaRde 55?%9%6&%&”3%%333? ke L 2 St s and 32E§,
o orHBEl S 150, A TRl 190 ICBb S oh Bl or Bipre iR BRIt Fitlht 527, 1

CONPRE trnte tRbuiR B?.' e daﬁ*f@attgr thk E:Shﬁéctd@q\ﬁ@ lor ﬁﬁ'j} e pldudiedloifa PEREl f4c34 ur es,
characteristics, tions and operation analogous to the IC 22, the
CONRBLEtirddilio PUB mgﬁaeaﬁcaaq)ob&i‘,mtbﬂf@aeti@ pkdvided puths totre@e QI@dls@uﬂmnl t
signal connection 48 and the integrated circuit power connection 46,

r espeett, vespytivaty, betweenitedPCRHddand tire moubite ¢ioovit $2h & heirgmate dwsnitdes then 26,
formed as conductor 116 or as a PCB trace 118, . may transfer_ signals

be; mwf@?w%dbemteﬁmeeﬁ&mﬁﬁ&ﬁ bt bl reppte ﬁéﬁ@kﬁmwlawah?‘m b%ﬂluie'(f@) 72
74 | C 22 146,

o e Qi Bow e Aiopag HPS fpY ﬁﬁ?féctsv%aa BRetion apl pReeafiy " e

oL IRBoS RIS M R002 Sk Eor BHIPT) A Ihinfdich 135.3nd PERATY, 1l #E‘%%‘%P?Qﬁ.f

52. 5igha! RANEIHorIEa the hittatedl irbEitp@Ferdonfetdion 48] redgdtivél] Hdbsasbed
conductor 116 or as a PCB trace 11 maybe coupled to the any one or nore
of &lbwvet op 144, the bottom 146, and the si de(s) 148 and 150 of the renote
circuit 52. Preferably, the power connection 24 is fornmed as a _conductor
116 and &wegdiienghasnelsonpretion 26( formed gs sondueiop 1 I of 3 PERdtase dilBcui t 52.
Note t

ayqxa.nsfer signals between any one or more of the top 68, the bottom 70, and the side(s) 72 and
74 of the IC 22 and any one or more of the top 144, the bottom 146, and the side(s) 148 and 150
of the remote circuit 52. Preferably, the signal connection 26 is formed as a PCB trace 118 and
transfers signals between the bottom 70 of the IC and the bottom 146 of the remote circuit 52.
The power connection 24, formed as a conductor 116, formed as conductor 116 or as a
PCB trace 118, may be coupled to the any one or more of the top 144, the bottom 146, and the
side(s) 148 and 150 of the remote circuit 52. Preferably, the power connection 24 is formed as a
conductor 116 and couples power to the side(s) 148 and 150 of the remote circuit 52. Note that
the power connection 24 being coupled to thg remote circuit 52 is an added feature that is not
shown in FIGS. 1 and 2 for the sake of clarity of those two figures. Typically, a remote circuit
that is active requires power from the power delivery system 12 and a remote circuit that is
passive does not require power from the power delivery system 12.
The IC 22 and the remote circuit 52 may carry the same type or different types of circuits,

including, without limitation, microprocessors, digital signal processors (DSPs), memory devices,
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t he power connection 24 being coupled to the renbte circuit 5@girgpg dflfadded
feature that is not shown in FIGS. | and 2 for the sake of clarity of
thoset Typically, a renote circuit that is ires
power fr Mﬁéﬁﬁ)v\er delivery system 12 and a renote ci r%ﬁ‘l{d@ﬁé&g?

passi ve does not uire power fromthe power delivery system12. The IC
22 amzﬂlcmfsua]amﬁccﬂmms,t usGpinterface deviges, hed sayrbe agtpes tiIWICGS ridiorprssivgpes  of
circuits, including, without Iimtation, mcroprocessors, digital signal
pr ocdayiesss (DSPs), nenory devices, 0 6 FEB 2006 WD 03/ 028095

may be. achitveiits edes bR Gl Hhar B pCR 14 rihe 6 P ST h sy 154
R A 2 A 0
5 ar e nppRtetle a1 i NehaGARE s@ﬁ:ﬁ cbiflectibR 98 ahfier ﬁieg%a)er EQREG4A @o{‘m%ﬁ g@ g‘é{sor

he power connectidn 24 may made via the conductor 116 or t

t I acadelBia thEshduber | (5 812tham¢_13t fgel 198D Vehat the UT 02 27d eetremiotiitifcadt Sdidké er ent
PCBs, then the signal connection 26 and/or the power connection 24 may be

mademvingted deffarom @B theh 1ife signal icamR@Bom 2aand/orih8 poweraaneRCR 24 mhy he
conductor (not shown) formn bet ween the PCB traces 118 on the

di f fwadeviapepeondugtorth &6 eoviad 303?.8. rﬁ) &ﬁy e RGR agtha qopdpgionigt favt he

tor 140 t th | C 22 dth t
glo::] (r:] : %?JumﬁaezPg@fsekgg'f@ﬁ%gg%cﬁﬁé’&tﬁ? dl?f?ﬁenéhgﬁt‘he conﬁgct or © rléel(r)m rrgy be
f d t y
0yged sopDRapaipbnd iy B9t S8, FRRIE WAL oMb 4F 190 of 5 FETORNAEH, 01
any & @6 QQ 436 QZ%H%ﬂfotel&%mt@y @%r@étfv@ﬁhﬁﬁ croﬁn&ﬂ}f 18hdad e éd?]ﬁector

connect or 15 The interface 132 may be’integrally forned wth the

i nt er4(p@ey b3 Forasedas Skprgite phrtd @1df theenlectianidaily latthdhed tdCedth calm, drhsed enot e
circuit 52. Alternatively, the interface 132 and the interface 138 . may
be fsmpamttins Veepdhapatsyae meckaniballyaftachsd e pichathey, aptsadshelihe eormgeter dther |
or used segaratel y- V\g ﬁ&l rts 2{)6 mechani cally attached to each

ot hewmay haytiaghed topny fide éFT” tofd90.my be attached to any side of the

5] N erace 30 cdlet gghOugq%ﬁgt'eg%auﬁofnhémmg?&eqﬁtgﬁg& 15 8% e WG ETY &

side e arrangenent,
hot bﬂh%@f@zﬁ AndP the! rbﬁbk%ﬂc&@S@UMeﬁi%u@élzaﬂﬂg%ﬁ&@ice 13&’raﬂattﬁeclﬂtarﬁce K1 C 22
and the renote circuit have any physical arrangenent relative to
eac hm@ay e fornf@l aseyparme @arts Jmﬂ théh R2chdaidcallyattacndte eadhrathér; ookedagpanaely. a
stacked arrangenent, as shown in further detail in FIG 14. Further,

al t hbllgh the matsl@e melchmmaw@ﬁa@frﬂyo eagh afhercant sde of the intenface 82 K@Y2Z and t he

renote circuit & tﬁ i%é |3 not intended to be limted to only two
ci r cffached tqji“}}’cﬁtl e ¢interface 1d8her of 1Cs and/or rempote circuits may

spoperate t @g;tﬁ quﬁég&&eg%g@{c Ef%ﬁ%ﬁ@i@%ﬁ@&& 85 h@%ﬂtS%acH&ﬂ&llhgns and

operation ween
side-by-side arrangement, FIG. 13 is not intended to be limited to such an arrangement.

Practically, the IC 22 and the remote circuit 52 may have any physical arrangement relative to

each other. For example, the IC 22 and the remote circuit 52 may have a stacked arrangement, as

shown in further detail in FIG. 14. Further, although FIG. 13 iliustrates only two circuits (i.e., the
25 IC 22 and tﬁe remote circuit 52), FIG. 13 is not intended to be limited to only two circuits.

Practically, any number of ICs and/or remote circuits may operate together using the same

features, characteristics, functions and operation as described above between the IC 22 and the

remote circuit 52.

FIG. 14 illustrates an elevation view of the IC 22 and the remote circuit 52, as shown in

30 FIG. 13, coupled together in a stacked arrangement in accordance with the preferred

embodiments of the present invention. FIG. 14 shows connector 140, carrying the remote circuit
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remote circuit 52. FIG 14 illustrates an elevation view of thert)@g and
the renote circuit 52, as shown in 30 FIG 13, coupled together in a

st ackedwar sxnngensent in accordance with the preferred entraii/vsmiissef the
present invention. FIG 14 shows connector 140, carrying the renote

bet 19 trisgApedeQ b Siilop b SpaRisrd 2 e P C O, TR ot =
They b B 16018 38 biiflr réfofERirclf 152 deﬂilefcgmﬁ{bﬂf«r;ﬁE of OTHBEB Giab&d\inbt 152 Vi a

e conduct or 6 or via PCB traces (not shown). FIG 14 shows vari ous

Si iy ORNGC 4 Sitsw s faridislsighalRRNRECtions D6 ahd/onpoveet chfvdctiony 24 that pyHiebl e
when thé IC 22 and the renote circuit 52 are coupled together in the

st asdseible wheadgeie2 andlthe ratateloirduia 52 aregewpled togettwd unthestpsbad f or
partner, cluster or naster/slave types of 1Cs that are substantially
dedircatgenient Ve ftackied arrangsment freadvabiageans doppastagy elistss pa paster/slaveotypes
optim ze the cost and/ar performance. of the indivi duz%% S%{H condyct or
packil§isshatswe substantighy dedieated iovorkavitheachqther butisrepacsascdiePrdilb Messor s

and n"en:or){ devi ce F

o <ontimih s Gagt R0/pp Recfamante ofhe indtvidil el Ritdchec SLERREAR | o

13 1 eac | V, I nﬂR? 8 and decoupling

cap&sl ngngg’ ‘ﬂgh%ﬁ\sﬂﬁ@g%%nh@kcv%?%%g&ggggﬁ eons ;dhﬁg%éor dance with the
preferr eﬁlﬁ@?ﬁj'l'ﬁ?m,sl 80ind 1FeachiBSBte aWeMtioANiew 6f ©370 2fandhRe femote
figures, the I'C signal’ connection 46, the |C power connection 48, the

r engik&iCs 7, Geishowh GNBIGS: dBre A% exeh hadingtaheltagemgelatir moodule pHaed dewonplkeg i on
136, the reference nunbers for the top, bottom and sides of the IC 22 and
t hecapanivdreecti2rdispdsed 2t vagious losationsdn egeordanca wvithethe prederred fankodimgnts ipé the

lines for each connector 112 and 140 _are pot shown far e sake of.

cl apesgatinvaose If Ptk ashest hgaseg e C gL PR osea e 100 fofndtion
connection 24 are. eachy illustr ' i of the
o 95 W BetnE P SRE connitilond e TmaSledn EPURLSah RN IT BE P
fig ' 8ot RN sRIGBLMENCR220d WsHeRotd BiecudOS® and the
con%@?%%ﬁ%B%%ﬂb%eé%p?ed to Sone or nore sides of the IC 22 and/or
t herdfeeREEnGinberdifbr the sixabsisaislares fackagh ovtecibné$2 afid V40 aieguot steowmior dtbuce
new system bl ocks including a voltage regul ator nodule 154 and

dec gakel dfofarity pa dicsafigared. 58 that are not illustrated in FIGS. 1 and 2

above for the reason . . .
The signal connection 26 and the power connection 24 are each illustrated as being

coupled to one side of the IC 22 and the remote circuit 52 for the sake of clarity in these five
figures. Practically, the signal connection 26 and/or the power connection 24 may be coupled to
one or more sides of the IC 22 and/or the remote circuit 52, as described above.

These five figures introduce new system blocks including a voltage regulé.tor module 154
and decoupling capacitance 158 that are not illustrated in FIGS. 1 and 2 above for the reason
stated in the description for FIG. 13. The introduction of the voltage regulator module 154 and/or
the decoupling capacitance 158 provides synergy with the voltage regulator module 38 and the
decoupling capacitance 42 by introducing a variety of alternative paths to route the signals and/or
power to the IC 22 and the remote circuit 52. Solid lines represent the preferred path and the
dashed lines represent alternate paths. This synergy applies to each of the five figures. The
synergy relates to the specifications of the remote circuit 52, the voltage regulator module 154,
the decoupling capacitance 158, the IC 22, the voltage regulator module 38, and the decoupling
capacitance 42 in an analogous manner as that described above for the 1C 22, the voltage

regulator module 38, and the decoupling capacitance 42. The specifications of the IC 22 and the
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stated in the description for FIG 13. The introduction of the[]gcpggamﬁ
regul at or nodul e 154 and/or the decoupling capacitance 158 provides

synergy%{):{}%t?};% vol tage regul at or nodul e 38 and t he deq,gqmsioﬂgosgg,
y

capaci tance i ntroducing a variety of alternative paths to route the
signals and/or_ power to the I1C 22 and the renmote circuit 52. Solid |ines
r epriemete citdnd 53 wpisaltedetpmine whethenene Qratgflﬁ‘é’@ﬁﬂg%@g‘ﬂﬁ@ﬁﬂé@éﬂsﬂs o5 hsthest e

hs. Thi [ | i h of .the f.i fi. .
Pel rieor o cRoOs PRI B IR. Mrrusibt reonit ST et BT ER
| at ) 4 the d | ' ; a th
Vo gty Uit e tele Ses B ARARE b aARBfnd lbucidifes g | 10
| . | f :
"o RBh o BT BF ihBeimRarljoRtnPRkie LRy, b ot lbodfabopEHYA B ati ons
5 of t@ﬁcih%%s%ﬂtﬂe@@moé@h@mﬁ@ 57 afel 2000 MG PEHEPBO 8EnRETIt022 BOGAR r enpt e

circuit typically determ ne whet her one or two vol tage regul ator

M duhe soREgerBellaRE madne: 3¥ andive titedaopplinpcapagimnte 4haleng it theltZled. The
physical proximty of the 1C 22 and the renote circuit 52 to the voltage
r eguDthiepwiseibe kasotacitcuih 52 thestowsplits ogncmbiase reghltats madulg b4 apd/qrdbe or to

m ni m ze the inpedance and resulting voltage drop, as described above.
Hencfiﬁmﬁﬂéﬂ§09@9@é411PPéé$-i ons for the remote circuit 52 and the 1C 22 may

brdror t hobeEaRssrrRAELpadte B0 Rofouplig ek AR oyie il R 8\
10~ ”‘%&ggﬂe 18y 'a}uh‘agpt g@r‘]%{épl%gc_abélggtaﬂm 3¢0rt 3RSt RO Allar et fehd &hnaaef or t he

deco iI'ng~capaci e voltage regul ator nodul e 38, the

decoppl bocRP ﬁﬁishﬁﬁ'&?plﬂ'gose& bly\al faghe ssigifatarity of e doavings. 154 desdbede
decoupl i ng capacitance 158 are shown in a particular part of the connector

112 sove4dtd eferchdeus FiGt 11oeaghunfhese sleomings may b¢ incatedén suyparbgf thearity of

t he drawi ngs. As described _above with referenﬁﬁ t%&rl %f lté ﬁ_each of these
el enemmsctonylber L4tuebdine, withgutipitation, theeoveofhh spikst aad(or B iR a5

I ncl udi ng, w |mtation, the cover, the socket and/or the frane, as

shomﬁhoi“ﬁl’lﬂlfgléstﬁg‘kg Bl@%“‘if‘éﬁlzc 15 FIG 15 illustrates an el evation view

of the | Bl IC32 apA MWW elrdte dihda 5213 Powhdn each
15havi ng t%‘o tglgu%tq?ﬁgggﬁp‘g%‘%rtﬂrlro%%f%élgnd 154 ar?d tehe decoupl i r?g

capapjt@nBeordid, 8ith Havthg th€ dblegde réxuldier wodule 68 and 132 amhihe HéGyuplingpect i vel y,
in accordance with the preferred enbodi nents of the present invention.
The papaeitarbe 42wyl 58 otatmhin Thei conpenier K@ and 14Phwespectivelys s agpasdanse wer t o
the 1C 22, as described with reference to FIG 2. .As d}?%cri ed 20 gve
wi t hthegfrefernd embedimpants of the presqit EFvepteRy 'E%WP"Y% iy gH SYSFTdgds qURlF Y ¢ ent
power de]jivery is fromthe r Suppl V e Lgdgor
modufhe Ig%i%/‘ioe&f’}?éle ;5’8?68{%3%?1%(52?’%8 Heﬁfgi%ﬁé ."ﬁé“ Ileféﬁéedagtt)on 15%: f?2(93 rAi% or the PCB
frac i 46 CAL Blerdheed! frlh 1th2e, Q6w lcOieMQPolirg Belivehy h
20cur r e%‘%‘;eg‘ﬁ‘\k‘é?&%eég? #?reﬁg}cj)w’er Eonnecﬁ%g% 40@gag‘i%nggt he conductor 116, then to
the h@r@%e%ﬁe?%pply 34 to the voltage regulator module 38 via the power connection 36 using
the conductor 116 or the PCB trace 118, then to the decoupling capacitance 42 as Jow voltage,
high current power via the power connection 40 using the conductor 116, then to the IC 22 as low
voltage, high current power via the power connection 44 using the conductor 116. Also as
25 described with reference to FIG. 2, the voltage regulator module 38 may be alternatively directly
coupled to the IC 22 as low voltage, high current power via the power connectton 54 using the
conductor 116, without using the decoupling capacitance 42.
In an analogous manner as describe with reference to FIG. 2, the power delivery system
12 is coupled to the remote circuit 52 to provide power to the remote circuit 52. The preferred

30 path for power delivery is from the power supply 34 to the voltage regulator module 154 as high

voltage, low current power via the power connection 36 using the conductor 116 or the PCB trace
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vol tage, high current power via the power connection 44 using &hegp 2006
conductor 116. Also as 25 described with reference to FIG 2, the voltage
regul at avomedzdoes 38 nay be alternatively directly coupl epctsédnpséC 22
as | ow voltage, high current power via the power connection 54 using the

anal 5b et the HedciBithe Ui Ralcdt s BERAP kb fithe BRARM AR i viale POt very
SYSt edfinedtforl $56 B4Rk Bk ddddbéter [ RIS 16 i roteodrduft 5%3‘4{:9%&9 high© the
remote circult 52. The preferred O path for power delivery’rs Tromthe

poveturbdaP pbies ¢ialthe Ebﬁeﬂ/@dme@ﬁmnw&sﬁigqne oRfcRr 199 Akolth@h aMglbiage, | ow
current power via the power connection 36 using the conductor 116 or the

PCB tnaate as ésdiie wilBrafoficad KIG, D AR 961t RETLLIBAR BOTAR 1533]tetnaively andyhe

decoupl ing capaci tance 158 as | ow voltage, high current power via the
Spowebe dizentiyeronipled to3ie remiaie cirtvat Boasdowtveltage digh tyerent powérevia e woktageci r cui t

52 as | ow voltage, hi .current power, via the power connectiqn 166 using

hi gh I )
t he EgHBtRsmapduls ¢ rw@s CITLPOVET LOBRRSHEN 16 HFBE thescopduetpr bio, pithqut using

refe eg%fe to. FIG 2t th? %oltage regul ator nodule 154 alternatively may 5
be d up Padtange (4% renpte circuit 52 as |ow vol tage, high current

. OW V( "
750- usi ng PRERRHE PSRRI AL s TR GO ol bR SRRET "
158. ndld:ap B B¥Rupling BapacRhi3q88 KRG bniiBebh $65 8sifB hedhiysor 1 ®or,

vol tage, high curren power to the decoupling capac??ance 158 via power
10conngledrharivelq Airestingp theeemoteciretiv 52 Yitthe powed ébmabitims a6 wed Y60 adsingtdd y to

the renote circuit 52 via the power connections 162 and 160 using the

condecendyetot 166, withpusursingsthe goltage regmlateymodwdg 1541 dtermativiely, thg decoupling

Alternatjvely,  the decouplin capaci tance 42 may. del jver | ow voljage,
hi ghCaaFitaee 43qway d %Eﬁfwgf‘ﬁ%ﬂe{ b Surer @oer etirdtyds thg gmofgiEqult AL

ion 164. usjng & o .

C ooupSy i Sbnatiet bl g AN £ el Wi end BB RIS B8 154

FI G oﬂﬁed&}ﬁ?}%m%gg‘g{mgé%my carry only the vol tage regul ator nodul e
only t &c

38, oupl 1 ng capacitance 42, or both the vol tage regul ator
15nodul e 38Hafck, tAFIGETH Rt tdigiectoAPE Inhp Aty édly tid voltage rsguldibramodla g} or

140 may carry neither the voltage regul ator nodule 154 or the decoupling

c apaoilydhe dechBp)ing nhpacmecect, ooty Siewdtege ragulataranodudei3$ and ths dgeripling

decoupl i ng capaci.tance 158, or both the VOlt@@?éﬁeg | at or dul e %Si gnd

t he GRRGEUHICE - A0malapsclbe shrmectos 840 My camy pPERArdhe YRiter s ialoidrAdile dn

OeDel e R EFEL D SOOF S B RO Y
! Ctkdyag i o5, 5 A Mol! it HioU 0L O
20syst eipaditancetlss, TR paeticildrkisirdiasoibinatioh @Gepdifilsionlvasibunséipinearing| evat i on
view of the IC 22 and the renmpte circuit 52, as shown in
considerations including, without limitation, the types of circuits employed in the IC 22 and the
remote circuit 52, the type of signal interface used as shown in table 84 of FIGS. 7A and 7B, the
desired characteristics of the thermal management sysiem 18, etc., as described herein.
FIG. 16 illustrates an elevation view of the IC 22 and the remote circuit 52, as shown in
25 FIGS. 13 or 14, each having the voltage regulator module 38 and 154 and the decoupling
capacitance 42 and 158 located on a conductor 116 and 117, respectively, in accordance with the
preferred embodiments of the present invention. The power delivery system 12 is coupled to the
IC 22 to provide power to the IC 22, as described with reference to FIG. 2. As described with
reference to FIG. 2, the preferred path for high voltage, low current power delivery is from the
30 power supply 34 to the voltage regulator module 38 via the power connection 36 using the

conductor 116, then to the decoupling capacitance 42 as low voltage, high current power via the
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25 FIGS. 13 or 14, each having the voltage regulator nodule 38 ?991m54
and the decoupling capacitance 42 and 158 | ocated on a conduc@or 116 and

117, re j , in accordance with the preferred enbqgi f the

pr esent S\Qﬁ\cpé)ﬂﬁ%(l%. The power delivery system 12 is coupl ﬁﬁ%ﬁg‘%ﬂ C 22
to provide power to the IC 22, as described with reference to FIG 2. As
des cpawee domiection #efusingibecdndudtbc 162 thentie therl€r 22 asldwpettagd, dighdugient ol t age,

| ow current power delivery is fromthe 30 power supply 34 to the voltage
r egupceren viarthe poweBgonricgtiothd! wringihe éwﬂ%@ﬁlgﬁ- 2dsa a$ fﬁ‘gﬂ hed Wl%orﬁ&ﬁ%rw 116,

i 2 TG 2, s popsE s BonsAbIa ) D35 bo s et Ol S S s pB Br B S AEce 1BR. 0
i th duct 116,. t tg the I.C i t
pouetOIpES HELCERAPoBEH Hadks i o sotterlioh FFudip HEiohBheqoRs. Ridbhuaiie
5desctF_J gwu"\’iiﬁg 5@‘&5&& to FIG 2, the voltage regul ator nodul e 38 may
FEFFAPIUR PG

be a Irectly coupled to the IC 22 as |low voltage, high

current PEBI andlodohaRRMek JERABE GithQefeRAcs!fd IS LN theqondy ¢élbieryl&yitem
wi t hout using b57the decoupling capacitance 42. In an anal ogous manner as

descrd Reoihled td teaempeaitcnit B & pvideipewpnptwethe dehote eirguit §2.t Bim preforied
coupled to the renote circuit 52 to provide power to the renote circuit

52. mtiefypefver deliverp s fiomdhe provassurndY B4 & theivoltagaieaulaior gonkle DdgsiieBs to
the yolaer. Jowi e BB Rt RgTe BB B Sonifter g i GBS V!
d | | it 15 | igh. viged h
10povetSeCBHAsCEPaT =1gs L5881 Iy THeBE I i nd b yig e Py PBEdK B0 12
52 a3l Ml XBhAANG 1) BbnG HeSBoRRIBEi Y1 B 103 volRAUCHiR BRRGE bR JiftheIsi ng

t he corrductor i n an anal ogous manner as describe with

r ef ep&RGRohRedibff 168 usin@ehy edrdager 160 uAiss ar anmmhlbgoud Subnadrtas describe atith nay
be directly coupled to the renote circuit 52 as |ow voltage, hij

h
cur r eifidremmeue FIG 2, the voltigegegtiggunadue 15 aitdraatively mawbe directly; goppled to Higer

connection 160 using the conductor 117, W thout usi t he . decoupl i.ng
c apatsmoigeecuit Fhas lapt valiage. high GuUreplROWE LY EO1RRG S F%ﬁ%f’r ’F?BgfﬂF go E%’%y

deliver | | t . _high . t i N0k i
15755 Grentgouier covmmagini B vag UsEBhandotaiz, hinbiiiiar edionbanpatilAne e

alteﬁ tively, directly to the renote circuit 52 via the power :
connect’ions 162 and 20 160 using the conductor 116 and/or 117, w thout

usi ng t heayehisagsty! 8@UoRhEs repElaiot Rodblé 38 nidyt delivat lovevoltage égldewtampl i ng
capaci tance 42 may deliver |ow voltage, high current power directly to
the pewatte tite deouplifPcapacitanoetss vopawer ¢ammeatdn 162i usipathecadiaiGed bp 116
and/or 117, w thout using the voltage .r egt at.or, nodul e 154.0r ]:)élie d
dec oapl/pmi Tcerp alégraatively, figethgtherem via the POV GORREEHOTE 1S4 ARG -
carr nl, he vqlta egul r Sesov i ng

20¢ apaxpé)%%%g ,Ona}‘Cthfhé ?’@“@g?t geoqu Lelgﬂg ator %&gﬁ% ]a%&gn and ﬁ?e

decoupl i N% lternatively, the decoupling capacitance 42 may deliver low voltage, high current power
directly to the remote circuit 52 via power connection 164 using the conductor 116 and/or 117,
without using the voltage regulator module 154 or the decoupling capacitance 158.
Hence, in FIG. 16, the conductor 116 may carry only the voltage regulator module 38,

25 only the decoupling capacitance 42, or both the voltage regulator module 38 and the decoupling
capacitance 42. Similarly, the conductor 117 may carry neither the voltage regulator module 154
or the decoupling capacitance 158, only one of the voltage regulator module 154 and the
decoupling capacitance 158, or both the voltage regulator module 154 and the decoupling

capacitance 158. The particular desired combination depends on various engineering

30 considerations including, without limitation, the types of circuits employed in the IC 22 and the
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capacitance 42. Simlarly, the conductor 117 may carry neither t¥fefEf 2006
vol tage regul ator nodul e 154 or the decoupling capacitance 158, only one
of the Wgﬂ&@“?%gul ator modul e 154 and the decoupling capEDUsENI6893158,
or both the voltage regul ator nodul e 154 and the decoupling capacitance

L58entieciafil S5y dRTSind HRIRLONCAD SHRRE RYRPREAAIEIBY L0 MBERENg 30
considerations’inc ing,” without Tinmtation, the types of circuits
eNphaved chdtattB8stcs 2SN iR fEBht 29Q6m3 81 0tc] s 3BscABeBRrMR. 03/ 028095
PCT/ US02/ 30593 renmpte circuit 52, the type of si gnal interface used as
shown i nFI@bI7E s 84 ebdvalibief theACD2thnd Bhe tehite dieaiit £2] as bissvacinefIGSt 18 or 08, t he
t hermal nmanagenent system 18, etc., as described herein. FIG 17 is an

el evarhihavingfthe helidge r2gulatod ntodeler 38rantlid Séiand thia dEupling capasianéad-u@Esl 583 or
14, each having the voltage regul ator nodul e 38 and 154 and the
dectaspictinglyclosater oartbe PAB Blddin pseprdance syithcthe peafirred eabrdimentp of the pcB 114

in accordance with the preferred e di nentg of t resent inventjon.
ThePISBR gBHPe The BYSELIISD L0 b BIoTRen s et BorpriRpaRaioms o
t he 22, a esgribed wt ef er, El. . [ '

ot 15 8t eatibel i effgodh GIGER GRS BERNBA i roforoftB SBEST2 Bt

po I | i or
T e e R A R R S T T

t herglamedtthdifle 38 FRaiepdReE cotihedtion 383l the FCB Faghl 1By tHeamns thealsesupling t he
power connection 40 using the PCB trace 118, then to the I1C 22 as | ow
vol tggeitarot g2 as bow eoltage high anrmnt preveyovethe pomee connsntiom4beiingythettted3 PCB

trace 118 and the conductor 116. Al so as descriped with reference to FIG
2, traee L, thegdo thalyR2eslowveliage, ligh arpent gower wiathe peresrropnection |4§ USHEp| ed

D e i
S QU SRRV, Sl B iROR) O TPMRSE 225 RSGELAE HA

I enhiferft gﬁwf {1a2Re bOWRF tind&tidRAMaIsideOtht PED @iae 1 8Gint ¢he donbuctorT NG,
preferre path for power delivery is fromthe power supply 34 to the

vol agieuieing ficdeconplingeapivitance 48.gh  vol tage, | ow current power via the
power connection 36 using the PCB trace 118, then to the decoupling
capaci t alcan asgogens mepngd ps deseribavith refgiepemto Fginay theipgwendeliysiyetysten
connection 156 _using the. trace 118, then to the r. te cirguit 52 as
w13 ¢ eagle it et GHEu i T e PAYEr BOREFrRURAREET T TEPSEIRY ¢ he
PCB p%& 3 pc}v%gr &'ﬁgemg SRR AR oWer iy S &Pk YoRBe AL Hddule 154 as high

voliage, low current power via the power connection 36 using the PCB trace 118, then to the

decoupling capacitance 158 as low voitage, high current power via the power connection 156
using the PCB trace 118, then to the remote circuit 52 as low voltage, high current power via the
power connection 166 using the PCB trace 118 and the conductor 116. Also in an analogous
manner as describe with reference to FIG. 2, the voltage regulator module 154 alternatively may
be directly coupled to the remote circuit 52 as low voltage, high current power via a voliage
regulator module to remote circuit power copnection 160 using the PCB trace 118 and the
conductor 116, without using the decoupling capacitance 158.

Alternatively, the voltage regulator module 38 may deliver low voltage, high current
power to the decoupling capacitance 158 via power connection 162 using the using the PCB trace
118 or, alternatively, directly to the remote circuit 52 via the power connections 162 and 160
using the PCB trace 118 and the conductor 116, without using the voltage regulator module 154.

Alternatively, the decoupling capacitance 42 may deliver low voltage, high current power directly
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manner as describe with reference to FIG 2, the voltage regubﬁ%%mdul e
154 alternatively nmay be directly coupled to the renote circu as

| ow vol ' current power via a voltage regulator renot e
ci rcui tt‘%g\ﬁg?ﬁgﬁnection 160 using the PCB trace 118 andpﬁg}g')g%%gﬁct or
116, without using the decoupling capacitance 158. Alternatively, the

vol t iedhe reomie siront Hduial povas commpgcitnm §odarsingsthe PEIB tigpe 116iagh thewnondwetor power
to the decoupling capﬁci tance 158 vja power connection 162 using the

usi nit 6 Wéthprisingthg voltage rseulator F@ﬂﬂléth%@ry}ed%ﬁop%ﬁn%ﬁap@m@ﬁ@ }38ot e

i i i a. [ 16 0 ' P 118
S:n{f?'hte w&bﬁw&éﬁ@é’%@lﬂ%ﬁf% Ay 3 vlfpee r%%%?&%vf%ﬁﬁ:oéiﬁ@%
A ' - | i ' :

i oo BB ohpadiOfiol 85 Ul e SRASHLANRE, BTN SUB N dechMint?, (397 1503
5 10caé§cil%ﬁce?52.3§inﬁi9ary?%€@ﬁﬂﬁ&oﬁi 17GHAY Ry HeidePRSRL1SRNBERAMbPR0ARR 143 Ng

the PCB trace 118 and the conductor °116,” without using The vol tage

I egubrah®©decraglinecapaditaice198, iy onydfithe veltipacehameembide (5@ askthel N FI G
17, the PCB 114 may carry only the voltage regul ator nodule 38, only the

dec odgebuplpgxapadianen t 88,42 bothrthdutltagt hegwaibit ragéule é G4 had the deoplieg 38 and
t he decaupli n% capacitance 42, Simlarly, the conductor 117 may carry
nei t ¢ppRCItaRee -tH@pm@g%%@qwedrﬁum@aq@agepémd&%m@@aelgﬂmwgngapaci tance

158, | f.th t | at |l e 154 d t.h '
R R R R e e e R R s S N e
dec Ofémo't%cuﬁ%aﬁlett?ﬁg &f élgéﬂ irggi‘facg akdd Es“éh@%nﬂﬁ vy §ﬁﬁ€i5n Fh! 391[5 AERRNAS
on various engineerrng consi derations I ncluding, wthout I'i'mtation, the

t ypegesRbd Sdradidristics BPHRUBSIa mah@rehfenPsysBRfl18 e, dse¥Bdre@hbiei.t 52, the
type of signal interface used as shown'in table 84 of FIGS, 7A and 7B,

t he desiFIEH 18haameleeatictal eiewaff the € 2haidthk remotlzgemen 52,5y shemm IBFIGH.C. |
as described herein. FIG 18 is an elevational view of the IC 22 and the

r enpotkorch4; cadhthaging axolagsupeulsomnaile 38 and 154 lpcatsd on atvandustprd 16and ddé,
O SR AR S A SR S 08 RO
oDy e e o PRSPl oo BEOIGEH 0oh ThER
coutbaichy\ 0 IEhuats MU0 a8 UGSy degmet L
pat hrefepenchitg FIwdl.t Agdescribed with reference to FIG. 2, the preferred path for high voltage,
low current power delivery is from the power supply 34 to the voltage regulator module 38 via
the power connection 36 using the conductor 116, then to the decoupling capacitance 42 as low
voltage, high current power via the power connection 40 using the conductor 116, then to the IC
22 as low voltage, high current power via the power connection 44 using the conductor 116.
Also as described with reference to FIG. 2, the voltage regulator module 38 ma)} be alternatively
directly coupled to the IC 22 as low voltage, high current power via the power connection 54
using the conductor 116, without using the decoupling capacitance 42.
In an analogous manner as describe with reference to FIG. 2, the power delivery system
12 is coupled to the remote circuit 52 to provide power to the remote circuit 52. The preferred
path for power delivery is from the power supply 34 to the voitage regulator module 154 as high

voltage, low current power via the power connection 36 using the conductor 117 and 116, then to

the decoupling capacitance 158 as low voltage, high current power via the power conmection 150

30 using the conductor 117, then to the remote circuit 52 as low voltage, high current power via the

power connection 166 using the conductor 117. Also in an analogous manner as describe with
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| ow current power delivery is fromthe power supply 34 to the gﬁl(ftggﬁ
regul ator nodule 38 via the power connection 36 using the con £8r [1516,
t hen t owdnesebsessupl i ng capaci tance 42 as |ow voltage, higir/osnrests power
via the power connection 40 using the conductor 116, then to the IC 22

condl psAtd 839G, 2 Be Vol Fop Aol S i SARP BE b Oy b '
r egusMats clBEbb2 a3 HwoyltiR, Righ SnRatipseley vial &ﬂe&?k Bé‘%gﬁm&l R8dd10 13 RendtE 22

as | ow voltage, high current power Vvia the po nection 54 using the

condcighudt pdvidr, connbdtivint 1 60istig théorflRe I 7 NGitke? AGink Mk cddplidgcaphicitance
anal ogous nmanner as describe with reference to FIG 2, the power delivery
systé&M. 12 is coupled to the renpte circuit 52 to provide power to the
renmote circuit 52. The preferred path for power delivery is fromthe
Spover suppiigredively, theevalivee rgulaiarguedile 8 maguicivardawaslthge highairteate, | ow
current power .via t.he power c ection 36 using.the conductor 117 and )
116, P%@ﬁot deqaup ﬂwegggaﬁ ROIHE SORBIStQE 104 Hsing thegpnduetoyhl 0% r ent

ot st AR ARGl S i e e po B b A L0 et |
doscrtouetr1R6, HEhOR dsliE GERIMEE R aristdmOLER 1%, BlsBPRYResHE AR BERe0° o
30 r edpatiesre 42anky &elividr 1w Colvipk] IAGR clivaivt! patwes diFed iy 18 tHOdnhd St $/@hY
may be directly coupled to the renote circuit 527as | ow vol tage, high
10cur r pewerpmnaecticnal G wsing thg eondugtar 41l 6y withehithsinigahe esitige regulatombdyle 4

connection 160 using the conductor 117, w thout using the decoupling
capa®i the deeoupling cappciteperalidiel y, the vol tage regul ator nodul e 38 may

J58 vi o phimre b HG AT o it Hip FREeLbr ol rogaatpmodtls RoRbE vl y,
L 102U | . hatth vel y
o1 ngonto? 113 St SR Ebhfielcabeihe A7 oNED, SRNBREI AT 100,
Al eGd1aigoyelifatol BROHROBMITE: cRBAGE | AEATAAHERkdRlibY Bipd:Rihordlssage,

hi gh current power directly to the renote circuit a power

15connect i OFIG.61 issinalevation 00thd UCt22ranti ke remdtl olituiti52, g shdven MOFIGEYE 3 or 14,
regul ator nodul e 154 or the decoupling capacitance 158. Hence, in FIG

18, edeb hayingube ypltagegegaintor owdiles S\anidt lagdosatef waths PG HilA end3tbe daebupling

OO O ark 32 S ool SRR b0 PAPRS! 752, 1 A3t
the preferred embodiments of the present invention. The power delivery system 12 is coupled to
the IC 22 to provide power to the IC 22, as described with reference to FIG. 2. As described with

20 reference to FIG. 2, the preferred path for high voltage, low current power delivery is from the
power supply 34 to the voltage regulator module 38 via the power connection 36 preferably using
the PCB trace 118 and alternatively using the conductor 116, then to the decoupling capacitance
42 as low voltage, high current power via the power connection 40 preferably using the conductor
116 and alternatively using the PCB trace 118, then to the IC 22 as low voltage, high current

25 power via the power connection 44 preferably using the conductor 116 and alternatively using the
PCB trace 118. Also as described with reference to FIG. 2, the voltage regulator module 38 may
be alternatively directly coupled to the IC 22 as low voltage, high current power via the power
connection 54 preferably using the conductor 116 and via the power connection 162 and 44
alternatively using the PCB trace and the conductor 116, respectively, without using the

30 decoupling capacitance 42.
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vol tage regul ator nodul e 154 and the connector 140 carries the decoupling
capacitance 158. FIG 19 is an elevation of the IC 22 and t hgg Femillé

circuit hown in FIGS. 13 or 14, each having the

regul at ﬁ%@gﬁ@ 38 and 154 | ocated on the PCB 114 and tﬁéﬁi}(}}é@%lﬁoﬁﬁ ng
capaci tance 42 and 158 |ocated in the connector 112 and 140,

respect i véh ¢n anajogRusapanaacas dgperibe wilereferencertp FIGehithrpovesrtdslivgrytshigtem

{ ] tion. Th del i tem 12 | |ed the | C 22
o PO SBPFve IR BT ERAis to pE0 AL RAV D g emORABHBICe TG PEITETeS  As

| ow RAR Ro R At O 1P BER P St b o b et o M B *°
L1 a0 R Pty RAVE ColRRNGE RS BRI HENE IR OB ERERE s ilF OB

5dec oalRirh A ePPRAAE R WoRduder BS, {&wwmet@e@uplﬁyg%mg&uaﬁc@mss ROV v¥itage he
power connection 40 preferably using the conductor 116 and alternatively

usi nigighameaidwaosa hkowehamnectidrhks 6l (Pe 22abdsudinythe ebhidu@eor 1IN6@hdcur r ent
power via the power connection 44 preferably using the conductor 116 and
al t edlicanatinely using thy REB trageCH §; thepdo thegremateseircay S3eas dow beltagsi iighcafrentence
to FIG 2, the voltage regulator. nodule 38 may, be alternatively directly
coupP@¥er Ha ﬂr@q‘@rﬁ%ﬂ%\tﬂﬁ%%{@@y usingrhceandacier v aftematively g

connb o 3o PLE R T b DGO b e Rk B G £ Votase

con ' ' ' - tance
e e A A T i R o

anal agleiss, RRARAfreMSpoRRS §1a Devltapt Fegubli@ modite todrefnlofs ciruittpodrePetiiectil] i very
system 12 is coupled to the renote circuit 52 to provide power to the

r enot &) prefarably 1Bihg thé eonsuetoeld i eand gterhatively ysogethe BEBitreee \l 18, switharnusing
power supply. 34 to the voltage regulator nmodul e 154 as high voltage, |ow
cur r Bigtdeponinggapadiigacebifer connection 36 preferably using the PCB trace

118 and .glternatjvely using the conducior 1 then to the decoupling

capactt anauterisvsl! figlyol e dgur AR Der delivst 55 viiEhepBebE T

con I § . - LS ] d ively
150t a8 g BBl Sipliidis, T VaboRRE Ul Mor A0 ool b e,

hi ghcsriduc®mntl 16 pavaltervbtivelesiPOR PR LT 181, difsfnativellediadutly to fiegmbbe

conductor 116 and alternatively using the PCB trace 118. Also in an

anal dgous5Sareiartbe powerteaoedtions W2 prefardtdy asipg thecconth@tor?] 1 6tdraltemiati vgly

regul ator. modul e 154 alternatively may be directl§]§oupled to the renote

ci r cesing g RBitoge 1181 withoat uangfheciolpenteepigitemagule lady erltempdveligtheat or

mod ucllgcoglgliﬁg g%a%it&rllcre%!'r}la)p G l%\?vnvnoeft%tg'ls,%ri]gh current power directly to the remote

20 circuit 52 via power connection 164 preferably using the conductor 116 and alternatively using
the PCB trace 118, without using the voltage regulator module 154 or the decoupling capacitance
158. '

Hence, in FIG. 19, the PCB 114 carries the voltage regulator module 38 and the connector

112 carries the decoupling capacitance 42. Similarly, the PCB 114 carries the voltage regulator
25 module 154 and the connector 140 carries the decoupling capacitance 158.

In FIGS. 15, 18 and 19 the decoupling capacitance 42, located in the connector, may take
the form of an integral capacitor or a plurality of discrete capacitors soldered directly to the
power contacts 92 on the top 68 and/or side(s) 72 and 74 of the IC 22. The decoupling
capacitance 42 receives power from power connection 24, formed as the conductor 116, via a

30 connector (not shown) mounted on the IC 22 rather than from the IC 22 via the PCB trace 118.

In this case, the connector 112 includes the decoupling capacitance 42, the IC power connection
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160 preferably using the conductor 116 and alternatively usingg E;B[QZ@Q:B
trace 118, without using the decoupling capacitance 158. Altern

the vol wageswmges at or nodul e 38 may deliver |ow voltage, Mﬂbsﬁ%gﬁnt
pomer to the decoupling capacitance 158 via power connectlon 162

D & 45 Brma 53 paPet a1 gReRbly e st ehsicelly Epvine badesmitn e pover
ESP%&H@%&?@P&% DA oo bRd 8 shd oSl o QlnpddBr (ot HiobEh Poiviokbd thes,

Al't bRl of9!1% anliTFe qERABNAL LARCEFREAD! DGR ol 2% 40lchaRS.
| regﬁﬁ clircui’t

hi gh current power to the renote Vi a power

conReehétion I HiRI&E Panth hisehibladdn b perticans ual RhthdrdBam h dolehBbMA sing® piestsi NY
the PCB trace 118, without using the voltage regul ator nodul e 154 or the

deceupdtimeguchpsas iplaticeodd8. Hence, in FIG 19, the PCB 114 carries the
vol tage regul ator nodul e 38 and the connector 112 carries the decoupling
capaci t akite. 20illuginates anlelevationevipeR{ thal(E 32.ras sbown in FKIS. dddo dBghavingthe
nDduIe 154 and the connector, 140 carries the decoupl.i ng capacitance 158.

n Heogal msnagfel%ay%ntlﬁeﬂné@eét;smvwgwlﬁ gicRee Eﬁé«ﬂ)waqunw he

T f°ré‘f‘a$%de%?¢éﬁ%n%ﬁ{swg et Bttt BaIostte”
100 pffcA bk 16k 31 62 A Ehefls t R, BRiaHIEC ASOUR I soaRRCT L ance

ecel ves r connecti on éOﬂ uctor 116,

VI a cBnneeRHN 24 18E ICYinaP b@ﬁm);nmmfu%iwﬁow&%ohﬁéoaanmatamthetctaambdmgutzbe I1C

22 via the PCB trace 118. 1In this case, the connector 112 includes the
decagpl 1249126128 indniSe a#e ecachhet sHowanfoe thecake of tlanty inThe fgre,Bat006 5 10
15 20 25 30 WO 03/028095 PCT/ US02/ 30593 46, fornmed as power contacts 92,
pos stitendedith de dudluded tol formmimere dgtadedigesigny t he decoupling capacitance 42

ot il il R B el 11
iy R R I S e e
S SRR S100 Rioble: i SN maflfopcity i e st
206 and alternatively includes a second heat spreader 208 and a second fan 210, each being
preferably located below the bottom 70 of the IC 22.
The first heat sink 200 and the second heat sink 206 provide a path for the heat to be
drawn away from the IC 22 via the heat connection 28, as shown in FIG. 1. The first heat sink
200 and the second heat sink 206 may be made of any type of material, and are preferably made
of metal. The first heat sink 200 and the second heat sink 206 may have one or more points of
contact with the IC 22, the heat spreader 202, and/or the PCB 114, The first heat sink 200 and
the second heat sink 206 may have any type of design, and preferably have multiple fins that
permit air to travel between adjacent fins. Alternatively, the first heat sink 200 and the second
heat sink 206 may be formed as a heat pipe coniaining a material that changes phases (e.g.,
between a liquid and a gas) responsive to temperature. The first heat sink 200 and the second
heat sink 206 may be secured to the connector 112, the PCB 114 or the conductor 116. The first
heat sink 200 and the second heat sink 206 are preferably formed as separate parts, but may be
formed as one integral part.
The first heat spreader 202 and the second heat spreader 208 provide a thermally

conductive path to conduct heat from the IC 22 to the first heat sink 200 and the second heat sink
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t hermal managenment system 18 and an el ectronagnetic interfgdj nce M)
em ssion control system 20 in accordance with the preferr &hb ment s

of the jnvention. In FIG 20, the power deliver , the
R6 35 Hs0ds ORI

si gnal r system 14, the signal connection 26, the

connection 24, the I C signal connection 48, the |IC power connection 46

and206)acstmstiresty| The firstheat spteader 2024nd tiktsecdi@Bheahsprd@ier 20%man bh mmste odhown

for the sake of clarity in the figure, but are intended to be included

to Py fypa ofrovaseripdt arp pedfergelyingade of metal yardse aliunaiyehnadessis gahon gluenc| udes
L.rst heat sink 200 a |t er

‘3‘?2%%{%%@? Gt o i X&'%Te@‘; Seyter seeredn Aol o VR 6o
| _ : ;
e BRI Tt et BB 3beE D2 ST iG] ff@fﬁfé%bub???%%%%ﬁ%fﬁ?iﬁ%ﬁ%ﬁ%ﬁér :
208 |
S@%gp@gggﬂ%ﬁgeg&ed%gﬁe gﬁéggg papf ef erably | ocated bel ow the bottom

70 o irst heat sinhk 200 and the second heat sink 206

provi de ghpdk hALOL hed BRAbodnd fAE2 1 Wfofdd aipuayssthofitst hdat kiak280vwha thidie heat
connection 28, as shown in FIG 1. The first heat sink 200 and the

s ec sdavdnd dadt siknR0E e&spretivebe tovdrdwe hekt away frypahofirshida sink 200 andi thersecond
preferably made of netal. The first heat sink 200 and the second heat

si nke2@BkRNP, respectbiely. oFherfirstefan 30hard e sceandtfan 21 Qwney havreanydypeof desigmeat

der 202, and/or, the PCB 114. The first . ink 200 and. t d
P Puibik oD DE<THAS SRUOLPAHYE By Faoby o Sertoteat sk e ereyndiiae st 0B o
ARSI &y e . prETeT ! &
[ MSeob Bl T bbbl R i ASleoREt MR 9T b AR Jonis it BRI Aehy e
pi g‘émﬁ%@{c?'ﬂ'ﬁ,”& the WBhIctoR1 16.hhe SARBBEHANHATESsccOaDfan 2_1@%43%%@&& qui d

and a gas) responsive to tenperature. The first heat sink 200 and the
secanidlor fatedstonke 28hetiy 1 1% tinCB ¢d4 bnd/ohthecondueatrdl 6 1 The firdtdarPZIBE 114 or
t he conductor 116. The first heat sink 200 and the second heat sink 206
ar e apd éfeseadrid/fah ol fade profesabha foamed pasaparate partsabyt hay bef formed anancointogral
integral part. The first heat spreader 202 and the second heat spreader
208P@Htovi de a thermally conductive path to conduct heat fromthe |1C 22

to the first. heat . sink, 2 nd. t ' 006 WO
03/ 02809%&?%?@%59%&6%3%%§§%2ﬁ9 U5 e il 208 2 pg%frglggl er 202
and %ﬁ@ﬁ& ofBY oPErTRIR Bfdravi R¥atlaiag im RUEIAI |,
arekspcjragefdz?gcbé:f%kﬁgde 0 negg‘lfef%%ﬁdﬁgre alternatively made?of a gel or

gl uSimildNpitE@bdapnd hbs shicadér 208athe sgrond tiest sk (snaid fivesesendfad 218 are
spreader 208 are in direct contact wwth the IC 22. The first heat

spr peeferabBO2catnd it hetagkedpmangrsmant ypdes sbrpbotpys 7Gpbthe (G 22 ta Bray hewt aFaY as 5
separate parts, but may be forned as one integral part. The first fan 204
and thedfo#d fan 210 force air across the first heat sink 200 and the

second Negl 210K RAPsork ARPFEE df ko phdVil YTEEPCEhal Ao ffivdrl TSt heat
interface 132, as described above. In this case, the IC to PCB signal and/or power interface 132
is constructed, as described above, and further is constructed to have thermally c—onductive
characteristics to provide a heat spreader. Hence, the second heat spreader 208 may also provide
the IC to PCB signal and/or power interface 132 advantageously provides each of the signal
and/or power interface function and the heat, conduit function.
The second heat spreader 208 conducts heat to the PCB 114 or through the PCB 114
using PCB vias, heat pipes, and the like, to the second heat sink 206 located on the bottom of the
PCB 114. The second fan 210 cools the second heat sink 206. The connector 112 and/or the
PCB 114 may provide suitable alignment and/or attachment mechanisms for one or more of the

first heat sink 200, the first heat spreader 202, the first fan 204, the second fan 210, the second
heat sink 206 and the second heat spreader 208.
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heat sink 206, respectively. The first fan 204 and the second fdf Z2§000RY
have any type of design suitable for pushing and/or pulling air across

t he firsobmersossi nk 200 and the second heat sink 206, 10 p@Espsrizoysl y.
The first fan 204 and the second fan 210 nay receive power via the PCB
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Simlarly, tf?e second heat spreader 208, the second heat sink 206 and the
s ec om@hicenit? betvasen thepadjeenbpdris. | ocated in a stacked arrangenment under the
bottom 70 of the IC 22 to draw heat away fromthe |IC 22. 20 The second
heat spr FhddiMbemistiop control sysient HoisaespiPd e BieREEe kovhie AYilipernepioR A0,
interface 132, as described ahove. In this cas\?@g he 1 C to PCB signal
andPbichyspresents pdathsios EMbemissions, af donctipg aboye. ctﬁl‘ﬁ%@alsalswgf}t@ﬁ stem
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provi des ‘each © and/ or power i1 nterface”“function and the
heakomfeanfting tipd 6t dudtable EORMEEGO RthtdRAInCRINIGEA M thodDBmitatieh) eictal etal t 0 t he
PCB 114 or through the PCB 114 wusing PCB vias, heat pipes, and the |ike,
to thaedphetic fiwadircaitnéondbtivednk ceatedplasting elwotTherkMI emissionRCBrdllsystelthe
second fan 210 cools the second heat sink 206. The connector 112 and/or

t he 20 REY Yelrigideoy fexive.dEhe EMIgnission coptiob pystem af grayhave apniitabledORani sns

2§5 st ra, e OSBRSS topfrol Y617 R FLEBHEEY EGPPhe Dds. and
TSP 30863 HaP L Epadt g pe plechalehrinellell BRREICR PV, | ¢ 20

and eﬁ-ﬁﬁi&{ Eciftrd? @ggtelﬁ@ro%agese lodked oR lavasie birfsde JTedkbedReEREtRn, 303n tied t he

first heat sink 200, betvieen the IC 22 and the second heat spreader 208,
bet wagiid Juefage oot doeatctapii@adie ENMBemissionhtenfRelBydterh 20mand/the cdrmeotoehi? he
second heat spreader 208 and the second heat sjink 206. The thermal  grease
i npaceereferally toonerbas separsisriatie thay areymerhaisally aligned apd seqyreddagstaer usiiz v
em ssion control sysfem 20 is, coupled to the IC er the EM.
ConFRSHTBRIdNE, o & gress Bhsgete. flim s tveniadfe B anl Sisiieetn e
above. .The 1SS system 20 may be | ocated on one or nore
oi ddtesgre B Bhity B Bl

and i1's erably located on the four sides
The EMI emission control system 20 may be coupled to the first heat spreader 202 and/or

the first heat sink 200 via EMI junctions 212 and 214, respectively. Likewise, the EMI emission
control system 20 may be coupled to the second heat spreader 208 and/or the second heat sink
206 via EMI junctions 216 and 218, respectively. The EMI junctions 212, 214, 216 and 218
represent conductive paths to electrically connect the respective parts to the EMI emission control
system 20. Any EMI emission that is directed towards the first heat spreader 202 and/or the first
heat sink 200 will be routed through the first heat spreader 202 and/or the first beat sink 200, then
through the EMI junctions 212 and 214, respectively, to the EMI emission control system 20.
Hengce, the first heat spreader 202 and/or the first heat sink 200 advantageously provide EMI
emission control over the top 68 of the IC 22. Likewise, any EMI emission that is directed
towards the second heat spreader 208 and/or the PCB 114 will be routed through the second heat
spreader 208 and/or the PCB 114, then through the EMI junctions 216 and/or 218, respectivelj,
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72 and 74 of the I1C 22, as shown in FIG 20. The EM em ssion_contr ol
system 20 may be 10 fornmed of any type of suitable conductivel&&ERril
i ncl udi Rge pWidsgeut limtation, nmetal, metal coated plastj

circuit, condiuctive i nk coated plastic, etc. The EM em sﬂsclcré Ok)gﬁ‘??ol

system 20 may be rigid or flexible. The EM_ em ssion control system 20
nay th&vecENH emyssiemennirol systgm 28h Hgacen the seponsd hept srreadsnh2qB andfng '—E‘?\/iéCBrﬁ l4si on

Cu iR é%ﬁd%#@ﬁ%%ﬁ%ﬁ @jﬁ%ﬁﬁ%&@ﬁ%ﬁ%ﬁ 1 hftm“ﬁé%?aﬁfél?ﬁbﬂﬁ}& 15
e OB T S Rl Fong b Ealbyp Ao 30fRudld B oumd. e

em sgsi ; 16 med

i e i s s L
5USi Ngthet MR hiitefTB A With oByeR Cirbitsdh Atk arbd &&Bor to lcauseaaP Sndeirhifle EMIhesi ve,

and the like, and, alternatively, may be integrally fornmed as a single

par temigfloridvadizbd temiasdsitha 1€ dhta e preyategroffdadagthbethan upérfainzovitththe ICr st
heat spreader 202 and/or the first heat sink 200 via EM junctions 212
and 2214, respectively. Likewi se, the EM enission control system 20 nay

be coupled to the second heat  spyeader. 20 or the second heat sink
206 via HWO-2hAdustetes aZOIBSSa??WOPfEYIGWé%fﬁé‘%fQ %%ﬂ’ieﬁ?é adpgve] T¥et i ons 212,

o semsarRitef packast B SR GRAGURHCRAbI R, BLARLE baRbiye SRSt 1N
il S&g'n%gie&é c.eio% gggsﬁxﬁﬁot&wﬁ%m dwres oM@t 93 Bh 8agdes 202mand/cgr t he

first sin be routed through the first heat spreader 202
and/tgg it he, 4d shetwnAFGS| #&, L6Q, sBheA, OB Haghl 1. MEhikMckhpe6l is@sfebR and
214, respectively, to the EM em ssion control system 20. Hence, the

f i r srmehis s pvertger@0@ canfittd ceramies ¢ LTEC hpatkage, ak i20¢] ubranindbeats| y
provide EM em ssion control over the top 68 of the I C 22. Likew se, any

EMT With¢ke BACCrpackpee, the sseueadagor sihairas ov gad tecotiamyidg ofdhs eader 208
d/or ,the PCB 114 will b ted, t h. th heat , spreader 208
/SR PEEPAKAE S PRPSHLICH G- B B D girerrd sy 85 15
15" especti Vﬂé’%emifx@r?du%ﬁ)rgggk Q06 MRiQU 028098 ﬁﬁﬁ%ée g?&g%%@ﬁﬁéd kb g2 EM

em ssion control system Hence, thé secon reader 208 and/ or
t he REBhd ddmicedmmsratie o8sTie fpmalilchd FMiesT0%ad the ootk teal frande 222 hachbot t om

70 of the IC 22: The EM em ssion control system 20 is electrically
coupdxézhdt firora theiinsidel of thyr ssumicbndueterpackigefZtorthe ogisidanlithepamizopdertero cause
o e N Smp oo ALl b LS SR ey
0 SR B RSB eI PR PAREA RS Il S © P
.., 8L 9 FeRLOARTRSY) St Bl e bt sotasugglos o
capaghdiéotRiubiop Padiiage 62, as shown in FIGS. 5, 9B and 11. Note that the signal contacts 90 are
flush with the semiconductor package 62, as described with reference to FIG. $B. Preferably, the
signal contacts 90 form one side of the conductive plates adapted for use with the capacitive type
of signal connection, as shown in table 84 of FIGS. 7A and 7B.
25 Similarly, the power lead frames 222 each have a power pad 228, located inside the
semiconductor package 62 and disposed on the top of semiconductor substrate 60, and a power
contact 92, located outside the semiconductor package 62 and disposed on the side(s) 72 and 74
of semiconductor package 62, as shown in FIGs. 5, 9C and 11. Preferably, the power contacts 92
are located on the side 72 of the IC 22. Alternatively, the power contacts 92 are located on the
30 side 74 of the IC 22. Note that the power contacts 92 are raised and outside the semiconductor

package 62, as described with reference to FI1G. BA.
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10 signal interface on the bottom 70 of the I C 22 and power coht &gt 40082 on
the sides 72 and 74 of the I1C 22, as shown in FIGS. 4C, 5, 8A, 8B, 9A

9B, 9C andodszsoddi s package 62 is preferably forned as aptmuséxsspsr at ure
co-fired ceramic ("LTCC') package, as is well known in the art. Wth the

LTCC package, the sem conductor bstrate .60 an tApm Si t he
seni condJee semysoaducer %‘? A8 W&ﬁ oprﬂlﬁe@m?ﬂﬁwg’f éﬁiﬁi‘l{a %gér(gﬁ}a)?} uﬂ(;ﬁrg%d as a
single pi.ece., 15 e, Seyy,C t : ' i frames
220 SrGURLT EhgEeip M 0D D2 e iforiOSt ISR, RiviREbo SRt inal BRR [T RO2S
fra 2 %L%H : extend fromthe inside of
the@@ﬁﬁ%‘g"nﬁ%‘i"%?@%ﬁc agttaﬂe @%&?ﬂg&oﬁﬁﬁgsg? the sem conductor package
62. The %'i%{bgwe%hdﬁQ@U%m%%ﬁam@ﬂﬁaw@mpsﬂmathemﬂzmsfmbocat ed insi de
the sem conductor package 62 and di sposed on the top of sem conduct or

5 SUbskmiloRdifer @B%8ao Sbgegiondidgcipnhbmis 306 disposedan thetopi afsemirenductor
sem conduct or package 62 and di sposed on the bottom of sem cond%gor
pac kabera6260. aSinsitarlyn powerwiEs bods 237 capeect apprRpriate PANET Rads 08t iop fact s

90 are flush with the sem condyctor packa 2, as described wth

r ef dhesamiconductos digE toppasrespeamiige PQWE paéq %f& SI&‘E?ﬁa 88?‘%3 989 8%"%%%“ Fde of
the conductjve plates adapted for use with the capacitive type of signal
conrfibstia00-as shown in table 84 of FIGS. 7A and 7B. 25 Simlarly, the

power le %i@g‘gﬁﬁ%@‘g@%ﬁ%@?ﬁ&”& de PAds A osddAthe Hoitdis 70 tRFIC

sem condu i sposed on the top of sem conductor

10 Substy Zﬁrgff&%%qgghﬁer%\éﬂBZ F65RY AGibleQ7ic theradl ddviaytaiapsrophietesiaitatnnduct or

packag I sposed on the side(s) 72 and 74 of sem conductor package
62, @nsaMOusdéstribbdibove, Paembly, the.interfadect Rk formedas porparaiepatasd heayy  are
| ocated on the side 72 of the 1C 22. Alternatively, the power contacts 92
ar e itckddad thabothen 30 of itkkel722.0f the | C 22. Note that the power contacts

92 are raised and outside the . sen conduct package 6 escribed with
r ef er enceFli(o 2R|ithustenies @@?S%Seénﬁ‘ﬁglv%‘gﬂsﬁ)?%%ﬁ%ﬁggﬁ%@g /30593 The
sem conductor dig 5 IS ' e, Rsfivealpe 60 i n an
upr i WCOD&PFté’ﬁPﬁ‘feifagﬁ,%z\mg‘P%ﬁﬁ)%t@ %g Sé)&glggﬁg?&ﬁgﬁg%%ac%gduct or die 5%(,:
havi ' {522 W Qvhthctsaamshavidys 72 amd T4hef the

15sem' éc}g%aggl)((:{?%&rl su @%Pg‘%tgﬁgéoftﬂ% gnalﬁﬂf/)\nﬁore bondg 230 connect appropriate
Si gngd RakSwRth FIGs. UCp5284, 8B, aAOB59€ anil d dbndbe 1022dn EF1G 822 6 thesamesifondi ng

signal pads 226 di sposed on the top of sem conduct or, é%gbst r%tse 68.
Si i tiat describalor the 10222 anblkG. 23 £xeeph Hat the S8MICOTANEPERAIS IRdF PRSELPHCE he t op

232 of the sem conductor_ dige 58 to correspondi.n Qwner i sed
on t Hewnshawissdmoparasic tfyp © EBEF’F*&‘E‘%“’ 88. WF%@S%&P ng?%n@rzgsa% I or

pr ot ket .t 78 T apalPauARES kgt Treltip Db oREhlof edultes ey 07 Bietdle
202PP’ 88%%%9&3%8 G éignal contacts 90 and the power contacts 92, respectively, in different
ways than with the upright orientation.
The top 232 of the semiconductor die 53 that was facing away from the semiconductor
substrate 60 in FIG. 22 is facing towards the semiconductor substrate 60 in FIG. 22. Hence, in
FIG. 22, what may be conventionally referred to as the top 232 of the IC 22 in FIG. 21 may be
25 conventionally referred to as the bottom 232 of the IC 22. With the flip chip orientation in FIG.
22, the power and/or signal pads (not shown) on the bottom 232 of the IC 22 face towards the
semiconductor substrate 60. The signal pads {not shown) on the bottom 232 of the IC 22 are
electrically coupled to corresponding signal pads 226 disposed on the top of semiconductor

substrate 60 using coupling technigues that are well known in the art of semiconductor

30 manufacturing.
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0§ FEB 2006
constant, as described above. Preferably, the interface 132 is fornmed as

a separate part and then attached to the bottom 70 of the IC 22. FIG 22
iIIustrg‘R@% @2 pss-sectional view of the 1C 22, fornmed as_a Level Two
sem conduetd 6E”ckage 62 with a flipped sem conductor di #G8YSKIHFHg a
capacitive type of 15 signal interface on the bottomof the I1C 22 and
power conA aedomd $dwen ldall drasned2SiS 1R admst podveppad B8 drd a 2ondpowdrpad 246 Fl Gs.
4C, 5, 8A, 8B, 9A 9B, 9C and 11. The I1C 22 in FIG 22 is_the sanme as

t hateleréseallylseupled to pprositeends ofithesegondnowstdedst frahe £36.hEhe Bret powiedor di e

58 is placed up side down, otherw se knq as a "flip chip" orientation,
on RS ad hetseand peV A0 A o8 JocatediBsidR e SemigamAudtar pasknasr? 190

' duct ign. .The, fli hi i-entati hLhes, that. .t i I
nd Sepstes tsdor snrapcosuetsSufoi AL O Bl 2 R otk UBAF e e
92, : . f _ . : : Con

5 The SETREGIAFLY e BritcpBliERlie S8R uicyRld bk Bid 280 LRl il Bl O
" sem GondiAhQbr dRUBS tFrefe@abg,Q ,tﬁé\%chre%wu?e%dna 2BaGhNektONB figs Bbtwr pad 238 to
sem conductor substrate 60°in FIG 22. Hence, in FIG 22, what may be

CothﬁElEb@éb@bﬂuMnF gbeer pall 223, asltdrhativiehp ti2FR stafovtdn @ad C3R thalybe ft€gralst nmay be
25 conventionally referred to as the bottom 232 of the I1C 22. Wth the
f| i ploahépwithitletatdsponding povgr pad 2281 Adlemotiesly athe fisst powgnpad Bdnay bt
shown) on the bottom 232 of the | C 22 face towards the sem conductor
substeldediogbe cqmesPONGREPOYEHRAA HSt shown) on the bottom 232 of the |C 22

are electrical coupl ed to correspondi i gna ads dj n
0t he top oﬁiégﬂk 3 t%d Osséﬁﬁ’ﬁté?‘}ag’(lg%ég%gﬁ%i’%a&fﬂ?ﬁ%ﬁbnFlﬁ%lil %%Egéﬁﬂg{% are

wel | ' r ' [}ﬂﬁﬂ'ﬁ’% hac Wala e FeB 52Q@6 WO

03/ chélggw Eﬁ%@/a\%}(ﬁ%ﬁ%ggo po ag%tg%l%pr@h%égﬂgg% mﬁgé@%EEiB;st power

pad £38 020408, $®CONY 12BWaH 2p0adha40 22 ¢ BIG ri3Ga kieysatruplikd deqrioppaigithe ends

of the second power |ead frame 236. The first power pad 238 and the

s ec o2 vElG. gad A2ditienabelemeits sbhoet adFIGn 8B dectedecthe eonnpoted d £2,dormprslcasaige 62

and disposed on the .t(gqp of semiconductor substrate 60. The first power
pad ®eket; gnd the hedSkAX) de of 5 and uncovered by the semiconductor die 58

15 pr of er abi e Rne? P SEy &otiriion P kRRd AT Eockal pr RETHERUAC 128 $hE Do
h i 1A i 188 e 238
tme %g{arlﬁcgﬂé’g{ggw%d?@gg%&ﬁﬁe&%% 13844 ﬁ?&@éﬂté@ﬁgthetchﬁehufn%& AGYEg pagh

nmed wth the correspondi ng power pad 2

Al t efhabiveeéontadtdIe0 hirbss the Gugsm pild 02 i cvayedier 118eild &G 28, thdinterface 132
correspondi ng power pad 228. 10 FIG 23 illustrates a cross-sectional
vi ewcaphcitibely icGuFiRs only thheignals hetied the IC 22anditeaPGh tlHdccasn e povier 112,

O o e e hOARRSI b e el Biee2 1285, R S5 2

2022 e SRR i U s i AL o SRS

112.
Power is delivered to the IC 22 via the power contacts 92 Jocated on thc.sides 72 or 74 of

the IC 22. Preferably, power is delivered to the power contacts 92 located on the side 72 of the
IC 22 via the power connection 24, formed as a conductor 116. Alternatively, power is delivered

25 to the power contacts 92 located on the side 74 of the IC 22 via the power connection 24, formed
as a PCB trace 116 on the PCB and formed as a conductor 116 carried by the connector 116. The
connector 112 is electrically coupled to the power contacts 92 via corresponding power contacts
242 cartied by the connector 112. The power contacts 92 carried by the connector 112 are made
of a suitable conductive material, such as metal, and physically touch and make electrical contact

30 with the power contacts 92 on the IC 22,
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socket, and the heat sink 200. 15 The IC 22 is carried by a corgertpiliil2
formed as a socket, as shown in FIG 12B. The IC to PCB signal and/or
power i wewns/ezseyil32 is represented by the curved |ines exp@&nusoegossiom

t he power contacts 90 across the bottom side of the connector 112. In
FIG 23, t ' . : 114 S en
the 1 C 22 D h k200 pspessaREiid {5 aouns OB Toliab LR R R B R U0
or 74CaR2, 1T Hebt ARk 260 ety awhy BotheEId 22 eThSRed: SirfkeX00iie dhigMehi AnkiRe 20
bottom of the connector 112, either as a separate piece part Or as an

i nt egealregarits lotaiidie as deweeibt ovith ¢ ferencPEIG. 29 abevé.vered to the I C 22 via
the power contacts 92 | ocated on the sides 72 or 74 of the IC 22.

Pr ef er abl JFIGpdhaiusirated @l crossrsectional view qftleelC 22 foantdsasoPLéwt Ived on t he
side 72 of the 1C 22 via the power connection 24, fornmed as a conductor

5116. spnicopdugiorpackageodwithian upsight ssmiepndactondierss, hewieg a cepaciityedygof

T S s
ctor. 116, : 241 ' . .
pove  BaRe b AR RIES MG s S shee TR IR B L SRR B iy Y
COnNete Qimeldsdnat HiSorUhr ARNCN! % 196, SRELLGH 1hY He Yo UBRELS b7 LA
, S tal, and physically

nmade of a suitable conductive nmaterla ch as
t ouclenaheltopedtenfehett zpcal contact 30 with the power contacts 92 on the
IC 22. B 6 FEB 2M WO 03/ 028095 PCT/ US02/ 30593 5 10 15 20 25 30 The heat

10si nk- 200 iThegioseoimad fomd 232 &8 thé pewa pad R28 add freqgiovennbatact 921 didvitidadiyt op

68 of the |C 22. The_ heat sink 200 draws heat away fromthe I C 22. The
heat cennseteic epch end ¢fifbeipawer lsnd frame 423 dThalepd frameckili is routedsthemuigh they e

R T I SR R R Ay
"t e Paep B1Y SO KHGERL fik e e scfdr)oiBr GRRAEL b2 Ui IRy bR of
68 Ofseraft®ndidibedibair@d 601 MhdipbweRSorfAb9 Y id [BctbESutsilie thdsenSifonddBror PAskafB,
9C and 11. The IC 22 in FIG 24 is the sane as that described for the IC

1522 i 62 kRhGdiphsedonception 68 bf sdumicomivetor packiage 623, B2hawe ih PEGE. §09A on 10Aecatdp

68 of the I1C 22. The power |ead frame 222 has the power pad 228 and the
pover 1cdfntathat the pope contacts Py arcByshadtictie semicapfucerdpaskaga e, poigseribahd

fr am\awialzr%fen;r&% tl|3 %?8 é]]:’!.aq:ﬁe %gvzvel" wire %grtuf Z?ZMF ctlgn?llé&rs] alglpreopriate the power pad on the
top 232 of the semiconductor die 58 to the corresponding power pad 228,

FIG. 25 illustrates a cross-sectional view of the IC 22, formed as a Level Two

20 semiconductor package 62 with a flipped semiconductor die 58, having a capacitive type of

25

signal interface on the bottom 70 of the IC 22 and power contacts 92 on the top 68 of the IC 22,
as shown in FIGS. 4C, 5, 8A, 8B, 94, 9B, 9C and 11. The IC 22 in FIG. 25 is a combination of
that described for the IC 22 in FIGS. 22 and 24, except for the location of the power pad 228.
The IC 22 in FIG. 25 has the semiconductor die 58 in the flip chip orientation, as described with
reference to FIG. 22, and has the power contacts 92 located on the top 68 of the IC 22, as
described with reference to FIG. 24. The power pads 228 are located under the semiconductor
die 58 along with the signal pads 226 and are connected to corresponding power pads (not
shown) on the bottom 232 of the semiconductor die 58 in a conventional manner.

FIG. 26 illustrates a cross-sectional view of the IC 22, formed as a Level One

30 semiconductor package with a flipped semiconductor die 58, having a capacitive type of signal-

interface on the bottom 70 of the IC 22 and power contacts 92 on the top 68 of the IC 22, as
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sem conductor substrate 60 and up through the sides 72 and 74 Oﬁ@ff\?znna
sem conduct or package 62. The power pad 228 is |located inside the

sem con kage 62 and is di sposed on the top of i or
substra%ﬁggéz&?’%g power contact 92 is | ocated outside thﬁé‘?ﬂﬁ%ﬁ%ct or
package 62 and di sposed on the top 68 of sem conductor package 62, as
shosowmirFFIGS. 4B, 5084 05B,1104A, 18Bd10G.11.1 adt28. tﬁmtlctﬁénﬁé@e& soimdate iy are
flush with the sem conduct or package 62, as described. with reference to
FI Glossabed s thoHor2 i FIOSGRand 3, SRRpidior iodps Shiemitadpier BIskass %ad on

h 3 i . die 58 h : i .pad
b gempiGieiof F1G 2 M BiepreHoeticdSas BRanSd PRI CRnRa ey SRR RaS
L | T . i i | 4 i duct di e 58,
o HFEA SR RO B See ARAH R bl ) Has dDRRE BT B o0 e
22 and p%‘i\@&ﬁ?gi@ﬁ éacﬁ%n@é&a%éa%tm:@%p@fseﬁm:%na&t&%)agk@g?e sghawn in FIGS.

4C, 5, 8A, 9B, 9C and 11. The 1TC 22 in FIG 25 1s a conbination

of ehbtpbuld@s ehd Redcdrdiciobdiel 58, 82 fiisnddsciibed RiZh pefereRde todGept. Howevdre

| ocati on of the power pad 228. The I1C 22 in FIG 25 has the
senftaniitletrates @ saficonduche patkqgedhinpedosiasonbinadion ofien decaprilbag Wi t h
reference to FIG 22, and has the power contacts 92 |ocated on the top 68
of tinderial242 andithe hgabwpreddeti2@.t h reference to FIG 24. The power pads 228

are | ocated under the sem conductor. die 58 al, wi.f h the si I S
226 and ar¥ cEEMTERHEY T er@i?‘}g ?Sﬁgﬁ’ﬁgﬁé?apgﬁgt %oi?“"é‘?@%ﬁ?g‘é‘%&% ﬁe
bottom 232. of , t 1.C i : - J 3N i ‘e ol 26
Do ARt S 3P S RRAUER, ol € bt ROV ARGboTRORE e 5.8
sem;CONYUatQh i MHelROSF Mirfidbnaudtbi RRAFASAAME OMERLiKYY, tHe endaBsulfting matetial
capacitive type of signal interface on the bottom 70 of the IC 22 and
poven2Goappietso 8 perinteher of die Bfnicdnditter i€ 53 2pd aspertuittdi 16 rREBOWI S SKDs

03/ 028095 PCT/ US02/ 30593 shown in FIGS. 4B, 5, 8A 8B, I0A | OB I0C 11
and oZhe sergcongupter div 58 and make cpnidctvith the ssmigpaductaeRisedOs or the | C 22

L%E&%ﬁaﬂ%ﬁ%ﬁén%ﬁﬁﬁ%%%@éﬁ% aborcdeabahed O e i i iR ERe" d
o L rorenbton S B rs Sehdly e We Pafitiey KGRk, Ain Bl BWBCC

L TCG o tiGel5 SRLGRIMUE RS shAchRBOIdP did J8igaRROMB SethivbRGudihienubamteonduct or
die 58, as'first described with reference to FIG 21. However, FIG 26

i |1 ustrat'Bs lecas geaien 202 isqriaced ¢k diyect Contaetdvitisthe tepssfacapf & of an

encapsul ating material 242 and the heat spreader 202. The encapsul ating
mat eemi¢onductor dieridr ihederipvardasis prefenably fogped as; Bsth%m@éh‘pﬂf’il%?ﬁ“"ﬁ%iaéﬁqaiu

10 having a |iguid, paste or gel, consistency, and LS appli I y. over
{ e SSERPEBItRh PETTHE. B8 ediaprirdordl  RHMRPIERE Phu Ao kb isEaL Y, o
man ct.uring.. .bPr | Al & (=Y ; ki ied to
t heligp@r(flﬁpeotsg?atotge ?%‘%ﬁ‘g%né{%tg% gﬁgﬁgrﬁ&‘%ﬁ% @%58;%&?5&%%@%131&3 gél a%%a?%ﬁi down
the (ﬁ:&ﬂ]%sand solidifying or by an adhesive or sticky characteristic of the encapsulating material 242.

In this case, the combination of the heat spreader 202 and the application of the.encapsulating
material 242 at the perimeter of the semiconductor die 58 completely encapsulates the
semiconductor die 58 against the semiconductor substrate 60. Alternatively, the heat spreader
202 may be aligned and/or attached to the semiconductor substrate 60. Aliernatively, the heat
spreader 202 may be secured in place by the encapsulating material 242 disposed on the top of
the semiconductor die 58.

In FIG. 26 the top of the semiconductor substrate 60 carries the power contact 92. In this
case, the top of the semiconductor package is represenied by reference number 68 and includes
the top of the heat spreader 202 and the top of the semiconductor substrate 60.

FIG. 27 illustrates a cross-sectional view of the IC 22, as shown in FIG. 26, carried by a
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of the sem conductor die 58 and nake contact with the sem conghgc;tgprz[]ng
substrate 60. Alternatively, the encapsulating material 242 may also be
appl i ed W0 08/hz809p and sides of the 15 sem conductor di e BESI/US02/30803S
alternative case, the application of the encapsul ating material 242

S R L S A s A o e

CONS & tas Wirkikbr sAGwh RPFRYS f @BarRf 19. "Ehe 16570 Manehiedoptuctoepdkagelbin 4. 27
spreader Is preferably formed as a thermally conductive material, such

as pRhakamPaeiar adctbed foe el 23 mideatcondof padkegal6l in FIGE6. Hdditivnal
encapsul ating material 20 242 di sposed at the perineter of the
sentleaprgdtsahowndh FIGZ binchide temoamscbat 12 formet @s aapckes 2nddhs/head siak 300,
solidifying or by an adhesive or sticky characteristic of the
encapbthlealecouplingtospacifanom42. |1 n this case, the conbination of the heat
spreader 202 and _the applicatij.on

f the encapsul %ti terial, 242 at
the peri riie decQpling £2RIHABS HABERHCH SS%OD@BET)Y%H %ﬁe?g'gﬁggﬁsgﬁ(foe{'tdes t he
' duct die 58 i.nst .t ] t . 6 :
A L eetve plpe ¢ AR A QR SbESHTHS vl PR Sulbeounting, oy g
thecas%%lt%‘gf%%%f{s é&ﬁ%ﬁ({\ﬁﬁe f tﬁQart%'fE?a,@ﬁ&ﬂ d68igi, ThbQeblRpling Sasnagee 202 may

be Secured i n’place encapsul ating naterial 242 di sposed on the top

of d{spsse%l%ﬂ He6pI68 6f theiTe DBand, indrt Gartid@latiicori thp tayf 68 difths deatcpreddart or
substtate 60 carries the power contact 92. In this case, the top of the

senpopnduct or package is represented by reference nunber 68 and i ncl udes

30 the top of the heat spreader 202 and the_ top of the%aﬁgP fond ctor
subst r at e\ 6fst ppwer camestor 43¢ and analiereaie sesondpeW ErFRNDEAL CATCOB 22, as

showmn in FIG 26, carried by a, - 06 _FEB 200 0 8 :

PO PoIE RS 3 i e Ecapaciagh st PR POS e tho B0 0 {SAfechioh 24 to
decoupling capacitanc : oS h& Helshey oWt t&1 GS.
Lon oA nipebg iR A e oo cbRlndceMs, THEDonES sty PEUERYR LD

sa f@éﬁ ' G thd eolt aii6t BetTle BN JTEE socopdplagecdifedtor FI G
26%%@1’8% g‘?{g eléggrrlggstés ghown ia%e?:clgg& 27 include the connector 112,

f or P8¢ nisy dss sekiet powerlfibhetht patvessupklyZdovia theneltapereguladersnedide 38 or

capaci tance 42. The decoupling capacitance 42 includes a first conductive
pl atpeoddd pawdr & sweowtriclradiPuct i ve pl ate 246 separated by a dielectric

o | n T POURT oBReT D RGN DR TR ARTRR s o Apa s endd S 1S
458 P eyl ks s S8, 28 s o
alt Pk Cerifiia NS 3 P MR er P RBE Hiddt peW s telRifalt 258 offthe first power connector 256
and the first power terminal 251 of the second power connection 258 are integrally formed with
the second conductive plate 246 as a single unit, such as by metal stamping, blanking or forming,
but may be formed as separate piece parts that are electrically coupled to the second conductive
plate 246, such as by soldering, welding, and the like. Likewise, the second power terminal 257
of the first power connector 256 and the second power terminal 233 of the second power
connection 258 are integrally formed with the first conductive plate 244 as a single unit, such as
by metal stamping, blanking or forming, but may be formed as separate piece parts that are
electrically coupled to the first conductive plate 244, such as by soldering, welding, and the like.
The power connection 24 includes a power line 254 and a ground line 252, as are well
known in the art and as are referred to above with reference to FIG. 1. The power line 254 carries
a predetermined voltage potential and the ground line 252 carries a ground potential. The power

line 254 routes power to the decoupling capacitance 42 and the ground line 252 provides a retumn
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opposite sides of the decoupling capacitance 42, permt power UfﬁchE'E‘ Tohve
power connection 24 to be electrically coupled to the decoupling

capaci tngé‘gz%%ghe power supply 34 delivers power to tgga,h%%%%g?mr

connect or a the voltage regul ator nodule 38. The s

connector 15 258 nmy al so recei ve power fromthe power supply 34 via the
vol pathefor twpgrannst patential &ogsthe decqupbivg gepagiianse 420 Tae pewst bne?icigit 52. The

s TR T e I R T R
fi t ) d t I nal 253, Pref bly,
SR D P 90 B, o BRSPS
| g A B 0 S RO R Al
SUCRoRSeckY: 738taak i$418RENT; corbRAkb A% REoddfoHen ﬂarmiﬁlil'%%ﬁlﬁ%eéd?ﬁgﬁ%eﬁs

separate piece parts that are electrically coupled to the secon
condugiidctien 258 aVEtPdGse comabetians e Sest dendubiive plelediddgarrbaadhd freddtededned

Li kewi se, the second power term nal 257 of the first power connector 256
and vbHagesptentih] pudithe seemdi coadu@ss phite 24fecampesdhd gpomd poR@tislonnect i on 258
are integrally formed with the first cgnductive plate 244 as a single

uni t, sudfedist qopdugtivaiplaie atdhphthe dspaiipking ganseitanse e ARcludssong Y M9ES f or med

os SRR LSRN B R GRS e
PO R Wy SR, ARNER bR sPRSALAC O 252, 5

FI Gelebtrich§ cagmed td the Eirdén@dsftive pate 244, Suddr L Uetsoldet, adding] indaRe HRé.ent i al
and the ground line 252 carries a ground potential. The power |ine 254

r outihe poosse metmbets 5 OddenngH iyngntaapthe poemcent tsdiid comespgndiug tb thierveltags?
provides a return -66 0 6 FEB 2006 5 10 15 20 25 30 WO 03/ 028095
PCTrogotiri o8 diw Kathprebrablyondhotonef Hitssmisoadugtppsibstiate S8 derthe dgvgl two
capaci tance .42. The power, |inge A.L.s electrically coupled to the first
pomé?mfcé’Pﬁﬁl‘ﬁ%pafgggeo ’Pﬁéhqwgk’?@o%gr connector 256 and is electrically

coupl ed h%etéasoﬂéi cfoﬁﬁu flatk Qn@e}mﬂe_d@gﬁpgﬁ%g plcg QN ;RANESS oﬁegpﬁfa}é on

258. The groun Ine 252 1s electric to the second power

t er ErHdd BEhbek 24B ehat is refepdde forned WiBOthe sccdb® carificiite plar46] amhlay by
coupled to the second power term nal 253 of the second power connection

258 mafiltdtarhpiegcoladamg ot fooming, bhiemhy alse be tomoted 65 9 eeparaie picpdpart snd thes t he
T e%?éctex'gcrgl?fecgupled to the second conductive plate 246, such as by solder, welding, and the like.
The ground members 248 electrically contact the ground contacts 92, corresponding to the
ground potential, on the IC 22 preferably on the top of the semiconductor substrate 60 for the
level two semiconductor package 62, as shown in FIG. 27.

Preferably, the power members 250 and the ground members 248 are each formed as
compliant spring members, but may be formed as rigid members, such as pins, posts, and the
like. Preferably, the power members 250 and the ground members 248, formed as compliant
spring members, have legs that are angled away from the semiconductor die 58 and feet that are
turned upwards away from the semiconductor substrate 60. Alternatively, the power members
250 and the ground members 248, formed as compliant spring members, may have arms that are
curled inward in a semi-circular or semi-elliptical fashion with hands curled inward towards the
center of the circle or ellipse. The upturned feet or the inward curled hands permit a solder-less

connection for easy and convenient assembly, The compliant spring members advantageously

reduce the compression forces on the IC 22 along the Z-axis.
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vol tage potential and the second conductive plate 246 carri dbsb Fie it ound
potential. The first conductive plate 244 of the decoupling capacitance

42 incl udees/ego0r nore power nenbers 250 that is prefergdtysd@osed with
the first conductive plate 244, such as by netal stanping, blanking or

L?%?r "9 b %e%gﬁ)&a?@% ieSPi;ﬁO?Eg)i%ﬂQ? Eé SRR DL WPt SR ndel Sy 200
h ) [ ] t i . T ] n _
igﬁ%@woﬁe S st ing AcoubliSe cophPaBRAR] THE TPR'Preadd RLRGLINAR th non !
I 2 ¥ 1 c
? E eﬁrpgq;g}%t?ﬁggﬁsit&%ﬁl%é %ﬂﬁ@oﬁﬂﬁt&rcme 98 ThEnsk fink 200 !é@ﬁdlf t§h€2%$ h\!ilgir‘;f] frof0 for

m con or package 62, as shown in FIG e second

”ﬂu%%lwc%nghﬁéﬁ%i%%@ i tHeRatkr O} 2ODaRPRARE HaseplidPcipacitandesi2one or

co
nore  groun ers 248 that 'is preferably forned wth the second

conduct i peeffaBlyethd4Rcowlisl capadiinca @l hds shicderpitegling Haokgnge senteoportiog,

but may also bé forned as a separate piece part and then electrically

coupt g firs: donductive plide 24 dhe sdcnd porduetigapiatediiéhand the dielettde matsral i ng,
e S oA i STt

P osdimbiansTsthy BEdkageoautads BB T AU el pbASople el
R 0 PO e g
andfﬁe]thf;egﬁléé}%sca g&ﬁﬁ&@@i ihagtb@,%liﬁﬁﬁ\ﬁéd fEpdRitshe Béat ait 200ao0 gomduedaliefither s

248 npl 1 ant pring nmenbers, have | egs that are angl ed away
f r opedthBrougAIRCMbESlg dpsribBcantl Sekulterhativedy,¢he heat pialt 20pwaaydwavawag of r om
t he sem conductor substrate 60. Alternatively, the power nepbers . 250 and
t hengsre wpdomsthitatirectiy Bontad thekieas sprcadss202 Arouag af lkgstadsien of (g PeRECET ar ns
that are curled inward in a sem-circular or sem-elliptical fashion

wi t bf therdesouplingedpPeaiiaBsy*4-onar ds the center of the circle or ellipse.

Th t d t the, i . ' -

connoot | GGt &% piseplesna teamoBRT iR LLalIRGT o REE Rtel, AR I8 o rber s
dvant : ' 11@22 kdaga the

et B R O D 8P 30E0 T The bt i nie 200 i s

di 5%?&:%@09& dr@Rs @8 obiet 0@ sufpotfing Nbcomipliag tapauitarceyt? antie Heetsinls 2@k a800 i s
di sposed on top 68 of the decoupling capacitance 42. The heat spreader

202 sHb®RIiDBIES. 4065, BANSBURAT MGt 128nEB,\19@rd 2Re Theserpssiidddcagies ss.
The heat sink 200 conducts heat away from the sem conductar.,di.e 58 via
t he thekE 22 fressievn 20P1G¥R) oformed aﬂm@%‘?}’ﬁr‘?‘ﬁ% Sed%‘ﬁ%‘?ﬂcg‘ﬁé)@c 62 B¥et er abl y,

R e L T
246?&@ 3?#1 gﬁﬁcg%ci%@&&f { H‘?fgsg)gké&l ot he PSS M4. THEhAe silnk 00 Ks diOfbsed oditieect | y

con Spreader n this case, although nost of
connector 112. A fan is not shown directly in FIG. 28, but is typically attached to the top of the

heat sink 200 at B.

The comnector 112 includes the first power connector 256 and the second power
connector 258, analogous to those shown in FIG. 27. The first power connector 256 is preferably
shown as an edge card connector. The second power connector 258 is preferably shown as a pin
connector. The system 10 includes one or more holes 260, preferably located at the four corners
of the system 10. The holes 260 preferably extend through the connector 112 and the decoupling
capacitance 42 to mechanically align and secure the system 10.

FIG. 29 is an exploded view of the assembly view of the system 10, as shown in FIG. 27
and it includes, as shown from top to bottom , the heat sink 200, the first power connector 256,

the second power comnector 258, a top portion 262 of the connector 112, the first conductive
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t he heat generated by the IC 22 conducts to the heat sink 200 giﬁ%ﬁgﬁ
heat spreader 202, sone heat also conducts to the heat sink % OERi*E t he
decoupl i Jtance 42. Alternatively, the hole in 10 t e l'ing
capacitéﬁ@ggﬁgﬁﬁﬁy be elimnated to permt the heat sink%éﬁ@%%gggﬁduct
all of the heat through the decoupling capacitance 42. Still

al t ptata44;ehg seconbcdralnctive plate2®, magnterawetianddost theroemmectoyil bh o sigrat
directly contact the heat spreader 202 around at |east a portion qf the
per icomtaelplatof268 the #e 23uthieiRted 64 mbatioanpertian 26Grpighe sgnnactasdd 2 gnd e (H de
pers?ective assenbly view of the system 10 for the IC 22, 15 forned as a
Levél4Two semi conduct or package 62, carried in a connector 112, forned as

32 and_ & Tty 055 AGotdRENR'on PRTeL S8R0 b Mplha o T g0 20 217
12A éé)?; Zﬁégoﬁﬂgc&%egtég?}% gﬁe‘%"l?lt llergarﬁgldQ@f“ ahEes ad%gt‘gd kreddive ARL firs QWi N

FI Gpo orned as m conduct or kage 62, the

decgyRhdciit 268RAA ificdebndrBowa tdnhidor 238t ThEED pordoRL6RDEHe PR 112
interface 132 (not shown in 20 FIG 28). The connector 112 is di sposed on

t he hRCBhalk4xtehdmghttriughithkee2dd ara terspl) sdibham addpted toorerrat Deentel ortienf an
is not shown directly in FIG 28, but is typically attached to the top of
t he of Hedhtotwinnif the heattsits 20fh T heoten @ertion 262 21 thecqoparsdor: He alsorhas fopsheles
connector 256 and the second power connector 258, anal ogous to those
show@Oiahthe fepr comers iereqty st power connector 256 is preferably 25 shown

as an ed card cannect gf.. e C | r ably
Shomn as Checiit SONANEaePAd Rl e SOl TR kitiudel uf scBorblyRnR 50
pr eft%ﬁﬂ%ﬂ)@%c{ﬁ‘%@é&c d b&Ferl QbeGRNIEE Sthe Acohl BoRiStefinhD257TdTRhOftseS 260
preferably extend through the connector 112 and the decoupling
Capafien DEhetibr 266 Mndhasludity §f piwegrontacts 38 UTke pdvecrsyahbars 1T eXetr@ 29 is
an expl oded view of the assenbly view of the system 10, as shown in FIG
27 f86n aadh off the frair sifles of the faniovndastymplasp 244 istseernd pavesrieaina 28R 9500,

the fi t ct 256, th d 258, t
I A L SN e T
03/ 095, PCT/ US02/ 30593 pl at 4 { d [

03 A0S TSR, R BB s G SRR RS e MO

| C 2z, GBuBthies® o0l Y MRP bR @6 fof the connector 112 and the PCB
114. hag&ﬁ%dgt si;hke 200 1s disposed on the top portion 262 of the

connect ortHelgcodd\€ordaptive platet2dencazfnothe ighmnd poteatisloinchid@s thadirstrposgr al | y
nol ded features adapted to receive the first power caonnector 256 and the
secanrnipel®ss afthe frst ppwesennTeer 23 theofirst pavez derminal 286 of BIsseea¥POVED  has

hol t endi th h th th f, ' ' d
e comecctioncbofndr BROMd TBITIOHS 25t PSRN HEHAE AR OER S B
por ttlogpsi gs2oto t{'ne tseQ:%n %QEC&%E% pi]al't;zztfg the%?t ;Io%(‘ teRhEE 255 of the first power

connector 256 and the first power terminal 251 of the second power connection 258 are bent

upwards. The ground members 248 are bent downwards. The second conductive plate 246 also
has four holes 260 at the four comers thereof.

Preferably, the first power terminals 255, carried with the second conductive plate 246, of
the first power connector 256 and the second power terminals 257, carried with the first
conductive plate 244, of the first power connector 256 are alternately arranged adjacent to each
other at a predetermined pitch in the first power connector 256, but, alternatively, may have any
arrangement. Preferably, the first power terminals 251, carried with the second conductive plate
246, of the second power connection 258 and the second power terminals 253, carried with the
first conductive plate 244, of the second power connector 258 are alternately arranged adjacent to

each other in the second power cormector 258, but, alternatively, may have any arrangement.
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260 at the four corners thereof. 10 The first conductive pl atﬁ %ﬁﬁ,m
carrying the voltage potential, includes the second power te Iﬁ‘l I %53

of the segeschspever connection 258, the second power tergdayspaisaf the
first power connector 256, and a plurality of power contacts 250. The

power nenbers 250 extend _fromeach of the four sjdes. o he .f.irst
conBredernlly, ieaosvep gontacty 258 saurd Wehe speangicrafucivg pfﬂte E%é\é‘“@ gD bver

582%5{%%%?5‘1 5c2g§e dw@'@s%%%ﬁk%&ﬁﬁ@%ﬁi*%@?r%@ﬁ@g@%tesl?%&h%%%%ﬁﬁ% h
L ' ' 260

f 8‘3?*@3’?@% 2&?ﬁ%ﬁ%ﬁe&?ﬁgﬁﬁ%ggﬁg??gﬁ%gﬁﬁéeapfgt ea246,0u(r:ar ?y?ﬁg t heat the

ground pey,ent;;al %%E%?ﬁg@fthrer&%nﬁécﬁ&tl 10 M4E fntedrsl iﬂinﬂﬁieda‘éﬁm%ﬁ addifted for st

i
power connector I rst power termnal 251 of the second power

conpeeli ehe ARB poRBtkdnhisctar 236 dhd e bead péfer Unaegoolfitd Tianhwgtaly248
extend from each of the 20 four sides of the second conductive plate 246.

Themoideslt fepyerontthe wpRirtiASI6DOE thaeofnecklr 1p2wad thewonisepotion 264 0athe t he
first power termnal 251 of the second power connection 258 are bent
upwestdectortié2 gneshardcatiyrilignand sgate réthisaeh othexienapide comnectos BevnasdRtiuct i ve

pl ate 246 also has four holes 260 at the four corners thereof
br e hsiraspaeetivetermis “Hhs ARneapriatsies uadadled 1§ BEONF Bif SRUOSE ond

O Ve 852300 o S, AR GERORSH 84 SERcabis i 90cond

( he Tirst uctive plate 244, of the
firsha Be5h 8;5 efhYr oEbRb&oAl I BBl chil P ali s SRfimad) wigleeichlothgas h

ot her a edetermned pitch in the first power connector 256, but,

al t ﬁ\fc%ié ¥ Bbi¥sing @¥hep@ise dastyibed b 8 0g@TRE shoviRt f FIGRIR X, fdriiee dacospligower
termnals 251, carried with the second conductive plate 246, of {he

s ec easheftaner 43 Chiremhieo poisd 26d df threcanacaori!l 1ok hasdpwi rlps26854 thefof i ed
with the 30 first conductive plate 244, of the second power connector 258
ar ecammesrtharteef.y arranged adj acent to each other in the second power

25,8, but, L vel C o 8 FEB
2406, V0 CEecigishSonsiet R 3PS bR B P enlfty B IR CBRABIDA, carh i
led with : | i1k t
e S P Y A ko s

ar r aha6Ha12958caRted With BRCrsOdddhctiveuilate 204 yfnkd socohd powercohasatoradhp.
arrangenent. The center portion 264 of the connector 112 has integrally

ol dad 10z isnecuntetbiptteelcirauit thard 64 ofeerwise knpwatas go werpest heatde Forvang &nd

t he second power connector 25 8. The jint egralt\gé mﬂ ed fga% ures on the
t op Lipwek Thnee 26 228 shoyen gbRite 4 as 1sryelh kepWhi the At of 14 spqny % of the

connect or ThokeFRyEoGR 268 RL e PRufies {TFe Ry  ERER iliSim EERG Q0
e L T e
The bottom portion 266 of the connector 112 is adapted to mechanically align and secure the
PCB 64 to the interface 132 to permit the signal contacts 90 (not shown) on the bottom of the
PCB 64 to align with corresponding signal contacts preferably on the interface 132 and
alternatively on the PCB 114, The bottom portion 266 of the connector 112 also has four holes
260 at the four corners thereof.

The holes 260 in the four cormers in each of the top portion 262 of the connector 112, the
first conductive plate 244, the second conductive plate 246, the center portion 264 of the
connector 112, and the bottom portion 266 of the connector 112 are aligned with each other along
four common axes at each corner.

A fastener extends through the five holes aligned on a common axis at each of the four

corners to mechanically secure the connector 112 together as an assembly of the system 10 as

-70-



10

15

20

25

30

10 and the top portion 262 of the connector 112 nechanically @‘%?ﬂ@?d
mate with each other to provide a housing, otherw se describe

cover asyghowmeb FIG 12A, for the decoupling capacitar};‘ce”él%laﬂi{ﬁt he

center portion 264 of the connector 112 al so has four holes
four coners thereof. The signal contact EI ate 268 aI_i%gs and secures the

fi r shoynwe FIG 28 Aematpesly, feurrholesgaligned withethe fur heles ithe apspmbly obths| at e
55 svitem | bara pendironeh B KR a2l SBn ik whish,iahs EBY A, e oner
253, | C : ond“power

h ' 10 the Circui 64 i
oW sy he of A b S 1o GRS hitetiO ofie S tiebt B RS peh SBRY B
FI G i | : : | g
! ContBhe .y BlndsS0H0 venc bR i ol & FRAMISALHILLGI ToReBObO™

or  cndc®6rM 179 MefcFbME tiRsSfastbad atefofthéd aslfdy sepivafel sefewsh Allemndtiwe§Cthesi gnal
and/ or power interface 132. The bottom portion 266 of the connector 112

i s daapicedfdrm smephanilipaithay ar inpgralydosealweh ttleast PGBp&ion of tHeeonntaterf ace
132 to permt the signal contacts 90 (not shown) on the bottom of the
PCB 182 tha ra¢dbgnically engage matipg featuies o aileast exmethenporipeesithe pognestor dha
interface 132 .and [ternative on the PCB 4 ~The bottom pprtion 266
of tR&NE SHAREtH therpstaness, ﬂ%ef}f%ﬁﬁnawrecéms,g%@blwe%@ﬂ PSR BALIEF s

h f. The hqles 260 i in. i on 262
of eRacRoRRCER g S o itd fnd AihsbRANS abiiGREN: G rebidf pbERUBRAIAY
CO”%B tér\éste%%fe&ﬁ-goféhtaf%y&%tmrthmg Liandfty Aleritl8a i-®B 36k Mat Ildnnand

t he tom portion 266 of "the connector 112 are aligned with each other

al o didRbemisleawnihoaxienagingahe bssembhest theBystent &3t ener extends through the
five holes aligned on a common axis at each of the four corners to
mechani caThe/cismitioerd hiet caomrsdbe eonnedtpr § byandibe heat sl 209s dbicirowt bedrd
system 10 as -70 0 6 FEB 2006 5 10 15 20 25 30 WO 03/028095, |

T/ 5802 Pty TSFas @ # e cRotegbOTK baratsy Js\pbpyFarTeg manm%é@, cirghitg MLt ¢

L S el e RO s g B ST b PO RS L
S MR DL ok 255 e P2V 0 Uy 909
i Nt gaElaléymhRIPIEACHItilleal 13Ahbt Howinia FIG. 29) that electrically couple the conductive
contacts (not shown) on the PCB to the various other circuits interfacing with the IC 22.
Note that FIG. 29 does not show a hole in the center region of the first conductive plate
244 and the second conductive plate 246 of the decoupling capacitance 42, as shown in FIG. 27.
Further, note that FIG. 29 does not show a heat spreader 202, as shown in FIG. 27. The absence
of these two elements in FIG. 29 illustrates the alternative described with reference to FIG. 27,
wherein the decoupling capacitance 42 in FIG. 29 performs the function of the heat spreader 202
in FIG. 27 and the heat sink 200 directly contacts the top of the decoupling capacitance 42. This
alternative is further described with reference to FIGS. 30 and 31.
FIG. 30 illustrates a cross-sectional yiew of the assembly of the system 10, as shown in
FIGS. 28 and 29. The PCB 114 carries the connector 112. The interface 132 provides a signal
interface between the PCB 64 and the PCB 144, as described above. The PCB 64 carries the IC
22. The decoupling capacitance 42 is disposed over the IC 22. The decoupling capacitance 42
has characteristics of a heat spreader and directly contacts the top of the IC 22 to spread the heat
of the IC 22 throughout the structure of the decoupling capacitance 42. The power members 248

and the ground members 250, forming extended legs and upturned feet as described with
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connector 112. Preferably, the fasteners are fornmed as four iepara\,’tﬂﬁ\E
screws. Alternatively, the fasteners formsnaps or clips th t &

i nt egr a@of/orsold with at | east one portion of the connegi@fiysehbgdsdzhat
mechani cal |y engage mating features on at | east one other portion of the

connector 112. In this alternative, the fa ner f.or or

c} pronse 40 ElGevY, Sor Bk consppoadaRANPr GpipHE D20y RnrE At ot HRR%: P
ass | ed, and, di sasse e er] [ _ ernatively,
g2 sk e i BRRF YU RO L) Tk e iR A0 cdefid o by oPUCLTET U
t he _sense tyl | I ] h!i‘&igh giimthetibe pagianbl vy
of Ctoﬁﬁeczgfrstlg‘dl‘ggn%régnr%%ﬂéggg?ﬁgﬁfﬁggﬁfes thtg@gnnecteo?ﬁglz and the
hea{gz £k gfﬁﬁxecﬂ;hm@&é GddilyROAast thé vh bBtht Meiouplihy capatiemced2t o as t he

not her boar ecause is also carries many of the circuits that the [C 22
i nt er f aceRs. Witillustiies Aodtethalitd cimskadienanvitwiofthe assemehiy of ths systamakd, 98 ( not

shown) that correspond to the conductive contacts 90 on the |C gieor on
t heshowndn FiGe28.3The TnemblRoiths system d P il ELG g0 1i¢ thesempegthe ageadly #8HeEn ot

shown in FIG 29) that electrically couple the conductiyve ont S.¢(not
ShGomea ) EHEIGRGH, exephiaU e PO GO Of RE oS fTLiEe S0PR AL DRE | C
22. Note that FIG 29 dges t W a l e | ol f the
1 18 TE gete Mrarr s o Ao ceuig Epiirttd) FEREm pCAMS: | e
decgupl.i.n W@ ' form3 4 dielbstié heriaD@) @phbitivell| G
29 %‘5%9 aﬁ%ﬁ@ﬁ%\%‘%’ ﬁ‘g‘g‘%hﬁg%éag%gm%fz@é? shown ilfi\ FI G 26;1. Thepabsence
of &esiéﬂmsgéwﬁﬁﬁ o FAdd the®COB {ustrates the alternative descri bed

W t eference to FIG 27, wherein the decoupling capacitance 42 in FIG
29 per f oTHs PORC1 Al tibwthe obnrtebtor Hd2t The inerdiane 130 Provides @l capactrvesignalhe
heat sink 200 directly contacts the top of the decouplin a Ltance 42.
Thi mterfiict detvetenvhe 16 22 and hisrPed 4. Nete thatthe PEPBAIR BB RIGSoF B TG T 31

FIG 30 illustrat -sectional view of, th t
10, thiscasplh 1 1aF e seigt B caeetpo Uit 300, BRI Rl 0B 5) O

The. int.erface 132 prow | | r t he
pcoinidnal dendiery Bl Haiicn 114 R Bhguigh oMo naP iChiaels o
dec%g{:,ﬂ'n rﬁﬁ&a el ARG &b o fitife HESRRRESarA¥Rors! TRe ifterfile 1TD@ralédsubei ng
capacil z;hg)e mt?as c%gd;%cftﬂgarlggtics of a hrgat gpreradgr a?él directly

CoNfRedcEid Materan hatinghke afpraidodecerdonentbetween thecchgesronding sigihghout

the structure of the decoupling capacitance 42. The power nenpe 48

andcéitacts oo tincl Gr2?rbed ﬁiezﬂfml,o 1 piopenpiteorpasitietsigra §°‘§H’&gvtﬂwg‘f‘ﬁ?eﬂgge ¥§3 as

described with -71 WD 03/028095 0 6 FEB 2006 PCT/ US02/ 30593 reference to

FI candthe RGAtlddt correspondi ng power contacts 92 (not shown) and ground

contacts, 92 (not. shown) : f B B Arhe R BRimbRrd KA 24 | S
Jﬂleﬁ?éoqp(}wgoqap ltgﬂ& éﬂg d‘i@BseQi ovel fh e-la% /

carried connector 112. A center region of the heat
sin %%'ﬂ%é R YSHihih N SrvASHS cufled BEnd A1d 1ROYS, icontact262resfontig power
conﬁlﬁ%ecz:grg}]ﬁ§ to dligrectly é(;ont ac? the top of the decoupling capacitance
42. (Snakie92%hdidrbwsd dontaets Somiht sident2 ved 34 0§thed €2 el of g bagk side

assenbly of the system 10, as . , . )
(shown) and the front side (not shown). The heat sink 200 is carried on the top of the connector

112 and makes direct contact with the decoupling capacitance 42.
FIG. 32 illustrates a connector 112 of the present invention that is hermaphroditic in the

sense that it may serve as either a socket with a recess to receive the IC therein, or as a cover that
may fit over the IC. This type of construction is suitable for use with a Level Two type of
semiconductor package of the type illustrated in FIGS. 4C, 5, 84, 8B, 9A, 9B, 9C, 11, 12A and
12B. In this construction, the connector includes an external means for connecting to a source of
power, illustrated as a pair of edge circuit cards, or boards 256, 258 which may serve as
'respective first and second power connectors. This construction is suitable for use where power

may be supplied to the IC package from the sides of the package. The connector 112 carries the
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shown in FIG 28. The assenbly of the system 10 in FIG 30 is b\gf Z@EE as
the assenbly of the system 10 in FIG 31, except that the pQ) B tacts
92 are qgRP§AHON the sides (72 and 74) of the IC 22, t wer
menber 3%43 and t he ground nmenbers 250 are shown as inwar y]§02f§95|9§d ar s
and hands, and that. the signal interface 132 forms a dielectric material
t o deqoapling sepayitai@ed@ypteferably imths foum néplate wwpaciorpthakineludt@istingt POWET The

PCB 114 carries the connector 112. The iﬁe face 132 provi_,ﬁgﬂ . B

c ap Seiacts A% FaghEIoUn REBARE 280 LTRGERINOTIAE | | LN RS T Ga BB IA I TRBEL ¢ hat
the PCB 64 i t t.in FIG 31 | t hi -

sot 2t s PR BOEa TGP THERAfS O EERS ConhIEpibug i

i ndi vi | _capacidt or s. a d d
RSB imAPeot BB 1t A SWIEt ks Moo wd
t he 4Lag F&Aﬂé’@{o RRRIE HIOICS22 B R AR & chRRcBNAY iafle Eroubié cortthet 280 fd C
mat erl al’, "having the appropriate dielectric constant, between the

cor hRSPRTH NG cohiaBRtorresstidies sowen ahder fGuR® camtacts B2 oP@B ICDR indhpmanier
capacitive signal coupling between the IC 22 and the PCB 114. The

dec gegralhgshosypeini KI&h34. 42 i s di sposed over the |1 C 22. The power nenbers

248 and 20 the ground nenbers 250, formng inwardly curled.a d
hands, caﬂhf?&@@nf&g?rr]el@m}%ﬂﬁ%b‘b%%é ered i {oyer &5 gl?’vﬂh 8 yé’bﬁﬁ‘c@’% on
the sides 72 and 74 of | C 22,. I e C ' -(shown) and

t he that Skt over the R t%%\g??s %ﬂgnﬂﬁﬁdgﬁnk@% ]Jll]sga%g’rtrﬁ? g%gﬂmﬁe top of
the connect qf, - ' 2fd ABRIAMP hidRtbers 248,
capﬁﬁl?atcgmcgq%zl.s %&%@:ﬁﬁgﬁggﬁ g{sheg@(r:%)nnect{ﬁ%?&qéﬂﬁgf t he preseeﬁ:t '

i NV eRh LORadidkrebSodd g ERIMRHI dispdstd bl eachXidsefhelT bat Alttmatiyelgahoe as
either a socket with a recess to receive the IC therein, or as a cover

t hateomiiorflil 2 maaedlséd he corBideftd ssackgeashowwris FlGct 2B nin thissese; Higl conpestoryse
with a Level Two type of sem conductor  package

i f the type | rat ed
i n RIGH shogn uprighito spealghe fegresgy thy mnsi ﬂé‘h%PCEﬁtQ gs QWC{)%]LA 2
construction, th onnect or Ji-pclud n external . - | to
o ol e ssmmecionalS 5 Pyt ptBazs The ForP Gy UBRr T [ pbpgrttt iR
boands 254, ' ol VB ofthiigtconfith coRephdRper
conr?é’ﬁ?lgf@.Of%ﬁ%&@gﬁaglgﬁ%?%%%ﬁ%%ﬁtﬁggﬁg‘%or use whercg power QIBr?xailllybe
SUPRlolefcdmadt 92 lafspBadkaiench siamof i I8 T sinahisiche, prcigaghs wolilkbe onnect or
112 carries the -72 0 6 FEB 2006 WO 03/028095 PCT/ US02/ 30593 decoupl i ng
capagintfeieé tangiptirftop 6B lo¥ thedCtA2evid asignalf copllucter bespussithodesowpling i ncl ude
di stinct power contacts 248 and ground cont actsb 250. The con ec#&l 112
has capacitencesd? blockssignsls fromengstransfared thrguel tebofpm ¢fdheemaedehtl« 12,

with the power contacts 24 nd greound c 5 ' d inside
the TedistpoercRBnan oR e BOrmanrhR S el Uaree]
appropr | i t &l ¢ B6colfli acip@cer. the
pomeclpggeocﬁérg’c%%gggéﬁ gg%ﬁ%fgg’&%%n%gﬁaa%t S 5(% to tbglhi gn 0vvlgt“?hggcaatrll)dClcont act
COr I eSPONEiG3 RN Fatceh dMerifcionbectont 12ahat i9 Borpred tabe co@r 2&@tabie fon@seranner

with a Level Two semiconductor package 62, as shown in FIGS. 4C, 5, 8A, 8B, 9A, 9B, 9C, 11,
12A and 12B, and the connector 112 may be considered as similar to that shown in FIG. 32, with
the connector body portion inverted have having power supply mating members of a different
style. In this embodiment, an extemal means for connecting to a source of power is provided in
the form of two pin headers 256, 258, each of which include conductive pins 255, 257 that extend
outwardly from the cover, or upwardly in FIG. 33. This type of construction permits the power to

be conveyed to the package from the top. Multiple conductive capacitor plates are formed in the

conneactor.

30 FIG. 34 illustrates another embodiment of the present invention wherein the power

delivery system is incorporated within a cover member (not shown) that fits over the IC22. In

- T3-



generally shown in FIG 34. The connector 112 may al so be conkf @t éiiba
cover, as shown schematically in FIG 12A, that fits over the top of the
| C 22 awehowrsodn FIG 31. In this instance, the decoupl irmgrishcapaci t ance
42 is disposed over the top 68 of the I1C 22 and the power and contacts

oF s SpBogument, Bg BANER GRS HRRAP BN, FRLyhirtd ShGRAPESISRR 28! e
sockg m@mﬂﬂggyeﬁ 5l Frhidie Be ahgnmﬁh GRS theMR tEORREGH 7-axib] @irdctioahown

upright to rev the features on the inside of the socket. As a socket,

| C 28hefrivbS1htas SrelsBparaRaMsGinahteivkRingsdielbanid layer P0G, the Jielcntc cacapiridigr

capacitance 42 is disposed under the 15 bottom 70 of the IC 22 and the

powahickids of edich manbachese48pro2ile axskteincmpacitince tr vters sufigiant powerter

contacts 92 di sposed on each side of the IC 22. In this case, the si gnal S
5 woulsdppig normahefesating ot surgaghrrentdo tlhpl(s sA secanddngudative layes 382 s Rgpyded on

' arfbq batiosd SERRGR AInG R BBCRRAIGNP bR BORTBLE BETRESt EomBe fir & poer
t, 5 th d . t : 0

Conaatgned hafin i POHE aTTUeL OB At o AR, 26 FPRpEA fa?

deC%&L&Q&é&%@&g&%@%&gmun {p@weig?btll.ulnb ESithtt Bt Bhedd SRGARMPHERNAGCt Or 112
S 1Tornea as a cove

that I suitable for use wth a Level Two seni conduct or

packages $24. 238 280 el dlorkg B8 sidé6of the 18 aciBige, PrbferfHBy ifibe cdrltileveidforand 128,
and ‘the connector 112 may be considered as simlar to that showmn in FIG

1032, blbles fhdbborcitinsested, whare thep engagercontacisri08 dovasdeinibe/1Gh gTsotwer plateppl y
mating nenbers of a different 25 style. In_this enbodi ment, an external
meari26df 266 endpertions gf the cantgels 248, 250 e tiwically eppapsniated or qtherwise moldador ¢ wo
pi n headers 256, r%qi? each of i ch incl.ude conductive pins 255, 257 that
ext eWidhin gnextarior ynsulasivempaienalJurD aja PSYGr diy in FIG 33. This type of

Ot UG Rl e I kS5 PRl in BEICHHEUES e, DRCkANRy ot e

C
top. Milt '€ capaci tor ates are forned in the onnector. 30

FI G e #ﬁ&g‘%ﬁsr AtHESeARMiRRA 8 FROMITRA usdih JoRfbiRitRRENth 4 heee sink Grotwhewe) n
t he powe Il very systemis incorporated within a cover nenber (not
15Showiy dskkath fit ingy Geiotiied with 22 opéning 30Bthat Ext&ikB t2OVEh YWOLPBIHETBEQB46
PCT/ US02/ 30593 this enbodi nent, the power delivery s%st em i ncl udes_ at
| easandghe aitervehingalieledtic Jayepbft and tha lowerimsulatipnrlayer 83 Ainogionolihs beaty g

N T L
di el getri tant.. and i | ! o ovei
0oL R 0 B RN sl KD S G

oper%%[g%etg;eeﬁgfeq@h&yémﬁngguﬁlg& dnd-théh&temmrd i nsul ative [ayer 302 is

pr ov on the bottom surface of the bottom capacitor plate 246 so as to
20i nsul at e FIGS 3%inal deetidrfal vids of RiGE B4yind wathaue Jovdréngudating lajet 3dnrgt shpynem
includes a plurality of contacts, 248, 250 which nmay
for clarity, and illustrates the relationship between the IC 22, its package 114 and the power
delivery system. As shown in FIG. 35, the lower insulating layer 302 abuis against the top
surface 22a of the IC, and additional, but smaller, openings 306, may be provided for purposes of
additional cooling. FIG. 42 presents the end of this section for better clarity. The contacts 243,

25 250 are positioned around the perimeter as illustrated and this arrangement reduces the amount of
force required for insertion and removal in that the contacts engage the IC along a horizontal line
of action, rather than a vertical line of action.

FIGS. 36 and 37 illustrate another embodiment of the present invention that incorporates
a power delivery supply that is capable of supplying multiple and distinct voltages to the IC at
30 various locations on the IC body. This is accomplished by incorporating multiple, distinct

capacitors in the cover member which are formed as individual lower conductive plates 31 0-313.
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i nclude interlaced power and ground (power return) contacts tt‘?tf: ﬁxth%nd
outwardly fromthe plates 244, 246 and down along the sides o IE e1C
package w®oghRpepl y in the cantilevered or 10 bel | ows fa%@%ﬂ 0593
il lustrated, where they engage contacts 303 forned in the 1C %1 e two
pl ates 264, 266 and portions of the contacts 248, 250 are typically
enc diashofithese platesihenased aparbiramsachwther as iHvstiaddiesoip Blis 31 by mi@veriiri al |

S i SbEn R SORbAE B e B Sa GPLRRERRAE 1e 1°
o i S AL S b e R
P GO S A S ek SR At

open 11308 idphRidPRbMCthe W, BingleheahulgipRaseaidried capdciiaeplae244bg ahC  22. In
sone constructions, a thermal conducting nenber may be used to fit in the

openhtgrening dickttaodasee 508 oo tlah the|@virgrategy2HEB B3 ofihe syntéraer sepatatet drobreat
sink. 20 FIG 35 is a sectional view of FIG 34, but with the |ower
i nsuhavpney plate/244 BCbe verticahdivastion by thelintervepingahielestriy laver Hleandiane

| at i hi p bet t.he 1C 2 |.ts., K 114 d.th del.i
Gy SERATAIRG OB AT e ey and NGBS HETeREF Ao BYRT TR ESEES Boal st
th f . 2 f.th s | ] [
306, RERFBE 1 du it For Rl Y e By 3103 Rl P35 7O
pr es&%oﬁﬁlﬁﬁ?g%g%ft% tdy > 18868 dc R dl thEre R ih k6 that HRY dohectdANGAPRREfr 248, 25

250 are *pos r d the perineter as illustrated and this

ar rWﬁ?ﬂfcaﬁﬁﬁﬁ@@?lﬂéﬁn&h@bﬂbadﬁﬁmﬂﬁcﬂﬂﬁ 32quired for insertion and
renoval in that the contacts engage the I C along a horizontal |ine of
action, rEGha6 ilhistnates thesdt of aultinleplatst (arst the npperipBS: 28bardatesening ust r at e
anot her enbodi nent_ of the present

] ] .lnvention that incor rahﬁss a power
del 1468y G GPHHEd s rApRUES B SRR o p@r%or%ﬁ& thids pises
: |.C at., 30 ' ' . g . i Sei
e R R e S b e e O S

mem, ' i L NG i1 §0 Rty phas 3330- 313.
e oL B At PHAE R RS il fifn | EXRIL AOMGBLrVGhY FhaS 33305
spackfwaRaht i@ Tapastos plaiar3 10s318] Mhs plad edht4vesi 16 thatexGnd Feréfyom may

i ntervening spaces 315, and each such plate includes, as illustrated,
i ndi alscchepartaliy erobedderttyaiisin3hecovskpestian 42 phees be dirpotedweibin § serig of

o 1316 BES Fueedgeeromsa it bore PRI B SpEartiah i PR T eRaE | ©

i ndi vi | at . { i

i ¢ oAl g o e PN EEAstiver ifucREOf FYCESy Lo BI85 of¥on VI 54 flor to

| ayef : daﬁlgf\bﬁﬁnta%vbpﬁﬁﬁoﬂ h ¢t ewiBiRis3kdctafe it Reposybleasidiver digfeeentt ed
rom r

e upper plate 244 in the vertical direction by the intervening
di el egltapéstol dffeenBfttsaotdhal® sustegsed. 5 eHOVr @ éanhsweher in the X and Y

directions by either air or an intervening dielectric in -
FIG. 39 illustrates a staggered contact arrangement that may be used with the power

delivery systems of the present invention. In FIG. 39, two conductive plates 244, 246 are
illustrated as separated by an intervening dielectric layer 300 and the contacts 248, 250 of each
plates extend downwardly therefrom at approximate right angles thereto, but the contacts 248,
250 have different contact locations in the vertical directions. As illustrated, the contacts 243 of
the lower plate 246 have a first length and the contacts 250 of the upper plate 244 have a second
length, with both lengths being equal as shown, however, the contact arms of the contacts 248,
250 are arranged at different elevations. This staggered arrangement assist in the reduction of
forces required for insertion and removal of the cover portion 112 upon the IC or its package in

that the number of contacts that engage the IC/package are halved at the first contact. This
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the spaces 315. It is also contenplated that each such | ower @Iﬁag@ 2008
310- 313 may have a 10 correspondi ng, separate top palte associate
t her ewi W0 spoashest t he connector will support four sets afCpPeszSHs3
capacitive plates in the enbodinment of FIG 32. FIG 36 illustrates the
set of nmultipl I ] j Y €khR
3 gt Bl B e B8 TR B R G
POr 4Lk, sfrﬁcﬁl{f@{o reducd! tAO1ik B8 R Bhortih© bR skciipitc@iinp durig dowleetibhii ¢ or
el ectrically insulative material. In this type of 15 structure, the
mat eri al frzano fiistEtdskell cavber gabsdimentldfZ yavwdr delivdry systerh nomstauetedng
spaces 315 between the |ower capacitor plates 310-313. The plate
contacirdaRtavitihtite prickiies dftiks pesantimsption| wherdis thepaweaidelivasysederad i t h
in the cover portion 112 or may be disposed within a series of . slots 316
5 f or imuddséhese wapariies platesid 8, AR AN 321 wbieh areseppted By dpiervgpngdiglpgiric
contacts. FIG 3 8 is sectjonal view of .the del ] ver tructure
of matereat lavess 3R9.1324s The (R Edption gapacttes platgs 3B 31 asgnierontisgled o ng
within a cover portion 1412 Wt IS, § | Lo i tigelbever
a1 et e el U s ea lietedsth RuRhteEfra heBR 356 Thye i
-2. : | dd HatdRs e midatd 8f Riferfo? RipeitoPSlaRMQIrEBM  t hat
nay%g&&gg%%v?n {hﬁefsﬁeﬁt%@o%er ebﬁg\tei very syste% of the plfagseﬁ{g i nvention. In
FI Gspading (MR 1P BRDY SeRloftigse 2etdact?348, 256, 313 droatramyed dramd sepperanetdr by
an intervening dielectric layer 300 and the contacts 248, 250 of each 25
10 p! atFshepseadidtioanyveystinfor hentedtimgmoatespmdingdontacts on thh1C ands packeger the,

but the contacts 248, 250 have different cont agt | ocations in the
ver tpower delivery systerm. in s form andrthe peeviqusdorpinay. pe constslepd InORE ANFEERS B at e
246 have a first length . and the contacts 250 of,the u have
=" o ceshile dneinsiatt athmeL i SReR LR Sodn nd ibFerBRRbeR ke T 12
contact a f th Sisted8i arsld 395 {hieh @At
el e dgﬁ’%ﬁé?‘saﬁﬁ?ssthgt%%g@%arra%é’gr?égr?e g({sngcgi%gg?ﬂe reduction of 30
for ' $QEd bPSAloWsQfm /o6t Be0ahatothat i€ be\dewnpardly and dlightlypon
theceﬁ@%?ailﬂtbéﬂggckage in0 tShat %{éﬁ% number of contacts that engage the

15| C/ naGMADS aAd &hiel téatinate ih iee bhd portivosn Bat that Fbfine innerFogtast FEHIHOES B
03/ 028095 PCT/ US02/ 30593 arrangenent further permts the inplenentation
of effthe sontaets.c Eatlasichisoatart asmaation preferably b an wpardly apgled confact surtage,
reduce the |ikelihgod of shorti an i Qgeurring during connection.
FI G3@dhﬂllslh'§?45’c%g“§melcfm to‘?”r‘i@?“eeﬁ‘f%eo‘g{tﬁ%ﬂ?/pg%agé‘pomr del i very system
constructed in  AC6O | ik BRbRAifRnPHalkle: PEaSRPtageMent i ON,
wherein t eﬂ%%\%ﬁwg)e(fu?%e%r acyggplg%g%gﬂ E&Pﬁ%ﬁﬁges t hree capaciI{or pl at es
318, 1%3%?@% et Whinkheading 1501000 RhRditicel oTiIeS d@Diplingdiaphaiahed becawdeati al
Iaye‘?s 0, 323. The top and bottom capacitor plates 318, 319 are i

201 Nt efhe ondcieaia durficoatdef the popednertmitioyn pipteshbi othel werds,asith thigernbediagnt, Ky

i nterconnecting nenbers 320. These points of intgeéqo nectiqn are
i sol mtpessihledo sapeasstteeicapaeitanes (angicyarert suppligdtobbe ) 18 theemediorspaial 321

Oy 8 SpACLIGL oF gleatance 22, Sols 6 HCRSUILARKR iRy BRted?S e

where the designer has a limited amount of space available of the circuit board, or in instances

where the IC is small. In this construction, the capacitor plates are preferably vertically arranged
25 in either a Power-Ground-Power or a Groupd-Power—Ground order.

FIG. 41 illustrates a power delivery system incorporated within a cover portion 112 that
fits over an IC 22 and the cover portion 112 has been rendered transparent for clarity to show
how it engages the IC/package around its perimeter.

FIG. 43 illustrates the exterior of an assembled IC package with the power delivery

30 structure incorporated therein, wherein the decoupling capacitance 42 is held over the IC by

means of a cover member 262. The assembly has a plurality of mounting holes formed in the
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10 of the power delivery systemfor contacting correspondi ng cont actﬁeon
the I1C or its package. The power delivery systemin this for fhbdid Q

previ ousyd 95 Respy be considered in one aspect as a nod its
structure which nmay be inserted into cover and socket m%‘@{‘?@ﬁ%@é Thi s

bl b bR B o B b
e Sabel T S L b A BT, v o
s L e

i nwar dl [ “sur is used to effect e cont act

Wt Oﬁnhg{ Qso&fe¥-};t§gekc%o%&?ﬁ<ﬁ9%m€ﬂ Badi8 _d@éodpﬂg% eflaSkarkB ARG doRsoreat €s i n

t hi's" enbodi ment e I nner capacitor ate has the effect of

i nciheRl N8s iiNBtrheHathe ¢oRREEdrmRE®r 012 ishectaiattutl sngremphepd anideshdodyse of
20 the increased surface area of the top and bottom plates. In other

wor stationi 06 thal issfoembed Gomemplprality dEsigesalstiod thay coopsrastvsly dafiae gasaedlt ance
(and current supplied tot he |C) in the same haorizontal = surface a{?ga
y be

pr owpeink 492 disprsed thenein thet rasetyps ferlC bR ihgepening AOAMEy he v o
Ci r bR Ste o B S SRGEGT REF GV e & BRSSP (s 46) tnd ¢
tructi th ] | - 4 25
BT A e T SR i iR
| 'H&ﬁﬁfefﬁh%ssa@e%‘ﬁge %M&hﬁ’vﬁi@%&@@ AppESHREY @neRtswidpobetl e BeTEr3pahsét on
at fits ove

112 an 1 C 22 and the Cover portion 112 has been rendered

tr agfRa) e odver pliteulid shclgesdirlveals ale I withgethe sodkbeconfiégackidgehar ound its
perimetér. FIG 43 illustrates the exterior of an assenbled |IC package

Wi t baptabitors @B reabive their powdOfrorn ra powier suppiy: A9 arounted ta the caryt bogd Agg RYt he
decoupl i ng capacitance 42 is held er t.he | C by. mean of %tcover tg;enber
262way el tracesetdGy 4hd sThe %?%P%Haﬂf"}og S ﬁ‘i‘?tﬁg?aﬁ%i‘t% ”FBr%Pr%ﬂ)c R #1760
6 FEB 2606 WO 03/ 02809 SQ2/ 3 rtion thereof for nounting
t he TSESEHNAG© f'ﬁT%mﬁﬁ?gctgFfﬂéng%éen%g%ﬁrbgﬁﬁﬂﬁgs nmeans 256, 258 for
mating wigih cgggéc%&%mpﬁé%eeikzs@%hﬁpop%ﬁ@wm,w ad otk @ dpesiapf|thagre

capaci tance FI'GS. 44-50 illustrate another enbodi ment of the present

i NV aRpb&A th hebidyhpotions@nitBe sdcket duminelctai sitiiwalls 40dc Kbe caagiterscamnieinde 112
whi ch” has the decoupling capacitance 42 incorporated 5 therein._ As

i | | ustiveatieusl caprcitoorsshown imEKED 44145 wmch@étzaﬁgmﬂ&lm’%m@gﬁféﬁ A1 fors hape

d h bod ' 400 th s, f d f | | ' [
301 comseh e BEPRS AP Bs PHECROENE B b eriey it st kal 4L R ' °
t ha]iapé? gslliti\égﬁpf{e{‘}\%gls QOI’L%%PrtﬁI%geer‘ﬁﬁgﬁﬁ]ég%g%% es A, fgﬁnﬁ thbeHatich edRive thbier ei n

t he crrcu ct with contacts or termnals

890164dE L Gas Afinhinkdih 2 ISR HRINS LADIRARABE hepaai 4 doakdtwdRsectorp (EIGAIABY of

di screte capacitors 403 each of which may 10 deliver the same voltage or
di f fiekerty pektioagsdevialls apprmgrhast @ height sicisdo dorppaslight vrecestbatvgili 32 (not

accommodate a heat transfer member, such as a heat sink 200. This type of connector may be

fastened to the circuit board with fasteners 415. (FIG. 50.) The capacitor-receiving openings
410 are preferably spaced apart from each other around the perimeter of the receptacle as
illustrated, or they may be spaced in different spacings that correspond to location(s) of different
power contacts or terminals on the IC.

FIGS. 51-54 illustrate another embodiment of a power delivery system 500 constructed in
accordance with the principles of the present invention wherein the connector 112 is in the form
of a socket 501 which has a plurality of discrete openings 502 formed in the sidewalls 504
thereof, each of which receives a decoupling capacitance 42 in the form of a chip capacitor 505.

A different terminal, or lead, structure may be used with this embodiment and the leads 506 of
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shown). A cover plate 404 encloses and seals the IC within thelddFBellt
connector 112. the capacitors 403 receive their power froma power
supply X0Boxeaspted to the circuit board 406 by way of trECEESI2(3PFG. 45.)
The incorporation of these discrete capacitors into the socket connector
fre%&h%%%gg@n%g W%%wléa@hd&gt§§eﬂb$alum@ha}iea sl g RARTOWHIRR terkfindibe
capacitors 3 are received w thin openings 410, such as slots, or

opeai fSend el 108p end 805 Rabsidhe Bppdstte bad §OPor frdectnids £09 thhemspbk edideredriect or
sidewal I s 401. e capacitors may include conventional capacitors as
showre dircuft ¥aard. AThe ®jre Wdvpcleadst 506i pass thoeuidhe sidewilisss0den{dke sprketfepnnector
connection purposes or chip-type capacitors 505. In order to acco date
t hed &2 hndawydslcasitnmoldsddy pirse thespingiugagamanyiague ofthe sefrkehernueser gﬁs

assages 412 fornmed therein which receive . the 20.].eads as t.o.nmi;ntain
D e Bt lopp ende> Ghtheresk A heBbs MRS pvGr Ly Rt ek ovill ke P e Ve dfelTelyg

¢ coesgatlih e ortt SR Eise et o RV Bt OB ot BERBOT
200 paitSof 48 fortin i S0B R ALes ToYa Rund @2 LRI 1S e CbE b 100Bkdni 1

faspgn e capacitor-recelving openings 410 are

pr ef shikblnte SP ARk and U0 wadlcqinb&br. AT ielestistsblre e hiserdfdirsiobr t he
receptacle as 25 illustrated, or they may be spaced in different spacings

t hatpewerasnnimdls whichcat anafg)l infa mitémeorartay thawecoropassesct plurality ef mi nal s
on tﬁe IC. FIGS. 51-54 illustrate another enbodi ment of a power delivery

sy s tseconSl)prefomablymentneaver terminads b aharsangsi tvithithihe stemer of the cImeptRE pr esent
s reveprAHedd Yhish seive &6 cenisnr i el o3C b A Rine B PORT | Ie86 . 50"
o Foprioyd imbratde o8 feb AT G EGR, B o AiiA0GR depk, | 10 20T
1520 5 B ST e e e e Tormed

| eady ok iwlthif tigeieckd lcohheshapiitwatintd fpumnat supporiviirdhe K@r In ordérdo at one end

in a loop end 507 and at the opposite end 508 in free tails 509 t‘gF?]E) may
be swtammedateghe idpeends pﬁtluiethm)ﬁa , 500 thevfranee § Hupay bapwovatsd asaldustiaigdo ugh

he sjidewal I's 504 of th Kk - 112 > oud
| prideeceres 518 Ui FRGlgpedin RREPT 80 b LT BRG] CEBRARTER B PPhe | oop
ends 07 L Bt 0F 431€ ARR inSdhlod Meb ¥nd RUREWotin or BBhink " Fhe Witel 1cdtRIRS

may be easily stamped and formed at low cost as part of an overall carrier strip 520 and may be

formed in alternate directions from that shown in order to accommodate the position of the IC.
The inner frame 510 and the sidewalls 504 may be formed together as a single piece by way of
insert or overmolding, so that, in effect, the inner frame 510 serves as a base, or floor portion of
the socket connector housing.

FIG. 58 illustrates another manner in which the discrete capacitors 403 have their
terminals, or leads 44 extend through slots 430 that are formed in the connector body portion
sidewalls 401. In this instance, the leads are connected to terminals and the sidewalls 401
surrounding the capacitor-receiving openings 410 may have excess material added to them or
may be configured in such a manner so as to facilitate the heat-staking of the capacitors 403 and
their leads in order to hold them in place within the connector body portion. Aliematively, the
discrete capacitors 403 may be completely encapsulated within the sidewalls 401 by sealing the
openings 410 with additional materials, as at 440, or by molding the capacitors and leads in place

within the connector body portion.
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contact with the bottomof an IC inserted into the socket connqeﬁgg J0iFhe
"l ooped" nature of this portion of the term nal 506 provides for a
redunda i iX path to the I1C and also | owers the ing, t he
term nalqiog&r{gﬁl%e overall connector. The | eads serve as @@agfso‘q%rst, or

"power" termnal s" which are arranged in a pattern, or array that
enconpasestlya FiGSr 36 nd5 Totre undarsidel perspeotize A5 of §1e-qoyfionenaerssd i ths 5o

arranged within the interjor .of the conpnectqr. rece C an ich serve
o Sxmes oy tn s Wubich stafy thABF PR Ao LA E S fiGs e

non- power terninal.s 550. .inclu P , Spring contacts and

t hec&agﬁqr plpfe n?lﬁ%ﬁéé"?‘ﬁ?%&% A Sﬁﬁ%"@"@%’%‘s dvitded as part of the
package T - ' tibfdl ﬂarféyheatﬁl%laﬁd KRBAGSEHRE of
sidemalIgﬂg8§$%@ﬁbgﬂgéﬁkért qggé?ﬁgh%iymﬁﬁﬁérd rto accgnnndate tﬁe | op
e”dﬁmﬁﬁeﬁeﬁéd VinhS dinSaesofiRSpretdi® ifveaiBn. SARy fEayrber ¢HaeactadBtic describbdiat 1 at ed

W t ecesses 515 that enclose the | oop ends 507 and which permt themto
def h@ebndin@est thbepedificadivh boshdvwar inengfont tiguteGnashiencanriseed widh iany éeature os ocket

connector opening. The wire |eads 506 may be easily stanped and forned at
| onckasttersticplestrited inanootbenpart efihe Bmclfyta%/lplp ongowaia apygthsepat gt hed i n
alternate directions fromthat sho in order tQ.acco dat.e th osition
of  svee PYGi Toent figHTfe FoF PERPIGASARER (R GDRY CHETERRIST S Ure, VoY B vEE
together as.a single pie by way _of, .. inse . i hat, in
of t BEpow et e Srrah ST b Yol el ool MRrtso R AL L B sl T
socket L ng. G Jl t et eff@Hagke | N Whi ch the
dis@%@ﬂgggggggﬁﬂggg%%gggﬁgégg?ﬂgﬁgkb%e ﬁ%ﬁgﬁéz orlgggds 44 extend through
sl ot's 43QyiilaiheMr&fefrel SRBodimechiT tBORRenti@rhdve dyerniotinand dsiatibed) it wilk01. | n
this instance, the |eads are connected to term nals and the sidewalls 401
sur beupgtirag tb tisose apiiled irthe medkatwhages padh megificationsragy brpadetieEds materi al
added to themor may be configured in such %h ner 33‘?ﬁyh$ faci htate

t he wthaut departingfrom thewudtgfhe yertiom thescape efgpeh jsgichine CRPYE hol d
themin place within the connector body portion. Alternatively, the

di sé & capacitors 403 may be conpletely encapsul ated within the
sidewal I s 401 by sealing the openings 410 with additional materials, as
at 440, or by nolding the capacitors and leads in place wthin the
connector body portion. -78 a 6 FEB 20RS 5 10 WO 03/ 028095 PCT/ US02/ 30593
Lastly, FIGS. 56 and 57 are underside perspective views of the cover
menber used in the systens illustrated in FIG 30, which illustrate the
pl acenent, in an assenbled state, of the capacitor plates 244, 246 within

their outer support nmenbers 262, 264. The specification describes and the
figures illustrate many features and characteristics of
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- the preferred enbodi nents of the pregent invention. Any f eat ur e} FER 2006
characteristic described in any one part of the specification or shown
in any one figure nay be conbined with any feature or characteristic
described in any other part of the specification or shown in any other
part of the same or different figure. For exanple, although the above
description has been witten in terns of power delivery systens, it wll
be a;ﬁ;ﬁm ed that the present invention, may be used for signal
transfer with the various capacitor plates being sized for optinum
per f dr mancAn eledfrotie patkacp £ ) spmpHSIBFbodi nent of the invention have been

shown and described, it wll a re f; L i
t hat changes an@f WFW%&‘W%%%@}%E@EOHE@ER%‘]&& glﬁ% asf\g/&mgdtﬁ%é %}Sép’taa?’t(’?%‘

fromthe spiri i ' ' dSh@RSeddppobitets thetopaider(68), byaterk
appended %Fl%ﬁ%g%EBE%E%E’}@EQ%&%&F%EBJ%O% An elpgctroni C. ?ckage 16)
conpri si ngsida(74)haeigattaied sirfaeitca@d )sphsedibegveco ghetopeidedBy) ‘ﬁé\ﬁflhbo‘@m
first surface area, a bottom sjde (70) havi a second.surf and
di sposed. opifediDewheretnbe g sSFiaes frois STRIFLbE Gioh o rus vy RS il 1R,
third surface arecﬁllsu?ﬁ di s&osed between the top side (68) and the bottom
si de (70), RfEFeR & ¥fifrd surface area is smaller than each of the
first surface anefzaNtbbiRnieepshosd fabebstnsside (M)gdke iotrgnaat dumit( 26)
di sposed at the bottomside (70) of the integrated circuit, (22@ f.or.

el ectri cal [(32)congkitrigally @uplinpmsrcicordugtos dieS38) eaaripd with Hie iptegrated circuit

integrated circuit 22) .to a sig al fransfer system (14); and, a power
connect i on ZD4p af bR SYstem(EXs %% ne of the top (65) or lateral sides

(74) of said i ntagg{(‘%g%gnﬂcﬁwm) Gj%%gseﬁ% atle@@itonk @R kHetos BM) lok Ngerklngdes

sem conduct or di ) to a power delivery system (12); characterized in
that, said (ghpetsainnegrackageitt(2}) for dectfiedly douphrgtheispraicgaduriorahic (&

portion (110) located proximate to a center of said top side (68) and an
out er porti@P‘YEI@G)“’%é&%t%I({%r%!@‘i‘?fﬁ?r@‘e‘gﬁléaﬁoeri nmeter of said top side,

and said power (é%?&ggé&ﬁe tRAgd B LR Gutler iiudifE bR mBOpdition ((198) of

said top side ( ctrohi ¢ package (16) accordi ng to claim1,
wher ei n' t heositedploxanite et caner(TGid thpisitie ¢18) and pu duter portipn §1083 logated
interface (76) for carrying first signal .of. a first frequ and
second si griapXimate i spELpeten offsgid @HF&‘?# SEI RO &%ﬁ?&b@ai}g@%ﬂ&flﬁ the
frequency that e dif r first frequency 3. An electronic
package (16'")“%‘51r %.581'? ﬁléjgﬁ gfﬁﬁa}oksﬁg 6 erein the signal connection (26)
further includes a first signal interface (76) for electrically coupling
first signal fromthe signal transfer syst emit 0, st%| d. SS]%%S&%%EE%) di e,

and a Zecondngiepiranicipackase AL acywylingdp claim 1, wherein the sign
further includes a first signal interface (76) for carrying first signal of a first frequency

and a second signal interface (78) for carrying second signal of a second frequency that

are different from the first frequency.

3. An electronic package (16) according to claim 1, wherein the signal connection (26)
further includes a first signal interface (76) for electrically coupling first sigoal from the
signal transfer system to said semiconductor die, and a second si gnal interface (78) for

electrically coupling a second signal from the semiconductor die to the signal transfer

system (14).



, electrically coupling a second signal fromthe sem conductor di thE tfﬁﬁ
signal transfer system (14). 81 0 6IFEB 2006 4. An electronic @i Qge
(16) according to claim1, wherein the power connection (24) father
conprises a bi-directional power path (24) including a power path (254)
for electrically coupling power fromthe power delivery systemto said
sem cgnducherel&bu@nic Fabkhg? é%)@uﬂ&dﬁ@tth clah ) whereirethe pbwecalnhyctbnypd) ng
ground potential from sai sem conductor die (5 8) to the power delivery
syst em ( 12furtter cémpmdes athi-divectiprat kevers pathe24 hisewingrpavest Opdi (3949 ohher ei n

th del i) 1 12 is d .ed f i d f duct di
e T
ower conn : L iR S reater
pover o hukAAIEy By CHEESD, GRETH DRSGARAGHAY bl oroater

el ectroni ¢ spakkadetdlde (58 eottdipdeet delbleny systbn {iBRrei n at | east one of
said signal (26) and power (24) connections is selected fromthe group

consi sting of a conductive connection; a capacitive connection; an
i nducti ve connection; an optical gonnect.i on; . nsmi SSi |, I
connecti on :‘*ﬂaﬁactaoﬂeﬁ ¥ E%esmék)ﬁ?‘?& “l‘%g?. &@1.-“ A;,;\r"fv h%feeuté tEh %@nﬁ%é %%@{}%@g?%ﬁl 2)

accordi ng ti?dféoﬂ- I EronE18d SdiRichiMucfRItliGk) ve connection further includes
one of the followng: a solder connection; a spring connection; a |and

grid array (LGA); a bin grid array (PGA); and a ball grid array (B&). 9.
An el ectronj c package (16 cordi.ng. tq claim7,. wherein the capagi{ive
conne& i on A% Ellgﬁtﬁ%[PgPF‘F&‘PE%iggg i Hgf" @BIFR CY%quﬁPﬁfog % F‘P&F%‘%S@éf hasy
plate, the fj | Lok [ [ j ; :

capaci tor pal %{rge.h fi%ﬂ%&%?g@{ @gﬁis gp% gég %éagleasﬁ%%c@orgd?akgm{ygfgﬁgﬁi@g{j
wher ei n sai@neag@mi(Réyye connection further includes a dielectric

mat eri al di sposed between said first and second capacitor plates. 82 06
FEB 2006 11. An el ectronic package (16) according to claim1, further

i ncludj ng a, sen_conduct,or o 5 i . t i i I
(26) " Sha podE FeBIRE ok [l astorle 86 1 Pbirtim B he F 3R Il GBR
to clai m 1landfiavei(zn)idogn&Bithe R3E1EEH0 frofti the (i conbistinglefs « asndceed r oni ¢
el enent chosen fromthe group consisting of. a m croprocessor, a.

control | er, CoRNAEIRAMY; § CaRaFi e, copneatiansan nfitive SopnesHER;An OPARY CADRGCHAR) 2
processor. 13 __An.electroni ¢. pack . ing to claim1l, further
i ncl udi ng atr?l?as%ssf‘?naﬁ%c %O%Pg(ﬁleo?',’ gmg%g?r(:fsleg%cq%?‘g{?% connection (26)

i ncludes a signal |ead frame (220) carried by the |ead

8. An electronic package (16) according to claim 7, wherein the conductive connection
further includes one of the following: a solder connection; a spring connection; a land

grid array {LGA); a pin grid array (PGA); and a ball grid array (BGA).

9. An electronic package (16) according to claim 7, wherein the capacitive connection
further includes a signal contact forming a first capacitor plate, the first capacitor plate

being disposed opposite to a second capacitor plate.

10.  An electronic package (16) according to claim 9, wherein said capacitive connection
further includes a dielectric material disposed between said first and second capacitor

plates.



, frame carrier, the signal lead frane (220) including signal conﬁ cta ﬁ@O)
at one end on the bottomside (70) ¢hereof for electrically co gﬁﬁ & o]
said signal transfer system (14), and a second end, opposite the first
end (90), having a signal pad (226) for electrically coupling to said
sem conductor die (58): and wherein said power connection (24) further

i ncl udes a DPEVBkrdreagadke e 6§ 2diding Rrdldindl, Mrtisaiitthidaga tgmimendiatorider , the
power |ead frane (236) having power contacts (240) at a first end thereof
and, | ocat é88)priootiicmiyecotupled 40 chidl sigral 426)sind gotver (24) eermetteisl y  coupling to
said power delivery system and a second end (238), opposite to the first
end, having a power pad for electrically coupling to said sem conductor

die (38). 14, elé&ro%hs%élag%%?as%ag(gﬁ%%@ggff%f&é}gtﬁc% Bnhcar didpshei n

said I'end frame carr ‘'east one el enent chosen from
the group GAASE&! dinWeHondt deAtRRGkE Fidin theyhaip aineistify ofe Find crogtectssor, &
package, and a printed circuit board, 15. An electronic package (16)
accordi ng teontbRéma memdry devies, aitraskmiiend raoai¥ar wwfoligasbprocpiekage (62)
adapted to encapsul ate the sem conductor die (58). 16. An electronic
package (16) according to claim 15, wherein the sem conductor package

(62) igm chogg @xetfrm[w&aga PLE 2€QRSIS ke NGinPT 1, MrtRéraftlidinp 3 HeATRmecabRdrani C

package and a glob top package. 83706 FEB 2006 17. An el ectronic package

(16) accor dindgs4id siphal conthdgtiont{26)dnciudesiacki mabicad finioet(220)deriedd)the kad par t
evel zero

nt oqr at i orfreB: FEver ongnLIEagraRs B0 oA S LT Hese BTt #4 Pedi
three integyatd on8peh)andiEyEor bRUbchIY RIpRAE ASaid signal transfer system (14), and a
second end, opposite the first end (90), having a signal pad (226) for electrically coupling
to said semiconductor die (58); and
wherein said power connection (24) further includes a power lead frame (236)
carried by said lead frame carrier, the power lead frame (236) having power contacts
(240) at a first end thereof and, located proximate to said lateral side for electiically
coupling to said power delivery system, and a second end (238), opposite to the first end,

having a power pad for electrically coupling to said semiconductor die (58).

14.  An electronic package (16) according to claim 13, wherein said lead frame carrier (220)
includes at least one element chosen from the group consisting of: a semiconductor

substrate, a semiconductor package, and a printed circuit board.

15.  An electronic package (16) according to claim 11, further including a semiconductor
package (62) adapted to encapsulate the semiconductor die (58).

16.  An electronic package (16) according to cleim 15, wherein the semiconductor package
(62) is chosen from the group consisting of: a plastic package, a ceramic package and a

glob top package.



17.

83 06 Feg 2008

An electronic package (16) according to claim 11, wherein said semiconductor die (58) is
part of an integration chosen from the group consisting of: a level zero integration, a level

one integration, a leve] two integration, a level three integration and a level four

Integration.



