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No. 60, 325,107, filed Septenber 26, 2001. 5 Background of the Invention The
present invention generally relates to systens for integrated circuits.
More particularly, the present invention relates to a power delivery
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devices. Historically, the nunber of transistors that the electronic
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are anticipated to be around 20 nanoneters (nm in size and should permt
t he manufacturers to build mcroprocessors containing a billion

transi s@org %éoctt&urcw}ﬂtqﬁﬁg&gs approaching 20 GHz and operate at |ess than
one vol t=w _ years. These new transistors, which act |ike
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mGropr g(e:r?nsc%(r)lcrl&tér géhn%ﬁ)\é?l ig f’flsetcg{e 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

20 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

25 extending the rapid advancement of semiconductor technology for another decade by building
the even faster silicon transistors. These transistors are anticipated to be around 20 nanometers
(nm) in size and should permit the manufacturers to build microprocessors containing a billion
transistors which run at speeds approaching 20 GHz and operate at less than one volt within the

next few years. These new transistors, which act like switches controlling the flow of electrons
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cl ock rates, higher power, |ower supply voltages, higher DC currents,
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generation of sem conductor technol ogy has reduced power supply voltage to
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t %Oi TPT QYR 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 t;ansistors on and off, by shorting the high
frequency noise to ground. Lower frequency bulk éapacitors (such as tantalum capacitors)
subsequently recharged the high frequency ceramic capacitors. Various rules of thumb exist for

25 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
inductance (V = L di/dt) and resistance (V = IR) have been nearly negligible relative to the

30 tolerance of devices in most systems. Similarly, simple rules of thumb determine the method for

decoupling the high frequency noise.



reliability. Lower power supply voltages should | ower the power
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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
25 levels that cause unacceptable voltage drops along the power distribution paths. Computer
systems 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
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
30 the microprocessor to minimize the impedances and the resulting voltage drops. The location of
the power distribution path on the mother board takes up valuable space that could be used for

other components.



still have a | ow i npedance to mnimze the resulting voltage drops.
Typically, the voltage variance at the voltage regulator is |ess than
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microprocessor package, and ending with the die. Since this approach bypasses the motherboard

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
25 package, making the path of current flow very short, reducing the impedance and resulting
voltage drop. However, semiconductor technology has not advanced far enough to provide this
level of an integrated system.
Microprocessor response time or transient current requirement (di/dt), i.e., the rate at
which the current demand changes is another power-related concern. Varying computing
30 demands of the microprocessor requires varying current demands from the power supply. The
computing demands vary because of high clock speed circuits and power conservation design

techniques, such as clock gating and sleep modes. These techniques result in fast, unpredictable
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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

25 space to accommodate them. Unfortunately, larger value or size decoupling capacitors consume
more area on the circuit board.

As the switching speeds of the transistors increases, an undesirable amount of resistance
due to inductance, associated with the interconnection between the semiconductor die and the
decoupling capacitor, increases according to the formula (X, = 26fL). The longer the conductive

30 path interconnecting the decoupling capacitor and the semiconductor die inside the
microprocessor, the higher the inductance. The higher the frequency of operation of the

microprocessor, the higher the resistance of the system due to the inductance, and higher
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III. 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
power supply noise. Although signal integrity has always been important, in the past the

25 switching speed of microprocessor transistors was so slow that digital signals actually resembled
high pulses, representing ones, and low pulses, representing zeros. Electrical modeling of signal
propagation was often not necessary. Unfortunately, at today’s microprocessor speeds of 1 GHz
and above even the simple, passive elements of a high-speed design, such as wires, PC boards,
connectors, and microprocessor packages, can significantly affect the wave shape and voltage

30 level of the signal. Further, these passive elements can cause glitches, resets, logic errors, and

other problems.



WO 03/ 034799 PCT/ US02/ 30589 Typically, a mcroprocessor makes contact with
t he not herboard using galvanic (i.e., netal-to-netal) connections such as a
| and gri owarsag479L.GA), ball grid array (BGA), pin grid arcayusiPes39 and

sol der, to transfer signals between the m croprocessor and the not herboard.

As the swtchi ,ngl speeds of the transistors increases, an_undesirable
amount of redyRiICahe @ THGEOPIQsessor miakes eontast wib tsanetheogpdiusingrgalvesiedies i ve

interco ' : em C i I i NS} e .

i o1 opr BREh ub PSR RGRE HARFUE Rhylr By BAPER R Pt 0 (.
= 2df Lyrrayl{RG A panganldeheo aansferadi gnats taaw denithé siczoproestorad themegeiboarid ugs or
die in the _mcroprocessor to the notherboard, the higher the inductance. A

hi gher theasyiiching speeds pé thettrappistoss ingrgases anrupgeiableamounhokissistanes djiede
| st gl : ' 10 thi i st
e "B AE, 0ot D03 O BLERRRERL Wl P8 By Ly Ry g ot once

desi r ablseated indidethehid€ropfoeedsortel thn o tHefbdahE irtr el achaddthegas thdrhiRqXeacyY
of operation of the mcroprocessor increases. O her disadvantages of
si gnal i A8Lyi Ahe mgercthe gendusHyapath infereonfiegiingotbie semisondustordig imrthe 5, 629, 838,

issued Mavy 13, 1997.. An in i radeof f . exists.between increasing the
dosi r ed gRBLr SN pE OB EF Heal RSB S AR IR e S RE PRy 'y
of the gyehkeiitrobfoctiRBE CaustEhighdrsedistARRUuE € the ikdiBtaABR bilte sRARNPALS ahbe
operating frequency of the mcroprocessor to increase w thout degradi ng

t HE i nt Bug fesigtanee ¢ansessd lyjghgr voRegerdrap of/the signaldavel. Therefore,dtistdsirabdatbor mance

and mnini.ze the.cpost of jintercannectipn.technol sed .i,n hi gh- speed

G o hlhiffad A8 uffiEhot? oht et IR i f O R0 fohbmtoR g6 MRt b oS SR e o

in sem GRAME WithéRhHAhRENes R MshAlthg Vi & EHILOPRS DR BtstahedisE183%a iR LIS Hatent

performance and are smaller in size, which di rectlg affects the design of
¢

t he m ch6RP 838 sswed Mryciiad@97. FAr engiseeripl fiadebft exists betwisemnesing trcdesiged
design include. curren er. contact a er .sqcket, .the nunber of ground
and powkPeTpiHE KB D PP Rt S SapE enel PR gt BB act o 28 per
sqgar e area, Hehi&, R RGincR F&ihh sybtem tHM'ﬂéﬁflitsOﬂ}lebﬁ&lﬁﬁn%ﬁ&%ﬁﬁ&}fﬁoﬁﬂg total
contacts per square area, the Contact force along the Z-axis, the mated

cont act mhgbgtucesserte isérgasalwithentiddgiadmg thh entegdyriof tedignabrSwthe system, ward

ot her factors. .Increasing the.nunber and power of transistor . t.he
i or opr BRSEWE? thepErBaTI A PuiEies the foY g SEe e AT E TR SRk M el |

as incrg&gggi%iapsigm%gigg; ground and power pins. 30 Increasing the
performance of thée mcroprocessor will need an increase in the nunber of

signal contacts and the sem conductor die size. Increasing both the power
and performanpce oft I Eer rp'Pcrclosgr oBessor wi Il increase the total contacts and
w4l de as 2 easing -7
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
25 per square area, the contact pitch, the number of total contacts and total contacts per square area,
the contact force along the Z-axis, the mated contact height, the signal bandwidth, the
semiconductor die size, and other factors.
Increasing the number and power of transistors in the microprocessor typically increases
current per contact and socket as well as increases the number of ground and power pins.
30 Increasing the performance of the microprocessor will need an increase in the number of signal
contacts and the semiconductor die size. Increasing both the power and performance of the

microprocessor will increase the total contacts and will decrease the contact pitch. Increasing



WO 03/ 034799 PCT/ US02/ 30589 the nunber of total contacts while decreasing
the contact pitch will increase the contact force required along the

Z- axi s WWON3/084797 equi re an increase in the mated cont act Po&iught/30589
Increasing the frequency of operation of the m croprocessor will decrease

t he signal bandwi dth. Hence, it shoul d be understood that engineering
t r adeof the nemibsr offetsh gontass while decseasingrihoeetuact piiclhvdbinerase the ponac fotse es s or

havi ng opt im design.. V.. Thermal, Man ment. .Advanges in

er ect Fofteu Tl b At PREERHeH IR, et BB R BB PR A Ao ot
snal | er theifeeQuedyi ofloptrafish bOtht RfiE@pEREssbERill ARPREIhe @ignalbhniGaith dEBSdd 1.
which in turn may cause 10 thermal nmanagenent to be given higher priority

i n packshpaldlesingderstepdihptrengingening tradspffs exisigmangdhesg dagters in gxgler to produce a
rrisr Oopr 9eessor s, t\%lglhera perif claregiancgal idncr eased |l evel of integration, and
optim 2 BYTRRIOSFSSef; e vig AL qRRIILes PaLKAe; ﬁﬂg?' non-uni form heat density in
certain areas of the mcroprocessor die. Heat generation and heat density
continue to increase with nore advanced 15 sem conductor technol ogy. The
rel i abi Nit yT'nérnzal ssor is exponentially dependent on the

operating tenperature . of the dje.junction, .which de ds. on the power
consuned by (RGeS ReBR i EE e e RO e T HEPRSEREhe o
the m CEAPIRCESS VhidhSedPlodh@base® hd @eARhti STPRRAIRIEIR LSO, Whidh int@nlR8Ecause
regul ator. Both the efficiency of the voltage regul ator and the power

cdfsunethehyaltrhanag@@enrtobe given highst priveity onpicliagedtsignde nhaantainFeliabdupwplle, a
vol t age ,;requl ator operating at 85 percent efficiency and which drives a
mcroprg‘?:vé or consum ng 120 watts of power, dissipates about 18 watts of

power. This powWalcréptelesttits, BightP pa¥EithahéQ MR RV EIRFMibSIMbR0LAG and
m croprocessor to cool the devices in order to maintain their reliability.

Ther ef oogtimeatiengfi die size hgs led adiaghdr nexiupiform heatwlersityl inceattiingrenbhef thel t age
regul ator _near the .m'groprocessor to mnize jnpedance anﬁ}ét he 2

resul ti MCTORIOEEGY o calsNEau FItPabtiiiy Coiiup BLRFTeATs YR mPs: %fg@_eced
qqul at Qo Bidulcto? @echﬂao%ym PRORIAGRESH ﬁlfardpraueggo%f‘s ér)r(gené}ﬁﬁh% defaralticnand

r
heat density. Hence, thére I1s a need for a therm nagenment ‘sol ution that
per m t soperitinghtempemature of the digrjoneemowhich deperlds oattiedpavemiconsminted ey thegul at or

to mnimze the | npedance and resulting voltage drop while efficiently
di ssi pafrWtWéﬁtVll’@éﬁ%aﬁﬂwoﬁnd heat density to maximze 30 reliability. -8

VO 03/ 034799 TRC{ VA ah ROREPor ML mibofiokl30BERaLIeE td MibRAdIMAREEment of the

voltage regulator. Both the efficiency of the voltage regulator and the power consumed by the
20 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
25 resulting voltage drop, as described above, and locating the voltage regulator far from the
microprocessor to minimize the heat generation and heat density.
Hence, there is a need for a thermal management solution that permits a high power
microprocessor to be located near voltage regulator to minimize the impedance and resulting
voltage drop while efficiently dissipating heat generation and heat density to maximize

30 reliability.



Sources of electromagnetic interference (EM) em ssion include the
transistors within a mcroprocessor and signal paths on circuit boards and
cabl es. TWo oaioss7epr ocessor is one of the | argest sources POfl/USMY/3G(589

conput er systens. M croprocessor clock signals have increased in 5
frequency to 1 GHz and, beyond today. At 1 GHz, these clock signals can
gener at & peiremagnelic IAHINEreneena| s t hat reach 5 Chz, and both of these

I f.
?)Ir gggr tsl gﬁg? ”s?ﬁr%ﬁ% efk%.fxg‘\éﬁgd t¥cn¥1te ee(ﬁé? gﬁﬁb {m&?otn lﬁélﬁdé ﬁx\éq{] 51stt¥)ﬁs within a
freque nﬁﬁcropme@b@aﬁdeaigﬁahpatwhm%)ardsﬁw catsbd. Whe&nféﬁbp@é&kdo‘{@s &ifel iRk or

cover is used to control EM. The shield is grounded to 10 provide a
di ssi paiamgt paneesios EMIHa CEIVPUQGD systeanee AYlicraprogessor clock stgapls hgvenncisagsdiar

t I t f t h t
cr Sate BenyPews b oRmd i EoAdoRRE A LR Pl R Bin fFBOR TR E o s
in the sBi@ndy BRhilk thaeMach 9 GIESARELIR bLMBR difiRlsSithelath EMaR@védwsht he shiel d

hol es nust be sized so that the EM does not escape, but airflow is not
restri ckv@ﬂelsmgths)that arh@wwlymrommgmlm thgueequencyiod thel signeb (g itke kigh¢ritbe hol es
inthevfrhleld g Elc\ﬂﬁ%’g alﬁge but the smaller holes restrict the

ai rf | ow S5 %0 %Sl?o S’Ya}vﬁtf nc engi neering tradeoff exists in
sizing the h?'yﬁi%al'l)n atcbﬁdti-’clﬁ'VSlsl‘ﬁefd%r“c@ﬁer@@@éeﬁ@&c&fiﬂ)l EMI. coRtsictBRfounded to

pur poses. The shield may be |ocated at the m croprocessor or chassis |evel,
orlObot hprovits a dissipasing petisfootheddvibiogirexsnt tdromi gllferfenaaweﬁnyhd:rammmm cIhs gnal s
that ca hat, | oc 20 the shi el to t m, Cr.opr ocessor
. ef £ SREK BRI o RO bR e e PR & HeuF P REvaB s SRS B
Local i zgcherAcah& RN HOWRNEN IR éﬁtﬁeﬂ}{'thé ﬂﬁ’éIH'p@xtrﬁE EMI'thsdé‘Pé ﬁu&lé?ﬁhe shield,
circuitry inthe conputer sys% but it also restrict he airflow needed

t o di ssaphthes theeshmlcbh‘nipsmostshecs:zedhedtat thal EMF dexsinoeésgape, het atlssissiobf t he
conput er es. t e airfl

hi el d, whi i
SR S S N e tg?lafe%ﬁflfcg'%wlstrsqﬁ%sm#@? B e e ¢ o

295in tb&ltéﬁﬂeﬁ%uﬁhg bR hol & Y&l S Rh it MR LRAHbIESSr BFRh. NBh&Sak N the
chassis for bl ockage, but reduces airflow Gounding a heat sink that

| ocat edemgfacermgerademff episte resiging theshalesan tier shielg ta for ceclingeand EBNII cditaiement, EM
fromthe m croprocessor that couples with the heat sink nay cause the heat
sink toPH®PSEs an antenna and radiate the EM. It is difficult to ground
the heal si nifnt Bfiekidhf BirtoBRed AR ORAAG35R50RACHAGR otlbr Bofr1 @ Or oundi ng
t he heat sink nmay rgﬂd{:e IC—Z)Me thlﬁs éofiﬁg?ono al one n%y n(gt {)e sufficient to
pass renticropbcStl ganemsdsahe high fiwquehdylihtinoomid sigitlethdt cayseBlylls thatdoesmgry to
bl ock the EM . Therefore, there is afrt]eed for an EI\/{1 cont ai.nnment system

t RSt - gth‘mh(péc} elgsertodhemioropigeessergney 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
25 in the system. A chassis level solution requires small holes in the chassis for EMI blockage, but
reduces airflow.
Grounding a heat sink that located near the microprocessor is another way to reduce
EMI. However, EMI from the microprocessor that couples with the heat sink may cause the heat
sink to act as an antenna and radiate the EMI. It is difficult to ground the heat sink through the
30 microprocessor package, and although grounding the heat sink may reduce EMI, this solution
alone may not be sufficient to pass required FCC emission tests. Additional shielding may be

necessary to block the EMI. Therefore, there is a need for an EMI containment system that



contains EM from high frequency signals w thout conprom sing the thernmal
managenent of the system In sumary, systens related to power delivery,
si gnal trepgBes479package design, thermal managenent, andPelrasoysnsagnetic
interference (EM) emi ssion control for an integrated circuit 5 are needed
to support fu e.and.current advancenents in sem conductor technol ogy.
Summar yCQﬁtalPﬁéMIn@%Wt léhﬁﬂ@l?&?ﬁf’lﬁ’@aﬁ?/‘,”lth?utiC§mé’r‘§%‘ﬁ’é‘|gé]|‘e iraal Mmapagement ¥ esent
i nventi %Sﬁ'ﬁeﬂ ovide an inproved power delivery system and apparatus that
over cones e af orenmenti oned di sadvantages in delivering 10 power to an

i ntegrated cinrsumirhary $ystents relatadpy poger deligeryasiphal tsnster, ppekage Aesigr) eheginblc Ui t
board. Another object of the present invention is to provide a system and
appar at (jenagsment 30 gleromasnstic ierigrenge(EYH emtsion cenfrql tpgan intagrated gradte or

Moe CaRRAGHeL Mo tiflorefufirs HAPAIHGEaVhncdindiNlseficohlfidAbHIRIERS! L hat

engages the 1nteg circurt. urther objec presermt’ i nvention
is to provide a connector for an integrated 15 circuit which incorporates a
power transfer nmeans into the body of the connector, and which is

pr ef er aBummanyofthe hyvention| yvi ng power to the integrated circuit along the

i d _ . . ! . : h
nunber Cof | cofdtupiely. irlh EYREEDefcl St pRfI{eiRth i Pigf ah M Polty oo
i n turndelveepestent el dppatatus thatbveRdmed tHens@tinemivhed Affadwntdges inl delieeriat ed

circuit fromthe connector, and frees up additional pins for use in signal
t l@nsmi BeWerro apdntegrated ¢irevip mithpet acprminslaege amaquats af spagstongheeirait bogfdect of

& © angegraied . . et togyeet of
ci thor & sociay et o eensy etk B fadehrafill aXFidm AR backe b0 i Lo

f or ned bfw[cﬁh;jg‘l?owérhs afi da@rhleatEcuinby udlidige aie draasi chymitoBitrdt apd @EF@rtéd”l@I
are separated fromeach other by a dielectric material, preferably in the
f or m of a goYdrloppinilie meaphst thabengapes the imtegrataé eiretihar at ed from 25 each ot her

with the powgr | i ver nber, whereby.the capacitors supply.a plyrality
of i fer onts ARG phEERHen AR i AErFAREE Bl KRRy BerRlet 2
fust her ciahiiehicR indofforREEs poWer tRMSRE i@ iitol the B6@VOUBe SorMOYF, afl@whY@ ¥

menber that int ea%at es one or nore capacitors therein and which includes a
pl ur al i paefasably sepableefsupplymgnower b the intpgrated gireyitialong thefsidgaor vperidhege | eads

on an inteqrated cjrecujt he | eads. bei di sposed 0.around the t

ot +om BIeErEL et bhichiembl g BR0G{oRT A MRREBF fonad il ol ndelfL g one
i nvent i g thSintegrAEPYik@Rt Whibh, 3k BFHTedRRE KRUIBrde Refuited kS MmséPand RRHVERRCE ON a
circuit board and which does not rely upon gal vanic coupling to mate with

| eads int€pry@l 03¢10BATRIhe@NNEINOR 8D &8 up additional pins for use in signal transmission
20 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
dielectric material, preferably in the form of a film, the capacitors being further separated from

25 each other with the power delivery member, whereby the capacitors supply a plurality of
different voltages to distinct areas of the integrated circuit.

A further object of the present invention is to provide a power delivery member that
integrates one or more capacitors therein and which includes a plurality of individual contact
arms that extend therefrom to engage leads on an integrated circuit, the leads being disposed

30 around the top, bottom or sides of the integrated circuit.
A further object of the present invention is to provide a processor package that takes up

less space on a circuit board and which does not rely upon galvanic coupling to mate with leads

-10-



on a circuit board, the package including a housing that receives the
integrated circuit thereon, the housing having a dielectric plate form ng
a wal | ofwblms/oboesi ng, the housing further having a pl ur @drngsozBoseont act
pads fornmed on an inner surface thereof to which are term nated, |eads of
the int e%régt ed circui the djelectric plate separating the inner contact

It, )
pads of OB RETAYLRYFE e Berkass wrluding ahoysingthas secstyes thednfegrafrdinelit isreosee of
the cirgui : id ] : hopsi hei i
u th corttoudAghevink I AHGE pRRThAGERA & ind Nbsiroip HRUBE RIBELATRES, | o
coupl i nplutdiey ebedntse padsdforhédat arsingasdurfacathsieof tof witioh hleaerniihstegd, aéald of tHec Ui t

to the circuit board, the housing further having at |east one capacitor
suppor t Bdear#ed gisgut, tth?e‘}lﬁlafféfé iplads seprling thegnrer sopfastpadyef the hiawsingfrome

S5 S iat o) TS AU Sk BB BB,

r transter connector ClfCuits,
t he conhesiny bdimkalighed héthf cofrespohdmgeonrct prsbe thetdi@tit bsard db leapsbitive
overlie an _integrated circuit nounted on a circuit board, et her or not

the i népling dereherwenniioetfeshsignebimansfar fiom He ijesteicd girgyt tegthe cireiit basyd the
mber | ' hd f ' - i t t
i Spos ol ik tPler e Aleloncp ABRUEL L L BREE e PRAL0 RRTRINE 8o Bl oo

t he capefpdvadr tplirtigegfatdd drnitact i ng conductive traces on the integrated
circuit when_the cover nmenber is applied to an integrated circuit, the
cdPacit or pl Xeezstibfusther olypst of heqresent IpeRIONUMEOPravige pPaYYer fransssPregtor o
them angd_sel ect i. i (n r, o4 h i nte ted girguit as
needed. e Sp Bt FEIR MBnRRIE ulife ubfFore BF RS Rt Bt b 70 o

from edinh@kiohb®tosovdeise A1 inte@fut@f citdd rhdtinb@lr it £elrcitibobiid, whither @t the
elimnating the need for power contacts or 20 termnals on the circuit

board ointggratedheirgratismevgtesorikun anecyating secket theegyeragemberingluding e phirality

therein_and .a reduction in the ntip ofce requir ar. the i nt egrated
ci'rut + o &Pl Bk P e sy B Bibor @l Bl P Bfecid G el 2
sUst em andirARRateHdus: frdiatthe phdfor blatd! fyr InPActiAL SoribEVe frated oltHe iHREREAISSOr
and whi ch incorporates neans for dissipating eat generated by the

m cr opr cicastswhendhe cover oprmmber isappliodtornaniserstadrmircniibe cananiterqddapsalesizely
th d.oth bj ect : it i que. and.. | structyre. Th
s AR ars Tt PRt b MR AN B B S
vol t ageintdRaud atrQfit ANel&, tRNdpslserpntd (BniGAB %ﬁtﬁé%ﬂfg&hc% htddigted Qih’,lfﬁitoffrom

discrete and/or integral capacitors. The voltage regulator nodul e and the
decoupl eitier dapaddstaatereofzhe integrited oicaitie thergbyzlivonmatimgtty n@d fopawerggaigets ot he

| C. Th t take,th f . ket , t hat
eDagos TREARON the Btaih R BbfhemotRin s ERe it GareSissadimita! R or mor o
si des Ofneldiahda reliiBtiorshe MolRtng f&?detf&ﬁu@d%lgtﬁ@hnt&glra@& EREuiByst em t hat
couples signals fromthe ICto a renote circuit, -11

Still another object of the present invention is to provide a system and apparatus that
capacitively provides power to a microprocessor and which incorporates means for dissipating
heat generated by the microprocessor during operation.

25 The present invention accomplishes these and other objects by means of its unique and
novel structure.

The power delivery system of the present invention includes a power supply, a voltage
regulator module, and decoupling capacitance in the form of discrete and/or integral capacitors.
The voltage regulator module and the decoupling capacitance are each located in a connector

30 that engages the IC. The connector may take the form of a cover, a socket, or a frame that
engages the IC in a manner so that the system delivers power to one or more sides of the IC. The

system may include a signal transfer system that couples signals from the IC to a remote circuit,

-11-



WO 03/ 034799 PCT/ US02/ 30589 |ocated in the connector, on the circuit board
on which the ICis |ocated, via a conductor or a PCB trace. The package
desi gn sywDeni0df79¢ he present invention permts signals an@CoruSpysessdto be
coupled to one or nore surfaces on the IC utilizing connections that are
out si de sh. with rec ssed o th m conduct or ckage. This
package® &éEeH tl?fgf’féerﬁ?% szFW b‘éﬁrario 1IhtSe f(Séﬁ'IIQF"é?‘iJé(ba &p H?tglg?‘ba have
di ffereppgfggguenci es, such as high and I ow frequencies with different
types of signal |nterfaces such as conductive, capacitive, inductive,
optical, trdhs padag@desﬁgnmfsandoﬁ/tm Plessis invehigorppeEsi@tn bighaly and/bopovadr 30 be
conterrpl at s a thernmal %ﬁ errent ééﬁact to its va[ll ous 10 systens in
whi ch aSPHREd Q98K ORAPTSSYr the dC fifizing cgniegtionsdhat sEneside. fush ¥ithanner

Sugh  Ndeosdk BB R o g@me@aggg?g%gﬁgé (¢ PacRadle iSRSt BBl feats Of

the ICso that 1t may dissip eat” ge
power déieitvamsferrsy sﬁgamhs to hmfleuiﬂffe’rgnttfmqummlésagﬁh rag glghaind rlowm‘ﬂqh@cleu sdth

t herein. t‘l;?e present, qventl on further utilize an EM control system
t hat |sd1r ot /pss opsignal dpterfacgs syeh %‘Fﬂ‘i’é&?tbiea tapacive dueiive.cgifdt ed by the
IC. Al &?h% Y SlEWBeedvant ageously permt increased interconnect
densi ti es uced circuit board real estate and | C package vol une, and

i nproved pr oﬂrhe bresam i vention alag camtemplates alhdrinhymardpementasgectdies valjuect s,
f eatures and advant ages of the tpr esent invention will be clearly

urlfer st Se¥EMRTIITRYEh & heal sikgad gt may pe afiachedfq @ﬁm@ea@f i W%Fé%‘?h thet on.

descr i pitcceat PHEiaRE: Phualt ot Reralind HErCOU BE 10 bo 1 B I il both
dr awi nghedt gendrated by BedC dndithe poxizemlelmcrpaystérhpmkludn@ghamlfafge rdpaldisraachisé

aspect of the present invention 25 illustrating the association of the
vari ousuﬁe)?istb%fﬁ’él aspects thereof with an integrated circuit; FIG 2 is a

detailed blo

al tornat i ve. ToeBieBd NeBliod Ay 7B X a b cduderd (iR SebAB G byt bt 10
aliser natheudnféidie6 khioldSEME tagiaed bthe 3¢S m&mfaﬁae@wemfhﬁntagébus%enﬁ@, 4D
and 4E are diagrammatic views of the integrated circuit of FIG. 30 1, 2

and 3, increased iatarerpnpetiensites pduesdegisuiy board roal estatgrpid AC prckage sglugie and
respecti velo¥i(§ r%duél?nan%%cc%ﬁ%% aﬂﬁ?él%@ﬂﬁ}’ﬁ em aspects of the present

i nvent i OHP"
These and other objects, features and advantages of the present invention will be clearly

understood through a consideration of the following detailed description.
20
Brief Description Of The Drawings
In the course of this detailed description, the reference will be frequently made to the
attached drawings in which:
FIG. 1 is a functional block diagram of the broadest aspect of the present invention
25 illustrating the association of the various systems aspects thereof with an integrated circuit;
FIG. 2 is a detailed block diagram of the systems of FIG. 1,
FIG. 3 is a table listing alternative locations for each of the system aspects of FIG. 2 and
listing alternative connections between the system aspects;
FIGS. 4A, 4B, 4C, 4D and 4E are diagrammatic views of the integrated circuit of FIGS.
30 1, 2 and 3, illustrating increasing Levels 0, 1, 2, 3 and 4 of integration, respectively and the

package design system aspects of the present invention;
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WO 03/034799 PCT/ US02/30589 FIG 5 is a diagrammatic view of the integrated
circuit of FIGS. 4A-4E illustrating the IC package design power and signal
connect i owe 0Bf34ecor dance with the principles of the presear/uSonsessd i on;

FIG 6A is the same view as FIG 5, but illustrating high and | ow frequency

i | 5 f to di t d f C.  Fl.G 6B i
sarme vi o o PR 58 R e g iy ed GRS REI OSSP htrebBe ghdC
(1ow) %%H'&Y orSpditiland §f gﬁﬁlfc%ﬁﬁ‘&tlm fathc8drBark@ WRtATe %Hn&?@s SO pidset Of

thelntegra dcircuit; 7A 1s the sane view as
i |1 ustratventgordi f f er ent flrst and second signal type |nterfaces coupled to

di fferent si f.t elnterat rcu1 ;. 10 is.the sane yiew as
FI G 5, but gf‘ﬁm@‘} }SaPF? Ffﬁn%n’ %ﬁ@ ! “é‘ﬁ%?l%ﬁghﬂldﬁweﬁwen%
erfa CIPRA: ane side of the integrated circuit;
I . frft‘érgdlg@é g(;gp?&@%D gr%@%ddegé)?{a}gmgfl Cc cross-sectional views of the
integrated FEIG.aB is thé sdﬁh@ﬁﬁwéh@FaGdS ,but ﬂllulsmhmrgqialrmgf ﬁﬂfse(lsglgraaﬂ satodd glowpower

connections | ocat ed outt side,. flus 343 recessed i nside the

semi con&GEYBFY pigBxdpkeriages wi}le%areggupl fofheisaee s sgﬁ%g%ti FEcWhews of the
integrated c ,

| ocati ons of Ff(ﬁ? él%ﬂ% Sﬁ%ﬁ%&# %p%@e?%:%ﬁklggggtlogﬁﬂﬁﬁmnk %‘gg%{?ﬁ}c%@%x%ﬁ;ﬁ %pot tom
and/ or #iteERentoripiel mmhﬁqemtwttsoft}muntbgrat%kleﬁcult OA 1OB and 10C il I ustrate
a plan view of the . integrated circuit, 8A, 8B, 8C_ or 8D,

arld FI G 5, RHvify isihgsameasmt sty énlartéhlusaam d’é%?ﬁ“é@f% apdyzesonditygpof he 20
t op, o ]{]Dh;% nting the package
desi gn g@“ @gﬁ]{eﬁ%c%cltgge?%ﬁg% W tﬂﬁ%‘ﬁ% %(sr}{rtfé%ﬁg z{tﬁpénle?%?t g of the present

i nvention. FF(&S.18,i88, 8C(hnﬂ@l)amwgﬁanﬁhﬁuﬁirbm%btloﬂaBWewﬁ of the integragsdat ed
circuit of FIG 5 and | ocat in a _connector; FIG 12A is a di agr ammatic

el evat i 6Wat Qflﬂﬁsoflctaﬁé S Hblét@%tmgéhe signal and/oppovpr onnegtiprclgpater outside.flush
connectgvr1 fl%rgqg m§1d8‘ﬂ¥eesrem(?éo PQ‘? Ileﬁhtcﬁe%at ed circuit; FIG 12Bis a
el eva R

di agr amm ional view o grated circuit of FIG 11 |ocated

i n5a connect BIGS. YATBB afl $C aeckfrarhinatic views by elte inkgrated @] Skhowndnli t ;
FIG 12Cis a diagrammatic elevational view of the integrated circuit of

FIG 11FiGEarad 8A13Dallb’c§ﬁﬁfél%ﬂ e lacgtionspiale sagral angdorn pogter cartastpadhe he
: 2: gg:: g%eggecglvggca) tbbtt Iglgfleﬁr il%gs Of%h mgeg?g &ll’ﬂ:%tl C el evatl Onal VI ew OT t he

_ coupe rel’mte circuit located in a
connector or FpGSd 0\, 10BI dnd hoaribustrafe? plan view of the integrated circuit, as shown in

FIGS. 8A, 8B, 8C or 8D, and FIG. 5, having signal contacts and/or power contacts located on the
20 top, side and/or bottom of the integrated circuit representing the package design system in
accordance with the preferred embodiments of the present invention.
FIG. 11 is a diagrammatic elevational view of the integrated circuit of FIG. 5 and located
in a connector;
FIG. 12A is a diagrammatic elevational view of the integrated circuit of FIG. 11 located
25 in a connector formed as a cover of the integrated circuit;
FIG. 12B is a diagrammatic elevational view of the integrated circuit of FIG. 11 located
in a connector formed as a socket that receives the integrated circuit;
FIG. 12C is a diagrammatic elevational view of the integrated circuit of FIG. 11 located
in a connector formed as a frame that receives the integrated circuit;
30 FIG. 13 is a diagrammatic elevational view of the integrated circuit of FIG. 11 coupled to

a remote circuit located in a connector or on a circuit board;
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WO 03/034799 PCT/US02/30589 FIG 14 is a diagrammatic el evational view of
the integrated circuit of FIG 13 that is coupled together in a stacked
arrangenmewo;03654299 15 i s a diagranmatic el evati onal vi ew ofPCrhuso/siseqr at ed
circuit and renmote circuit of FIGS 13 or 14, with each such circuit

including a yoltage regul ator. nodul e and decoupling 5.capacitance |ocated
in a connect 5?&’ ﬁ‘ﬁg‘@a di%T?@métlﬂFlﬁ‘é‘?té’ﬁﬂ]a‘fl?‘ﬁo they gr@%gplr\gp]éﬂ,f BIG.{lgdhat 1s

i nt egraES’lﬂ)lEd{o‘;%feriﬂr&%tafcﬁg@ﬁﬁan%%%#ﬂét of FIGS 13 or 14, with each circuit

i ncl udi ng "a voltage regul at or and a decoupling capacitance; FIG 17
is a di agranfiGi 5 elaelaframmatic vieemionf] wiéwe of thedgegiated circtic dnd reaivde cieduit
circuit _of 10 FIGS 13 or 14, with each circuit including a_ vol tafge

regul at SFCRDAGr é4-akith ereb Sugh siFryit inclpding f yaltagc resuiatenmeduls and deqeuplingar d;

FI 18 ) [ i ational view of the integrated circuit and
re%ot e 8%@5%%gga%c§%ﬂ8r \f’14, Wi th each circuit including a voltage
regul at or no#lGeld dcadiegrammatic etavatiaiabviewaofdhaintgenedtirouls ahdpatote@ireait of

| ocated_in a connector; 15 FIG 19 is a diagrammtic el evational view of
the int E§Fada@r &4 with eachsirepip istuding 3 valtage grgulafgrappdide @id aydecoypling each
circuit c%[%}t%{_gieng a voltage regulator nodule |ocated on a circuit board
and a decoupl'1ng capacitance |located in a connector; FIG 20 is a

di agr ammat i c FetieVaid Ddiagraiinitic @fevitighal Me@sfahemtapraiediditcutfan rémotd Lircwinbf ned
with a thermal nmanagenent and el ectronmagnetic interference (EM) control
syi$t em F¥OS P @r 14, pviths eagh cirguis ingbrdingomynliage esgulsfor anedseandrgsowdivgc onduct or
packagecg%ﬁ%{#%c%%dioql ?ﬁ&ﬁ{%p&e with the principles of the present

i nventi G W an upri gah sem coriductor die and capacitive type signal

interface, WFI®. W disgiapinid elevafidie sieteofahe infegrdtéd cifdutt and 2ZerhSte@ircuit of
cross-sectional view of a Level Two sem conductor package constructed in

accor daf¥eS W3 ©on 14.rithedcheirpris inchrdingevaltage eqgulatarveetulolecaied pn a condusipsd

sem conductqr die and .25 utilizi citive type signal interface and
power it e pindibaciiie e P etulf8les ' Crrcurt: TR G 23'is a
crigss-secti opgds. M M&E%&H@dt@emﬁ&ﬁev@fx{ dfltke intebratéd éirchith@adterhibteleiroBNber
attached thereto; FIG 24 is a cross-sectional view of a Level Two

seni condl@$ d3 opdtkuigfecashicircuih ingmdings volRge segnlatumaestsolocaiedon & gpewt boaréd
Lype of i gnal. i At LT 2R 20 Ak PoNSkoaHPP! i ed fromthe sidewalls of the
package!
FIG. 20 is a diagrammatic elevational view of the integrated circuit of FIG. 11combined
with a thermal management and electromagnetic interference (EMI) control system;

20 FIG. 21 is a cross-sectional view of a Level Two semiconductor package constructed in
accordance with the principles of the present invention with an upright semiconductor die and
capacitive type signal interface, with power supplied to the side of the IC,

FIG. 22 is a cross-sectional view of a Level Two semiconductor package constructed in
accordance with the principles of the present invention with a flipped semiconductor die and

25 utilizing a capacitive type signal interface and power supplied to the side of the integrated
circuit;

FIG. 23 is a cross-sectional view of the IC package of FIG. 21 with a heat sink member
attached thereto;
FIG. 24 is a cross-sectional view of a Level Two semiconductor package with an upright

30 semiconductor die, capacitive type of signal interface and with power supplied from the

sidewalls of the package;
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WD 03/ 034799 PCT/ US02/30589 FIG 25 is a cross-sectional view of a of a
Level Two sem conduct or package of the present invention with a flipped
sem conduwO®B/084789 capacitive type of signal interface an@Cpamser/3usent acts
on the top of the package; FIG 26 is a cross-sectional view of a Level One
sem conduct or HBaCkage with a flipped 5 sem conductor die, capacitjve type

of signal inFHEsfiRds a&mfstﬁ@ﬁtmalc‘dﬁwé@@f o hevah d wootsmigondpetor paskegsrofitee)
circui tpresén(t?'”m\% tl%l’? w?th%rfﬁéée{ds ﬁﬁéo%ﬁ%to%’ & VX gzclﬁ%ergt)?gfe%%%ﬁrger c’é%Hh })oﬁér

FIG 26, carrie connec ecou

capaci tammﬁaﬂtﬂa&aﬁoﬁthelpacl&lgm lar to that shown in FIGS 12B and 19; 10
FIG 28 is a erspective view of an | C assenbly incorporating systens of
the present Gi @ia@rpSStSﬁatonalsVlmpﬁ@&ea@ Que|sempégondygorpagkagsnvitice dippgdckage

carried_in a ctor for [ ket

suSpor t &Y u3 le §apca§%§t8|t¥paen°cf§1galndl ntt an%orﬁg%veﬁ?%ﬂ ‘%on eei%p 8X@Foded

vi ew of n{t@a@&@ﬁ@m assenbly of FIG 29; FI G 30 is a cross-sectional view
of the assenbly of FIG 28, taken along lines 30-30 15 thereof; FIG 31 is
a cross-sect Fgﬁam iy peypsefsectional view phths miperatehcirsuibabTIG. 26nerriedbya sogket

oo poqprifhetlok that fibpBhk B ARaflink 15l ERE Ad hENSH! SRaHlomaethobf i

of the pIGSa?B dnavi®nt i on, taken fromthe underside and illustrating an
alternate means of 20 supplying Povver to the capacitor structure thereof;
wHér e the | CFIG. X8gs mdrsasctaelve%o g &s&ﬁﬂdmmmmtlwm@é Oéﬁlesﬁ@ﬂmt | n

FI G 4C FI.G 33 ective anot her, stem asse

cover  amania e s Tofrd s RPIIRE SomitGed i ptnelE SRR R PHERET AR 2
havi ng %}n@ataﬁra@aterrtﬁ@a%ét&t tlﬁ@ilﬁb@éﬁé Ndedod l‘?ng RPUEHanSd 1 heat F;FI G 34 is a
perspective view of an alternate enbodi rren? a system assenbl’y utilizng a
capaci tor poWEs. 2985lanemybéttd‘uewwféle@wsmmasmbanKh\Z@nt| on in place upon a

Shi,package iy Ja100 2, IE8N el SRS ERHDI I Lhobg i Lo

parspecicy&rvi ew, taken fromthe underside, of an alternate enbodi ment of a
30 capacitor structure used in the power delivery systens of the present
i nventi on an8lGsdfisk cfass-sectioppl wiewof e ltanatesystaw ejssmbly qoostrctedoinan | C, - 15

accordance with the principles of the present invention;
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

20 supplying power to the capacitor structure thereof; where the IC is formed as a level two
semiconductor package as shown in FIG. 4C;

FIG. 33 is a is a perspective view of another system assembly cover used with a level two
semiconductor package shown in FIG. 4C, and having an external means for connecting to a
power supply;

25 FIG. 34 is a perspective view of an alternate embodiment of a system assembly utilizng a
capacitor power delivery structure of the present invention in place upon a chip package and
having a means for communicating with a heat sink;

FIG. 35 is a sectional view taken along lines 34-34 of FIG. 34;
FIG. 36 is a perspective view, taken from the underside, of an alternate embodiment of a

30 capacitor structure used in the power delivery systems of the present invention and useful for

supplying different levels of power to an IC;

-15-



WO 03/ 034799 PCT/ US02/30589 FIG 37 is the sane view as FIG 36, but taken
froma different angle and with its housng renoved for clarity; FIG 38 is
a secti o osioasmwof the capacitor structure of FIG 37, takerusat/snsg |ines

38-38 thereof; 5 FIG 39 is a partial end view of another enbodi nent of a

capaci tor st tur.e constructe ' ccordance wi.th the principles of the
pr esent invehfq?' 18 Hif REGiviRYY §g%gﬁ;?t&%rﬁ%%3%fgreé&ﬂ’ééaﬁ withdis bopeng
FI G 40pdysR fgggkﬁ,;tg:d perspective detail view of a corner of another
enbodi ment of a poWer delivery structure constructed in accordance with

t he princi pl BEG.38 it heeqiioaslenitw ofitherbpaitor thcaned of FIGu STy akemgond Ends38-38
nore than two capacitor plates; FIG 41 is a perspective view of a power
del i verSheFF@ﬁ'fber of the present invention nmounted within a housing nounted

tosan IC wi Fﬁ(}étﬁqs Q?Hﬁiap%@wggﬁ(ﬁﬁﬁgﬂ{lﬁ)@hnéﬁ bt & bafabitd strublufe co%gtg{gég@n

end view of t section o IS a perspective view
connect oracsdrdandeuwith thepsinciptes ed therpreeanindaaioa and hhvihg etagddreppower lpddss of
the present _invention; FIG 44 is an expl oded view of an alternate power
del i ver §*teydingHherdioftr ucted in  accordance with the principles of the

present invepid op ;@ &Wﬁ pg&tshééti%g drafd VRS 4 SorfRlr of 'aﬁ%ﬁ?rté?nqu@qgﬁ gf a

capacitors supporte ousi ng that supports t I's the
sanme Vi powasielvédy stHdctuldonvinidied inacerdpraanithshapssuipleeof the gakbtin@atian 20
cicruit board; FIG 46 is a sectional view of the assenbly of FIG 45 taken
all8ng | pbidlugsating the usecafmmore thap twa papagiter plateSpect i ve vi ew of the assenbly

of FIG 45 w : LK o TRIPES 5 4 - ly; FIG
48 is an enY\gfr(g'eﬂ 152? afs?éé\?ll%gw of @f;a déﬁ@%ﬁ&% Hﬁﬁr{ebegg@g%gfe%&gfl 9\?—6?1&6[}?45,
i |1 ust r mbuntgd &ithZda Howsingeheurted Rcdnt 1Q), withethe hh\sirg showh hiGnsphfent forala#tgt | onal

view of the connector assenbly of FIG 47 taken along |ines 49-49 thereof,
FIG 50 is ahl@rfi2ds geandieeyiaf the saiie ot IHE. 88r ner of the assenmbly of FIG

45, il lustraty ; . i ni enbl v i I .30 F 51
1o an ent ar g s PEOPEIE FeaFO A (oRekb B RS sy Bl RESna sfibiine
cqsnect princi 661 the preRentiifveatié® dance with the principles of the present

invention illustrating the use of wire contacts that contact both the IC
and di scr et eFKapddb paexploded view of an alternate 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;
FIG. 45 is the same view as FIG. 44, but with the components assembled together on a
20 cicruit board;
FIG. 46 is a sectional view of the assembly of FIG. 45 taken along lines 46-46 thereof;
FIG. 47 is a perspective view of the assembly of FIG. 45 with a heat sink member in
place upon the IC and assembly;
FIG. 48 is an enlarged detail view of a portion of the assembly of FIG. 45, illustrating a
25 discrete capacitor used therein;
FIG. 49 is a sectional view of the connector assembly of FIG. 47 taken along lines 49-49
thereof;
FIG. 50 is an enlarged detail view of the corer of the assembly of FIG. 45, illustrating a
means for retaining the assembly in place;
30 FIG. 51 is an enlarged detail view of an alternate construction of a socket connector
constructed in accordance with the principles of the present invention illustrating the use of wire

contacts that contact both the IC and discrete capacitors;
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-16 WO 03/034799 PCT/US02/30589 FIG 52 is a perspective view of the
connector assenbly of FIG 51; FIG 53 is an enlarged detail sectional view
of interiwomnead A" the connector assenbly of FIG 52; POC®USSZ30589 a
detail ed expl oded view of a portion of the connector assenbly of FIG 52,

Sillustratipg the placenent of a discrete capacjitaor therewith; FIG 55 is
a perspecti vgﬂ;’/igé\ﬂﬁgﬂ’e’ﬁpicé‘ﬁ VeV %ﬁtg? 501818ﬁf105?%§f>1ﬁ§fy|°3£&§- glrseq in the .
connector  agReMAl Y 1R EnifielH d il_sEdttﬁﬁgl vibw QP thtetor A “AP4RE éérﬁh@ctgf%éaggfy' ‘e’lﬁ q

views of the cover nenber” used in systens 1llustrated In
10 FI G o5BG.$2an enl arged detail view of an alternative manner of nounting
a discrete capacitor_ i conpector fo the present invention. tailed
Descri ption H(—gﬁ‘fés Pﬂ@ﬁag?‘f@ﬂ’?‘l’é{%ﬂd’&% %Eoﬁ‘ﬁ’éof‘)ﬁ’@%ﬂ‘iecf%\?éﬁmbbhogl Pect ed
tocan i Io¥ 6 ¥ : dwgnal 15 transfer system 14, a
pacs:kageﬁglg{s?%(tg t@%tﬁg‘?n %,0 a tsﬁﬁﬁﬁ%g&r}%%%n@#? system 18, and an EM
control systEIG.23 if apesdpedtie Rikw oF £ceridr safjticantdiniog paatie dseddu dhecsnmedtsr i n
sem conductor technol ogy have and will produce ICs, such as
m cr opr #EEERLrA FIbhat: have faster clock rates, higher power, |ower supply
voltages, hi Bies. sBGndUHTENlRerdd Mol ARNTEROLE (EESRR hibmlBL LR e VO! g8
mar gi ns, hi gh non-uni form heat nsities, and increase requency EM
em ssi ossten?illAstedtéd mrBIGhaheind s t o t hese advancenents incl ude
m croprocessors that have increased _interconnect densities and inproved
pA8duct manuFKet3$riann eplesged detail aigvapf an alipratixemanpsl of mauntipg a dissetaur er s
anticip ; ] sors typically will require 1.0V or
| ess op r%‘élwﬁga%ﬁe&g"gw?ﬁ&%ﬁﬂgﬁg g'r current, 300 A/sec or faster
transient currents, voltage regulator efficiency greater than 90% voltage
regulation within 5%or less, and voltage ripple 25 less than 1 % These
r equi r eDetailed Deserdption, Of TheRretexrad bmbadimentvt over present ni croprocessor
desi gns, and.1 r 22V, e tSti i J. uture
packag: ng.wi 1T Fieaa AERRAGHE SREDt M Fa iRt Bty et 12 M gl
t 13nsf efransf@Gyaeinnd, a phekap@liesi P8RRI b thekid] ibhagefRhe Fstem18; afd 85 BMI
invention is directed to I nprovenents for these systens and others, all of
whi ch weantrobeystsn 20 401 ap 16147p direseativnsrandigipgiediad wadernews in searemideeipr 30 FI GS.
1to 20 nerally illustrate apd FIGS. 21 to 58 nope, partd cularly
1 ust r st pahas BRI lenicrob g ol PR SRR aeem 1a,
t he packpgsr aﬂ@r,gawéf/éi#psm vifbtagéd) ﬁifhémc FRrehtR RS BRAsi & Sheeitd, SarroRer t he

0

EM control system 20 for the IC 22, all in the different
voltage margins, high non-uniform heat densities, and increased frequency EMI emissions.

20 Ancillary benefits to these advancements include microprocessors that have increased
interconnect densities and improved product manufacturability and reliability. Semiconductor
manufacturers anticipate that near future microprocessors typically will require 1.0V or less
operating voltage, 100A or greater current, 300 A/lLsec or faster transient currents, voltage
regulator efﬁéiency greater than 90%, voltage regulation within 5% or less, and voltage ripple

25 less than 1%. These requirements present a significant advancement over present
microprocessor designs, and microprocessors having these characteristics, as will future
packaging will need new support systems for power delivery, signal transfer, packaging, thermal
management, and EMI control. The present invention is directed to improvements for these
systems and others, all of which will beneficially support advanced semiconductor technology.

30 FIGS. 1 to 20 generally illustrate and FIGS. 21 to 58 more particularly illustrate, the
power delivery system 12, the signal transfer system 14, the package design system 16, the
thermal management system 18, and the EMI control system 20 for the IC 22, all in the different
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-17 WO 03/034799 PCT/ US02/ 30589 enbodi nents of the present invention which
are illustrated therein. FIG 1 illustrates a general block diagramof an

el ectroniwodems4reo or system 10 that includes a power deli Peryussystsem 12, a
signal transfer system 14, a package design system 16, a thermal nmanagenent
system 18 nd an..EM conptrol .system 2Q for an |1C 2 Fl. 2 illustrates a
nor e de?faP‘i’ﬁ@eBﬁSSE Qlecﬁrﬁifpg Veptiogrwhigh, ang IBW\?@Fe%d]é?rF’\‘?e%}q 1s‘ﬁ@ﬁ¥i‘ltestar%‘?§ r and
packageneR iy of & Bledfonfd dévick or WAHGH 18R HdRiel B Bowk LA QSR AITANG

and between t re power %el%nverylsg?%gm 1%, ltp(ihe C@lﬁgenaﬁotrans e ys?t elranﬂ%4 and
t he packigom tdasfegsysensismpbbkdgerdesipe sysen2 26, FthGma3 nanagerhenid bystdnb 18 heaid ani st s

alternatjve locations for e of . the systemblocks.illustrated .in FIG 2,
as wel | E’?é coptrel sysier %pofr(‘)?ﬁé’&fég%'sl: AN RTagE R %?Pr’i?rfjétatﬂﬁ@ blackdgagram g2 eé ther s,
4-30 10

i L at e [ j j : 22, as
shoun 1 PR EY SR ahschariackag FGR BEHSIOTS, RS chilRpk e
i nt egr ateddioaship aibng asd bétewen the peiver dQivehyesysgnl 1l; dhiceddgnah transferaystemt 8 antil 2,
formed as a cover,. a sock«i w O &{,Eéama, or located on a printed circuit
boar d eBykape desigy SYFiRm éf%‘itb‘h 6 and/ or power 24 connections formed as

a conductor ﬂ‘%(? 3?1% g/ t?&ée 36&‘%1@1@%&&5’&% lé%aéonggo%ichl& tﬂ@%esgrﬂl i)llol:kksitll{lgtjfage& Wo

arrangenents as shown in coup to a renot
ci rcui tinSG. acad well aguleermanc@aieciond H6twaen and andiBiht byksterkr bdsks. FAGE94-10
illustrate the I1.C 22 and the RC 52, shown i 13 and 14, having a

2 FIGS. 13
vaPt agelllugigate yppusymckaging %MFthg?gé@éhﬁ @H%%@%&tﬁ@%ﬂﬁg Fliseatéd in

one of r . Aol . . Or any
conb nat o NEBER" 2 ool e ERRREIRE, oS Mowbln A 5 beifBedddin 2",
havi ng eernhectdet H, ferntdd s heobéren sadkeryana gaine)dér 164#¢doon 4 Sristad cirdigt tddkd

em ssion 20 control system 20, as shown in FIG 1. FIGS. 21 and 22

i |1 ust r {SB)pddend havagisignakisandier ppwer &4 conngetiqns formadaagiargndusier 1 16 md/oEt s

cystom T0F TEPRERE ALET OGS 13 R ie &P anabdR @ dl 255 14 2

paskagel desuglad tey snedte citéuif 51 lotdted InG Sohnbavt Y GOy PCBN1ACFEGS.aGated on
the top of the IC 22. FIG 27 illustrates an assenbly of the system 10

usi ng t Hastrate st 1G22 andgip RGhS k- peshoygr InfHIGS: 13 end b, bavipg ajvpltegareglatoyd® i ous
assenbl i ews .of the.syst 10., FI GS, ..and il [ at he cannect or
11, r ATt Bk e S O ol e coptiBn 2 S e PARRES

fornmed ags,aRoh MeBTBI114,C3RAG cb@binaffdriFheredf FIG. 24 illistrdek S 1€ 28 hé Shiswn in
enbodi ments of the decoupling capacitance 42, fornmed as an integral

capaci t BIG. ldahaviegimigye detajlspdtle emmal inanaganzant sxsteie ¢ 8 end the EME gnisgignas a

ot he CrrbRTpRI 200 el BEd: 490, 31 R AU EpReB Sl SReRe 18561 ©

??Qﬁg' t HeIC 22N inehINEr Ehifta@O el oh tHelslde SIANSRT2ASFEG. 28QMGitrated afASdeRiblpr a
of the system 10 using the IC 22, as shown in FIG. 21. FIGS. 24 to 26 illustrate package design
systems 16 for the IC 22 having power contacts located on the top of the IC 22. FIG. 27
illustrates an assembly of the system 10 using the IC 22, as shown in FIG. 26. FIGS. 28 to 31

25 illustrate various assembly views of the system 10. FIGS. 32 and 33 illustrate the connector 112,

formed as a socket or a cover, having the decoupling capacitance 42, formed as an integral
capacitor. FIGS. 34 to 44 illustrate various embodiments of the decoupling capacitance 42,
formed as an integral capacitor, carried by a separate or integral connector 112, formed as a
cover, a socket or a frame. FIGS. 45 to 60 illustrate various embodiments of the decoupling

30 capacitance 42, formed as multiple discrete capacitors, carried by the connector 112, formed as a

cover, a socket or a frame.
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-18 WD 03/034799 PCT/US02/30589 Referring back to FIG 1, it presents a

bl ock di agram of an el ectronic device 10 that includes a power delivery
system 12v0a3msgeal transfer system 14, a package desi gn PEIEsn/iBGs9 a

t hermal managenment system 18 and an EM control system 20 for an I C 22. The

t [ fi ' test uytility i ith 1Cs i he f
b “m o opr oo B8z Pk 516, Haueienios tlbek dnden i elstpopereniont R i1
be u ndefrﬁ}lﬂggakt}@&r ddliveRf dySehPl 28 sBRdl SinsHe E*lsi&n TRYa RRkARRs B sydtomaisher

| Cs used 1 n other applicafions. The power delivery system 12 provi des power
t o t he therm@anansigementtsiystewi IPrmld anEvib¢atros yystean2d briandG2Pe Mhepragmatl s t o and

fromthe 1C.22. The package,. design. tem cqncerns. the construction of the
packageMERtHLTRIsHE STFRLGH ERHOIR 459 ith %3%53%5 I f TRLCIQRERQCESOF {82t 3te PoRg) in
magage t : I ' TN 10
e onrRf e Sf SR 1k eliicrdiod i s BRASRIeL A SEEAENAT BE abifea

del i ver to cthatl€nuidl insotheyapplechtibus. t Pie do@e? delimeryeystend 12 ppovdes powaneche Bh 24,

that preferably includes_both r and ground copponents_(not shown). The
power am‘}@@t%ﬁﬁlgﬂl AP FERYSIBIA FrAnTTEEnals fpa méhep%%%rglm Rackage

bi - di regtd ' - o) |

poner dor gy B AR 9 (oSucinh BT R 3l Foel T ou ik Iy h Y REIC A fRal B

r epr esehtld, whidg thenlsbrpat Mmahegengnt systead] & cowia th &C RC dd&ng opdringonptheeof ael thver y
system _12. The signal raﬁrlﬁjsfer system 14 js coupled to the 1C 22 by way of

{
a 19; gnaﬁl\’gtﬁﬁﬁ%]tﬁyéﬁg?mz@, blogls BMI fgtn qrieverddhele?dr nmore signal path so that
o gnas _ I ! : .
singl e si gnakg, gg»\gexbc?el&%;s,?gtgﬁlol‘r%rl%ﬁﬂq?%t% thORE B@b?%g%(‘i;%ﬁ)b%xec%gégﬂh§4my

be routed over arate exed over” on nor e aths’. The
si gnal ganpetirasly idbludtsSvth foweraind igadiingd camponetits @ot stonal). Thapewsd on t hat
represents signals routed fromthe |IC 22 along.the signal transfer system
14, andcymgpiins24 lusieied indiiGShé &Zaghis praferablyady-dirgetiong] connegdionifhat| ¢ 22.
The sig ' ' | 0f l.on.

packago el BOSR, botnd REAd YoMl defiierf QD pldhaoiBh b8 o G,

the 25 gpnatinatetremesdis 4 freuhdpaR beihg 2outedfieh thoIGWL? to the hbwehdéclivary sysem
af orenenti oned systens 12, 14, 18 and 20. The thermal nanagenent system 18
is prefé?ably coupled, or attached, directly to the I1C 22 in opposition to

26, whi cn 1 oaPbSHRaSEpls A PP s AP ATHIC 2R S o IR oARBRREACE

bi - di r eghichnady incRIABBHE bOMoteksigAPHAE 86 thah siafledighalshadyetst rouaM afongRidee | C 22
to the thermal nanagenent system 30 18, and to represent are cooling

di r ect epaths end mubipleignas maw b suvedQves separate nahs o mulgiplegedover omp er mpre
C%t rol pastMss.t i szlgnah Toned 1<|)ne 96 51?0 Eshperetle%b?yza Qi\-/(%{recgg/lllal %81’?1"116%881% £t r?é%fesérn § EM
signals routed from the IC 22 along the signal transfer system 14, and signals routed from the
signal transfer system 14 to the IC 22. The signals typically include data, and/or control
information.
The package design system 16 is typically inherent to the IC 22 and includes the
25 construction of the IC 22 in a manner to work with the various aforementioned systems 12, 14,
18 and 20. The thermal management system 18 is preferably coupled, or attached, directly to the
IC 22 in opposition to a heat-generating surface thereof and preferably over a heat connection
28, which represents a path for heat flow. The heat connection 28 shows a bi-directional
connection to represent heat dissipated away from the IC 22 to the thermal management system
30 18, and to represent are cooling directed from the thermal management system 18 to the IC 22.
The EMI control system 20 is coupled to the IC 22 over EMI connection 30. The EMI

connection 20 represents a path for EMI 30. The EMI connection 20 shows a bi-directional
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connection 20 represents a path for EM 30. The EM connection 20 shows a
bi -directional -19 WO 03/034799 PCT/ US02/ 30589 connection to represent EM
30 gener aved3andr adi ated by the 1 C 22, and that radi at ed PConesondsosshe |C
22 by other circuits. The 1 C 22 includes a sem conductor device having one
or nore of the charactefjstics and . requjirepents scrj bed above, tq
suppor t STHECHRR/R senasest ML gl esesiaied cad FadAteshRY (g %ﬁcmzizthﬁtsradlstes iy @Latey a
m cropr r ] y al so be any other type of signal processor, such as
a digit§?§§§ggggpe%?g§éssor (DSP) or application specific integrated
circuit (ASI Che IAR? aichales uatmticonductgapaicope hatifg appdi madei of ise, chiatieteli€ticdZnday
be anot her type, such as, a nenory device, a_controller, a transmtter or a
recei vefequirpaeRp.«tesiigr abonsy fuippert dieadaanced semicpndyctor technplogrnd e Kny2 is/pe
of cel ecjrl / ' [ t j I gukts,
sudh acPiesaitly 3cbmel Rok R AL Be LRARY BifRr hpebr BRI PBNA B0 RABMIAE,
conput esignatgyodeyyoir CREPYyori applicationwpedifid Aitegpatsd cieasti(ASHC R nAllterAigtivebg ak

conput ers, handhel d conputers, personal digital assistants and the |ike.

The t ePRIVOPRAINARMICAEMNSDGIlE L2 mMpbeInothertyPResich A f EEOEY Aeich, aspnispller, a

systensﬁm%%hﬁ%kh%ge&%§£ens, m crowave systens, |and-based tel ephone
swi tching 'systens, Internet systens, and wirel ess 15 tel ephone systens as

wel | as | nt eThetlestysiieddvicd s byRBmSIY of HIS. BPRshrdsents anytypl o€ elbicsiaind@devi ces
and systens include diagnostic, analytic and treatnent devices and systens

a8 t hemerleaicahsystesgs thetriss éntegrgted s¥ctpy sush agggMAerspielgsempumication myk t abl e
devi ces_ar,e i cal t e ferr i .1 . I
Qo vor pRhal SRR e sYsARe FHRIBHER ot Bpichllg iRilacPork U, AsRBPSha

repl eni ghebook ub$, hahdifel dedthiaers Hetstingll digied] assikti9ind tBE)ik@omes from the
power delivery 20 system 12 by way of a rechargeabl e or non-rechargeable DC
power stglgsommunicatipn dayieesciadisyesms ey iaplederommygreationesysteas;, ppsellite fysfemsav e

fixed del ] t that dr. tq th | i
Syt em TEAPRPERSteln g b Edh b s s P R ey g AR RS ) e
Ugygal | yteidpsRe S@MnEaSs wedlnisahierddd SysfmPRR bs §edvdrCamPioBferd) ERUREI N Aevibes? 2
draws DC power.” However, in sone applications, the IC 22 may draw AC power.

25 FI G a systetwstin¢liéeldibgrnsiic,dinalytia and redtimenisievwes angl syistemsane theddie \Adt of

i gnal f d k desi t 12, 14 & 16.far the |G 22. Th
Sover IR aRtes JRD T TR Dr BRReTe DRUERE diniredriay Bk vt dan
bet ween e RNeIeIPINY daivbry HRtehPiHapEfeh Sttty wHiBHite8s tofbe pepiolRERY

regul at or nodul e 38, a connection 40 between the voltage regulator nodul e

and a cplemighed nJuadapatablealevises drawadireshevatent dXCYppwer dront the pdeendgdiveny
B RRE VTR RN T R N
Electronic devices that are not portable are those that have a fixed power delivery system
that draws power to the power delivery system 12 in the form of alternating current (AC) from an
AC power outlet. Usually these devices convert the AC power to DC power because the IC 22
draws DC power. However, in some applications, the IC 22 may draw AC power.
25 FIG. 2 is detailed block diagram 32 illustrating the power delivery, signal transfer and
package design systems 12, 14 & 16 for the IC 22. The power delivery system 12 includes a
power supply 34, a connection 36 between the power supply and the voltage regulator module, a
voltage regulator module 38, a connection 40 between the voltage regulator module and a
decoupling capacitance 42, a connection 44 from the decoupling capacitance to the IC, and, if
30 desired, a connection 54 between the voltage regulator module and the IC. The signal transfer

system 14 includes a remote circuit 52 and a connection 50 between it and the IC, while the
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system 14 includes a renote circuit 52 and a connection 50 between it and
the I1C, while the -20 WD 03/034799 PCT/ US02/ 30589 package design system
16 pref erablog/od47ed udes an | C power connection 46 and an | ECIIupnzb05389
connection 48. In operation, the power supply 34 nmay generate a relatively
coarse regul ated DC po agﬂ t he power connection 36. The voltage

regul at B#¢ %ﬁ?ségr%%’sg’ﬁhm%ﬁe ragly §1C4p:'{515? aplEpowensorngcgon 48 apdpn it signy i ne
regul at g iqpyer downstream at the power connection 40 and transmits it
as needed to the decoupling capacitance 42, which 42 stores a

pr edet er m neth epapativn, tife polwies suppdy8d aiag deldratp @welativetyl cqprsvregdated DCQ powdrat | C
al ong the power connection 44 to its_power _connection, i nput 46.

Al t er natleROWEr comectig)l $&1gEhe wltaea resnlatrs anedulat ¢anyeds i Gfprafs% G BoieTdPdd DC

oger di i =W i he
fecoup! [ AENebYTACHL R DE BYGEr ERRRERD A ibdier Lok fon 40 At dR 410
r ecei vefedled taiths decouphitlg cagutitance @2 pehich e Isiorest dysredadertifedcdniqunit bf thas vi a t he

signal connection 50. In the power deli verﬁ system 12, each of the power
connect FegtlateslsDCpowen andiprgviies B thedC almedhe pewerseanectign Ad i BsBeWeTpower and

ground ' n =Ye e I n ' 4
T Fl G RS BEWRE CARRAGER, B SOIREL ReBRAS oo NG SR e
15 si gnaiC govdiekretdyitcdifie 30 pvaetcddhedion @6tof GitalC WRRR abing thd deco@ings ent
signals being routed fromthe 1C 22 to the renote circuit 52, and to

r dfr eseppasitaeasd. Bope kg sienat @aneqtiom4s ansmaiipens repqivasisigngls tpend fram, | C 22, as
descri bed _abov ith referen ta.the signal . .coppection 26. Simlarly, the
si gnal reég?lcglgslsli’ﬁfﬁr%ogﬁlrﬁpﬁgsflaﬁgeflﬁ%ascg ecggn?ﬁ.e signal connection 50 in

FIG 2. The nm@rpowia@élwe%gsgis&npmfemtue p&S@icotnations 36 20! £ Arcat dhow 4 N

the el ectronic device or system 10, as indicated in Colum A Row 2 of

t he t abbedis@tionalfte pgesertioweasapd eraund axterdingrhgtwepradipgent sistem blacks akhej s

suitable to deliver po tp.the el ectronic device or.s 0, Hen if
the of eBpb B EniRbR AMFIG, Ciafif v B PR s BUEICE D el

t hg powvgignsiBRhSIBRB0RRowS #BRAIRsE bRl icBfncRfioRtd BpSert BRhA beinEr&fted fbhdthe t he
power su(gply 34 will be located inside the housing and nounted to a

st r uct ufe 28 tetheaematestrgsiéiSe, and te repeesent signatscheingfroied frppwihe rempigicjc s 52 & 25

o5 R0 RSO TARNEROLER BERERY JRRRE S A TRUEEE (¢,

gener at gsniRNG 2RI 11 G tHRIs&hE ﬁﬁmaéignﬁpdb}ﬁﬁéétﬁm%‘&ﬁ FiGp.the form of

alternating current (AC) to power in the formof direct current (DC) at or
al ong t he poilibe pewemsmipplyci# i8 pref@ally lguatadat BE&matedecatomingthe elsntrorsc dgypeeed i n

nQn- portabl e el ect.ronic i ces,, as,.descrihed ab ternatjvely, the
o Pomstim Ta s RaiCgan Clmact R paf BEane S TRy, The Ribeletidimty
supply, b8 B1oRstich thatit Shivabl CRRREVEPower totHE elebtédhic d&Bce or system 10. Hence, if

the electronic device or system 10 has a housing, enclosure or the like, the power supply may be

located inside or outside thereof. Preferably, the power supply 34 will be located inside the
housing and mounted to a structure such as a chassis or circuit board. If the power supply 34 is
25 located outside the housing, the power supply may typically be mounted to the outside of the
housing. The power supply 34 is any type of device that generates power and which preferably
converts power in the form of alternating current (AC) to power in the form of direct current
(DC) at or along the power connection 36. Such AC to DC power conversion is typical in non-
portable electronic devices, as described above. Alternatively, the power supply 34 may generate
30 the DC power directly from a DC power supply, such as a battery, capacitor or the like. The
power supply 34 preferably generates the DC power at a relatively coarse regulated level to

minimize the cost and complexity of the power supply 34.
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power supply 34 preferably generates the DC power at a relatively coarse
regul ated level to mnimze the cost and conplexity of the power supply
34. -21 W0o03/60839999 PCT/ US02/ 30589 The power supply 34 wPCI/usypsesss |y
generate the DC power at a relatively high voltage and relatively | ow

t at t t.- 3 th {
Suppl 1 e HoMGT BIVEHSHEE b & ot R Pt DR gl f o Veﬁ’e‘i“ﬁg\lo’&rﬁg\?cﬂnflage
and rel ?élét%g/ylob«' et &ﬁé‘ﬁower@h%&ﬁ@ﬁ 86, a8 lﬁfo‘ddnrlﬁ thart Hfph e sﬁﬁsﬂl

enbodi nment s the present invention, special consideration 5 1s given to
where t HewB@rp'dméC 2@ amapereguios) DO mweln ng Inelutms}eﬂsagm erlthgt and malativelyt higlochroamt.
vol t age urre t he |.ocation and type of. the

bower cORTERr GRerie i e m?f@ﬂeg GEmEnts b e aureut v opowen AL o BRtipRe
| oy vol isagg@enl y'vﬂﬁr&ﬂﬁﬁw oxpg' Elon g Iﬂgﬂ Dot Qetafd Fow LOMEMR Y fo%xmlolgg el aver

advant ageous permts power r out over — power connections
a wre hnghaunemtamntadhaaamctlltasahmlocatfmtandm)eaﬁmlmpam«admmi:tlansrfef thieihvgd v 10

| i ght wei nmount of_ conducti terial h mnimzes the cost of the
pover c&%ﬁ’é@t BirrrentRE owep e o owafpétﬁgeah %rfayevmﬁ?@a@%t al's,

conductive i #snaQ %hg%nid%éurr&'?fxfﬁ&&'al gegxﬂtzf%gudsé)%ér iR pORePtoBd Bilell oBEAT d

that formthe po ections w the nost anmount
of the p@mdumbnaﬁopéaﬁﬂn@zonubbEacmmnﬂxﬁnbmamﬂmamhecbmmmkmesSaﬁﬂmhhgr
conductive plating on the circuit, board is the same across the entire

cilPcui t %laafrewhb@eamt@f cenqustiyg matcgal, W@reﬂléemrwe% @e £95t o8 thecRAWRE conEeptens-
differ e@hes%%}falgcﬁv%a%éﬂ g&g&%ﬁ{gﬁld%e%é%xg&cﬁoe ik L1 §RYET 9RS d&ﬁ%&%e

boar d. assocCl a recurt ard power connect|

somet i maacedloh\e&indpit bbgrd ¢lees tforod thie tpeweﬁwrmucttionb@am typidaliy detcaiplee@he MOS ounce
of copper plating is typically used to carry hlgg voltage, |ow current DC

power f PR thepaduaiysplafingon the eirquitdogida clhe thisknase oty conducypaplgting on
various the Cllr%ﬁlg H)a?r? llS §1§ QB%Q %Fo?s tggg ?glr lr)cpa?d 8«%:({218&% 1E 1591%? ﬁ(gs‘t e%fgctﬁf% % r as t

if the powe owvo rrent

thgn f ome@we@&@p@fdlfmnsaﬁmm @tthngnes@asldipmngeﬁdiﬂ@eran aréata@fmermautd; h@ar d
to carry that same ampunt of power to the conponents on the board. Such a

ci r cui t cosdagsacintgdiwith qiyit bpmwen eonifinns nefy sometimeg drive up Biicoptcdtha y nore

oXBS YRR Sk o R Syl BOEREF I R

pover CRWaGtdnoDE méﬂfﬁmﬁ:t}feq&wer 51@@[;(1342 Yiaxhetraces hytheerdun Hotaﬂi“to\v@hb@ege
| ow current DC power rather than | ow voltage, high current DC power in

order t eleptringlifomponenss mountedon dhe eiteuit byerdr dn coniras ifithe pewerrpely 3dovateda or s
O ok Hor b Sy BBl P PSS o s M P
bel Ng 1 Hétcidudt B6AH IO coity M danROidhnt bBsRver to e cmbbﬁaﬁs seadbakar suesyl e 38
may be any device that ‘converts high voltage, |ow
circuit board having four times the amount of plating is s1gn1ﬁcant1y more expensive.
According to the preferred embodiments of the present invention and as described in
detail below, the circuit board traces forming the power connections on the circuit board
25 preferably carry high voltage, low current DC power rather than low voltage, high current DC
power in order to minimize the cost of circuit board. In such instances, conductors carry the low
voltage, high current DC power directly from the voltage regulator module 38 and/or decoupling
capacitance 42 to the IC 22, without being routed through circuit board traces.
The voltage regulator module 38 may be any device that converts high voltage, low
30 current DC power at the power connection 36 to low voltage, high current DC power appropriate

for the IC 22. Preferably, the voltage regulator module 38 generates the DC power at a relatively

fine regulated level to minimize the cost and complexity of the voltage regulator module 38 while
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30 current DC power at the power connection 36 to | ow voltage, high current
DC power appropriate for the IC 22. Preferably, the voltage regul ator
nodul e 38woenmes€aves the DC power at a relatively fine regaratSezsdsevel to
m nimze the cost and conplexity of the voltage regul ator nodule 38 while
-22 WO 03/ 034799, PCTLUS02/ 30 9 maxi m zin r nce of the, v It,age
+equl at BRiTBdEdhe per ot ne ol seBufifidnodiic, 6" TREFRAE Fochtee At e

as used ReFHFLRY; arfll QoW elagh'séaeherrﬁﬁ e tdlalve drisithd Miﬁlhgﬁlbl@tlﬁq{ef@ﬁﬁﬁ{éﬁ %n@nd
operation of the power supply 34 and the voltage regul ator nodule 38, and

are not operatierdeitthe power supplyi Xead tioe enitpgpeagulatarinegduleaddi@sd ere obintérsled ka bé s

desirabl.e.that the volta dul .S 5.,constr nDduIe
of " di SchEu Ihebrart s vFley i BiimBlediin e AR ToehlalirZiadils 3 B

noynt edc&ﬁtﬁct%ﬁla%ﬁ{o%ul%:'Jle&’chet@ﬁ}ﬁf/& 1négxta RIANACchiY BbporlcRfs, ¥ iBRRedagul at or
nodul e 38 may be constructed of only screte circuit conponents or only

i nt egr atrednted oo separetepoegin beardaz&ltenxatueds,ahy valtagdesgulator mathde 38 avayHei ng
capaci tance 42 i ncl ude an e CLtance t hat. decoupl es povver 10
Fr om t hEoTsEusiad OF el Rt R <oHpRErtcs e BT P TOLEA E A PRI o5 ¢ he

| C 22 whthelihrbr ddsfr@Si ent currents when required, as described above. The
decoupl i ng capacitance 42 may be formed of separate discrete capacitors or

an integral d‘hpdeacmphng apamtzelbe42apaamdluﬂe&nynmemfe:,apammndwhm decqmpitatpowzr
ceram c, tant

TR Ao 5 Ahols s AT SRR b 3T ™

capact t il SAbAC LHIF 1B 18 dbyRRFARAE! TRE Hecolh i S-iEARAR) h %e

advant ageously provide pre detérm ne specificatio ave known si zes.
The conferated of s¢pardtd discheteaiapicitocsagraniintogral capycitdri Discecte capduitdreirehslech as

single or multi-strand wire, stanped and forned, blanked | eads and t he
li ke. THathgrigaitwam efegIc, &ﬁngaémgtagg geldegi pasketadaapraygel) capagioss @pd therliked wi t h

2 cart | St b ATE,a b 0Bl ARhHPG GhALIEL Youch 0% BAT AL ELipL alipS

separ at suitabl'e dielectric Inte ra capacitors may be rigid or

20 5f | exiyjpeeapaitdrardyisdreteicapavitdrsaiivantsgebudy pfdvqw piedqfr&ﬁ'inﬁ:d @edlﬁcutlogaand
I nt egral capacitors _advantageously permt custom specifications, shapes
and conbaukeminonzes. The corestien torihe dléqst&&apaéﬁe@ may liltshza@eeqichzsﬂsuqh #Burt her

det ai | Qg\gfé\%r n{r:!ﬁﬁ ny9ha e sﬁg}rﬁ\]ﬁgd a}yrf dBﬁmﬁérgglIe%cfé éﬁ‘na% 1i&ed L'Tlh@ta?c{re I‘t}wn%d 38

and the d&coupli capaci be co N any appropria
to for mikeRrts @lp@cltvrs may 6¢ hﬁégralmsoﬂmhle@ wnha&ad&v llefaesfranmmciﬁmnemﬂs relzﬂfvel}he
| i ke. Preferably, the power supp 34, the voltage regulator nodule 38 and

t he decuigt p#glle Rlpies separated by aesﬂéahi%@%eﬁty@t die s@s%ﬁabwww mpy barigid ¢at i ve

CORSLT VLRI und Sy BOIGR R Y TR 0 P g ghafocl e 08 ey

cur r ent ad¥dnfges@dppahtbusionpspeeificatiibnis| dhapes and configurations. The decoupling
capacitance 42 is described in further detail below.

Each of the power supply 34, the voltage regulator module 38 and the decoupling
capacitance 42 may be combined in any appropriate way to form separate or integral, modules,
25 devices, or components, or the like. Preferably, the power supply 34, the voltage regulator

module 38 and the decoupling capacitance 42 are constructed separately or in alternative
constructions, the power supply 34 and the voltage regulator module 38 may be designed as a
single, integrated device generating low voltage, high current, fine regulated DC power. Still
further, the voltage regulator module 38 and the decoupling capacitance 42 may be designed as a

30 single, integrated device capable of generating decoupled, low voltage, high current, fine

regulated DC power.
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further, the voltage regul ator nodul e 38 and the decoupling capacitance 42
may be designed as a 30 single, integrated device capable of generating
decoupl edwoloemsared t age, high current, fine regulated DC po®arsn2/3@8 WO
03/ 034799 PCT/ US02/ 30589 The 1C 22 may draw its power fromthe decoupling

ol e 36 vi the I 3o s RN BE POR AR detonding copbeitanie A us A bl o '
speci fi gatreOficn £ om&nk& votaé +éguﬁlt&tn%cﬁum5 RS ey cGﬁﬁi@ﬁgn 54 %gu&ﬂe G 22

decoupling capacitance 42 and/or voltage regul ator nodule 38.
r equi r eSypicglly, ttheaspsclénatmna rof thetl€ 225w il hiittatelpewenbutpgteneedgguframh olte devduplng38

al one cannot sat o riate n of e decoupl j ng capamtance
32T neBdBtEeA e ardar TEs TeautenTuoly Shgl (Rl P AR R Eh Bt apprents
satsi sf ytﬂahﬁletvroﬁlﬁge %g%la&ymo%ﬁk%srﬁﬁw Jaﬁgot%xtlgfiﬂeg{ 59 gpm% Shotdi B dRCOUP! | Ng

capaci tance 42 needed on a conti nuous e power connection
44 i ncl dd:emph’amg/capwimnoé 42 smeeddd. ohltérmativel}i, ifghd ooltagk aegnlaorifBodudadiicdn ve,

capacitiv i nduct.i ve and sim| ections e signal connectijon
bet vveensat by hetransientHECRs rwrpf by %ﬁ% tf}eﬁé‘il‘ifgf'é"%}%apa‘}"éﬂ%? Hrisdohr r ay

(L&), e@thCﬂﬁﬁlﬂ%uEB@Q, ball grid array (BGA), spring contact and
ot her SI m connections. The capacitive signal interface provides an

interface fo'ﬂ“hé paweamdohheotign 94 ginckhdes ey vype of tovnectindincluding fpt exaapldravi ng a
suitable size and separated by a swtabl e. dielectric materjal. The
i nQuct i wdélpgwapanaﬁtt@ﬁf inductiye 3¢ gay aaﬁoq@cwsﬂ Tihg signplgionpectiqa #queﬂghe IC

anot hor “Sr R} KB RUHEAIC RS i EPRRY A0S R LA BB RN

desi gnatesy (B{Hn},ypﬂ@g/cmt amd ethepyimdescansctiods. grlﬁeaéapsélgmhgnal Higtedssor ,
application specific integrate circuit (ASIC, a hard disk drive, user
i nterf aE@Vtﬁ?@ g @terqueafﬂrstﬁalxstnétﬁmg sigagls \l?é‘?weélii twcheoqd.ukféve plates Baingp pHitadla i ons,

the re mLe aﬁ;d £e§%a¥ed§3§/ fsgl(?taf)lla %141&?%@mgﬁ¥1ap el'l%Qn(‘iJ?:‘ﬁv§ glgﬁﬁlgﬁtﬁ%é% ) C? {c}%se Li gnal

el ectronic CIr evi ces e nal connecti o

I niser f afRefRY €t temsittidy cighae betoRpRoid tdtﬁuctotsﬁﬁklﬁltgl averticudriogidhtation to one
transm ssion line, and wirel ess si &nal interface or the like. A conductive

si gnal anqikerand sepasated byia gredelganipad istaseynal i nterface that relies upon

Connect i on, TPSFaE Ehedt P2 @Reh IR met ) Bl nl PGBt et il B o 7o

arrays fn%@é@soﬁ@?pﬁd&ﬁmh bpeRificAn@aRectitduitg ASIQ)) ahatdndisd driveeuies imeadelidticRy
transmt si S between two spaced-apart conductive pI at es, preferably of

siml ar trgmszmttampwrstw the dke.slaramerapalionyions, she reamtecinud|s@and ithe idZmanbe or
a nductl rface | ne that transmts signals between
\'%:9 Congﬁ SEs or ﬁ;‘ger?{g ePectr EL,%II'(EHI § or d§v18

SrV€ft ati on to one another and
The signal connectlon 50 may include signal interfaces such as conductive, capacitive,

inductive, optical, transmission line, and wireless signal interface or the like. A conductive signal
interface provides a galvanic signal interface that relies upon metal-to-metal contact such as those
known in the art which include solder connections, land grid arrays (LGA), pin grid arrays

25 (PGA), ball grid arrays (BGA) and the like. A capacitive signal interface is one that may transmit
signals between two spaced-apart conductive plates, preferably of similar size and which are
separated by a suitable dielectric material, or air. An inductive signal interface is one that
transmits signals between two conductors having a particular orientation to one another and
separated by a predetermined distance. The optical signal interface provides an interface for

30 carrying signals modulated by a transmitter and demodulated by a receiver at an optical
frequency, such as light, over a channel via an optical wave-guide, such as an optical fiber. The

transmission line signal interface provides an interface for carrying signals between or on two
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separated by a predeterm ned di stance. The optical signal interface
provides an interface for 30 carrying signals nodulated by a transmtter
and denodwbDaBess7hy a receiver at an optical frequency, s®ch/use2/bisght, over
a channel via an optical wave-guide, such as an optical fiber. The

transm ssi | ine signgl .interface provides an interface.f carryi

si gnal sPRBLEaRSHSrorB e 53X Bitra i pew uctn st B Hse T jretess
conduct gkfal iheFherodidePaxinteifabé for Shiiryilg sipAal hdalatedBy d Radshiierand t he

like. The wireless signal interface provides an interface for carrying

si gnal sdemetbilated Hy byecgivier atrastiailiotfeaquenny overaradid Gequyneychanpelogd ymdiat a

rodi o, CaHaon, PE, AchAR 4P oL Paaed thouigrer 4hsGr R A SRR PO a4,
S50s5may Be QiR ¥ ERE 2DviahRy bfpedE ntitiflg aRndeVRBt, QhcHBtd ditufboAATEIRMard SUCh
as a circuit board, edge card assembly, pin and socket assenbly, plug

assenbl gssemblydpin andencket assemblyd ipdeg asegmpliynsoldegpronductiveiadhest e, piasdpting | i ke.
FIG 3 l_llustr%t}?s.a table 56 listing alternative locations listed in

Col unms AT AN thelikgg K thereof for each systemblock 34, 38, 42, 22 & 52
shown in Fl Grré, 8mlisthicshbld ¥81GRHEMRERMaARS1ocdibrs 113ie8 ¢h COLEHsWITS IBH &hd F
G | and J between the system bl ocks 36, 40, 44, 46, 48, and 50 of FIG 2.
Syst em Kl therkof fof eachraystemubitakr 34, 38, 42402 8482 shoavrSi FA6. Fhisl alferbdtve cdimestivhsy
caorrespond.to_ colu in_the ble 56.are not epclosed |n_paren si.s in
CHa" ¢ abfigee st Cpimmany e | d fRniren g vk PlReaS a0, sbits) R aR 686N ds ' o
the powgfg oo Rysieh! HOckd BFEeh QG RniHr R, YT BndROWFIFIG. §>ftﬁ%ﬁme9d1fedwsﬁ&ﬁft%nce
nunbers 34, , 42,46, 22, 48 and 52 of FIG 2 that indirectly correspond
15 t 0o Codlumms iri the Tatiid £6 MG nat enchosed aspaterithespandind tableiS$, Fouekangde,ttheppoever
supply 34 of FIG .2 indicating the power supply itse|f, and um, A, Row
1 descr PH@ECte’q diswtly SATEPORSRioh werggppcyon fisvetie ‘E‘aF_EﬂailémB > Rl

al ter naglyéin (PdAgRaROHLADAS STDMI LS. 46023 GePANEH AFNGCE o thaRectBf corfelfond?.
is not shown for sake of clarity. However, alternative power corinection 54
i 161 ude® GolunmwduTatde Sanck enclosedmi fardndeesd, fucheethewomehsupply SeoSEGE 2as al |

of the other. caonnections |isted | 20 table 32 of FIG. 3. In_the table 56,
the powEidicatip® e ROSeeE FHRAY e faat Colam Adwei rsésqr&%fh@,l%wg REWS ROWET col urm
A, row t 1 ot i Ll he
pover s 5 e (e kP a5y e BRGNS el ERARE oM o

ci rcui t FIG., id i skdwes foraakecofddatitg.e Hb@everhalternaties owpit ¢ompedtonbeidaclidesrf | ect
present and antici pated future designs of power supplies that are 25

rel at i veqnduelorpnd & sirant keardtiraes Whichahibe samgas li ghthe afhgr gonneetigaisdigtedyn f or ned
as,nodu iRterface to the remaining circuitry. The term "renote"
dggs no{a%?err%a*@tlgdd?'stance rel ationship where the power supply is |ocated
far from theld @ewibié 56 thé peadrisupplh dstatioeis desdaibet aabéiig sestk l8@hown in

column A, row 2. The term “remote” in this description generally means that the power supply is
located in any suitable place away from the remaining circuitry of the electronic device 10. This
description is used to reflect present and anticipated future designs of power supplies that are
25 relatively complicated circuits in their own right and are typically formed as modules that
interface to the remaining circuitry. The term “remote” does not imply a distance relationship
where the power supply is located far from the remaining circuitry because, practically speaking,
the power supply 34 is electrically coupled to the remaining circuitry.
The location of the voltage regulator module 38, the decoupling capacitance 42, the IC 22
30 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.
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the power supply 34 is electrically coupled to the remaining circuitry. The
| ocation of the voltage regul ator nodul e 38, the decoupling capacitance 42,
the 1 C 22w0306/034190 t he renpte circuit 52, as described in ROWUSNZ30580| urms
C, E, Hand K, respectively, are each described as being |located in a

connector, op. a PCB, and/or.on, a condugtor, _.as _described in Rows 2, 3 and
4, respecti v@h?/?malﬁctf’ﬁ&as eftB%}refeéH}%ﬁ%EQ“P-l%@W% $1gny oanRiggtgat»/ 30589

The conpggtd rTﬂezelé’cnq'&Y is%ﬁalrs Raticé Ib? e dohifbdidh tgﬁ'dmfﬁc@hg 96&' Cli/ot ii%ﬁ-l«z’ftio%o
an electronic evice. The electrfcal signals carrie t he connect or
t ypi cal bignalsicTheleormester alambidsanedhafioalrfedtings tefagilizdts the e tricah catectioratoshe has

nmechani cal features t%ﬁf acj Ij%éat e@rﬁe el ectrical .connection to the
el ect ri elgftrigehdevice. [hihepeeipied epbetiments ghthewrssentdnventienthe semmecionsdRrmesh,

t hg congseg&gyeriasﬁ rﬂé&ﬁgor%so‘éﬁet%lc%?@ a franme and/or a socket for the IC
The circuit bdard I's a substrate ich includes one or nore |ayers of
nonconduct i v&he tintugtr boakd fsarsubstraty whigh Giouhaties bohy er petdisyerobhssnsbsducknewn as

traces or contact pads. The conductor _is a device that electrically
coupl esMgfesial for caryiag gondustiys pahs thepyise knoyvn as 1Hogs erecantach pish Ee corductor

el ectropi.c [Rol=8 LC '
Cypi cal 1y IR el iRl CahL Gl T s SO ohiseb BB her, 1
or ri gi electforiic @&tY. NMEHel cddttidad sigadls cdriadpy e hdiidtextiypically donde powesandns! ude
flexible circuitry, ribbon cable, wire, cable and the Iike. An exanple of a

ril§i d cogelet bhe @%@pﬁa&@aa be dlswible, poRald of cembinagen therents Rxwaplesief flexdble

Lrces. dhaeaetL L Abt. TASGENPHSLGhu SAUEHEhLInd 680 didds i

ci rcuit "pboar 0 as a’ no
connect tigidscodfuctdinaladesddconaaittidnakEciful bahrdoeiftnesidueriveithce A8issisd tHeb&m. i n
Row one, Colums B, D, F and J, respectively, are each described as being

a condudhesonsigtonis uspalblocated gEfrof therraia ciraut Beasd rqopwoniy refeves to agad 3,
respecti\égle}(b a(r)(I the sane four Columms. The term "conductor™ in this
descri pfnl n-genéerally neans the sane as descri bed above with reference to

thg | ocati omh@pow&ecohtEtiondBE40ina@ak sand khesiehsl'cBandctién S0 Hl deéRibedBYRERT Ve
as both the location of the 20 functional blocks and the power and/or

si gnal ewmkeduenB, e and haespegitvsly, ds caoh deseribedeashgings condhgpoanddoreircaite or

I f i ial .. f ' | ectri [ | s.
e | oK il SRR G B S e L s § bt
and/ or  ign@idtBE iR Mhis UeRAbton dRrdINGAah i s@fne lab BedclbBPIRIve GRMNELLRE tdHheand
the I C signal connection 48, as described in Row one, Colums G and I,

r espect logatign ofithe fumgtionad blasks. bElereforeh dierngniluntertroay senve dsdotlpthelongation pfitae
2 A ok LA S5l i A5, aLobd e e B
"top, " dRp&ked ondE or B BPErs bEh RbndoBdhitivE 8a8dMal, for carrying electrical signals. The
electrical signals carried by the traces typically include power and/or information signals.
The locations of the IC power connection 46 and the IC signal connection 48, as
described in Row one, Columns G and I, respectively, are each described as being located on the
25 top, side (lateral) and/or bottom of the IC 22, as described in rows 2, 3 and 4, respectively, of the

2 &<

same two columns. In this description, the terms “top,” “side,” and “bottom” refer to different
sides or surfaces of the IC 22, which typically may be square, circular or rectangular, and these
are relative terms used for explanation purposes only, and should not be construed as being
limited to what may be conventionally regarded as the top, side, or bottom of the IC 22.

30 Typically, the top and bottom surfaces of the IC 22 have surface areas that are greater than that

of each side of the IC, as is typical with present day ICs formed as microprocessors. The
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sides or surfaces of the IC 22, which typically may be square, circular or
rectangul ar, and these are relative terns used for explanation purposes
only, andwehewsgInot be construed as being limted to WhRCTRESY2/BE89
conventionally regarded as the top, side, or bottomof the IC 22. 30

Typi cal the top and bottom.surfaces of the |IC 22 have s rface areas t hat
are gre OIISWzﬁH’ecIﬁaROW?SFO’é%e&HO%f‘@én‘bfi‘etlﬁélgn@ copaeqtion A3 are descpedin fprthern ¢
day |GCsyd Pag S m croprocessors. The -26 WD 03/ 034799 PCT/ USOZ/ 30589
Iocatlons 0 e | C power connection 46 and the IC signal connection 48 are
described i n Wuhtlhegenemétoaemdvebﬂhe taWet% MFIG geﬂaﬁnmhs AyYBs Q) RVE, A, G,hg IfRbl e
56 of FIG Col ums and Kdescrlbel 2, 3,
2 3, 2andK dsscr@e 122affu¥ é Hd?v? c}u@# 3&9@1&4\1&41§¢8:c,atw?~°e§ff§ee<ftw\9m {1 TOM 2 dws 2,

Fi gur o, it & ABRELUIRILTE forknd RHRE A8 ullr RQHIBRYr B aAGRE 1803 T

X 3 x 3possiblecombinaions lile. 6642x(3fx2h6 VAKX Bobx 3ixk 3|=dma664aloferemahbusas The
nunber of possible conmbinations illustrates the nmany ways in which the
power diddivdua) abgraptives The ppabey of pgssible awgb@ﬁtl@gﬁs}ilwam t%@a@mwaw@mp g

desi gn it t%%&quzehﬂys ?? di éﬁﬁ‘iﬁ‘k’r sefeﬂ e&”ﬁ”&n“c‘ﬂhe g%%gggggggggn JHel 6 on

i s not poss |ons
becaus efotr Iﬂ&fle: 20 @ales ymptehemeﬂea‘hu pRSeraf ndveahblersn@t meast to Be sigditebeslthian t he
present specification and illustrated in the present figures that nay be

ud8d i nnunsbritnf passiip combmations berause Hers e snany othey feafurenand dlismatises  Fur t her,
conbi ”a{iés‘c’ﬂée&%‘h tﬁ@ére% ﬁe%?fcah&g?ﬁ/d ﬂﬂ%%fde&%égﬁ%ké’n‘?ﬁgo e‘é%a%. Hﬁ% tugé’c{‘% time

woul d al'so ‘T ncreas 0SSi i na

al t er nagdnyisin MW ite qwm&maﬁveﬁﬂstédsln Wisedble\lo! Fattheri BembiastapRlof B vadipaci t ance
42 and the power connection 44, as shown in FIG 2, then the nunber of

total cindbiidial plieraativesugedys the smediae wouldisogneraesehemmmbesiof pesstle ves f or
t he | ocatign og t he decoupling capacitance 42 and by the 2 individual
al t er natSVEEYYP ¢ he type of the power connection 44 (i.e., 11,664/(3 x 2)

=13, 994 poswithé ﬂt&ﬂﬁwe@we@&ﬁmectm F4l i6Dsedd HithG, thé@ecoﬁﬁl@ﬁféﬁtahbé wshAt e

the 1C 22, as shown in , and 3, having increasi ng [evels of
i nt egr athe@awaneoringetion 44, a8l shavepiadiiGy 3l themthel profotal combingiang gvaldibg ch

i v 6. FL.G || he IC 2
Const r uEatPR R SaaEa ARPRYEHTEr B dodalih ofills BB it e 4GB ey
ot her wi g JAGNRIBBalferfdtives fobdhetype 8NMe hBRel edﬁﬁectﬁh% G éB11 bb4iet £ o) 3 dohe 1 C

22 constructed at integration | ével 1 and includes the sem conductor die
58, 25 pessibboeembinatiing). 4A, nounted on a seni conduct or substrate 60. FIG

sy LSt aUeR N 8 22 4BoRL G he AT SRS AR 22308 s
increasing levels of integration and identified respectively as levels 0, 1, 2, 3 and 4 which
represent the package design system 16. FIG. 4A illustrates the IC 22 constructed at integration
level 0 and includes a semiconductor die 58, otherwise known as a chip, wafer, and the like. FIG.
4B illustrates the IC 22 constructed at integration level 1 and includes the semiconductor die 58,

25 as shown in FIG. 4A, mounted on a semiconductor substrate 60. FIG. 4C illustrates the IC 22
constructed at integration level 2 and includes the semiconductor die 58 mounted on the
semiconductor substrate 60, as shown in FIG. 4B, enclosed within a semiconductor package 62,
such as plastic, ceramic and the like. FIG. 4D illustrates the IC 22 constructed at integration level
3 and includes the semiconductor package 62, as shown in FIG. 4C mounted on a circuit board

30 64, sometimes referred to as an interposer board. FIG. 4E illustrates the IC 22 constructed at
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,
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sem conductor substrate 60, as shown in FIG 4B, enclosed within a

sem conduct or package 62, such as plastic, ceramc and the like. FIG 4D

il lustratwe mlos47hC 22 constructed at integration |evel 3ram@soznaisedes the
sem conduct or package 62, as shown in FIG 4C nounted on a circuit board 30

64, sonetines referred to as an interposer board. gl& 4E illustrates the
1C 22 cBiedCraads senstucted weiag infegration keyel 2, as shoyn REIGaAS: Hewexermicomauct or

package Uitedgon a | arger
circuit a@ a&g%%m%sompg%gsﬁr éfsigér%y%b{;(l)&gg 4% ot her bog}?g].s' Preferably, -27
WO 03/ 034799 TREVARSII 24300d Intepfadon GredRustSiteddosieldrerice dnlysandigshbuttd @@t bé i on

| evel 2, as shown in FIG 4C _However, ICs are anticipated to be

const r uBY&aEretRd %d)emgt%ncalﬂy definedy Mariqus oambipasigns phtheeyelsad ntrgratiomateous
! egel s %ssg)l %talreo Rot%b?mh alll&sshé%egmf ?ef HeSa ko B{lé{?&lﬂg 58 %?'{lpﬁed %t be

i nter pr peithg er RErT ols co |na i ons evels

of int eﬁfe%"einﬁlibndﬁ(ﬂoﬁsub@tﬁﬁé B0, @s\@hwﬂ irBFI6. A8} map 86 nfiduatdd| diresilpum theFB 64,
exanpl e, the sem conduct or die 58 mounted on the seniconductor substrate
60, as uhbawt usingrthesemipondusior packege A2 bikgmisscthr yermisondustaapcigige 62yastshewn

uS N9 ¢ HerRETICC RAYHERERRCARE, SR 1 hiRSRy o5 AEIT.SRAdNCRCE daGkaRE 62

as shown e I'TD¥J Irec oar

Wi t hout irdsVidhghl }phﬂs HGRe ﬁfhstrh‘l@ﬂ Csels dffigt N0 Mhy B@ﬁﬁﬁed(ﬁndtrﬁ@chddhbl pfdvadeed
| evel s of the C 22 may be m xed and matched to provide 10 nunerous

cdfbi nanumpr@u@ﬁomhmetgqrﬁtqfemegmttmmw@p¢qlﬁ<za|11|y>$h@\ﬁ@meEGS FAGSB, 44, 42end 416, 4D

and 4E. ka es..hav | e urfac hat may be
consi dered Eb%q ﬁgtpy 51 e"qagf a,g% paved étlpl%surfr%été%a‘g eseo%??re&

sur f acegeregically ad FOPY bhesl@é”%nﬁme% ﬂ‘ﬁéd@%ulﬁbl@%ﬁﬂ‘ﬁbe@&esﬁﬁ%@dw@[bn%ﬁ% wed her
to forma stair-step profile. Hence, the terns "to or "side" may include

al | sur stagked o arduntpdion qm@ngt@naemcfpmetsta@rstepamﬁ@r anee, the rmedopoorn feéde”
15.out.i.n t

surface_fart aone ctiQ e
oner _ dBTD ST ERPA g b7 e SR by SR asg Bptdipie o B ik Pl
sqBemnat he@Ehlie oneBrebfiore2 1N this Figure generally includes the packaging
desi gn system 16 having the | C power connection 46 and the |IC signal

connect i on 48 FIKy.ifetie 102 ahe powerHdshiwery system 13| thelsighahbigansfar systan 1Flag showins

1y th k di t. 20, that th
Pe55% hemafied PG eI duR et Sher iy ks s faskpeif eSS SRS ooy ol
1T ustrghyig gtheqerpﬁ%& b&ﬁﬁcﬁ&mé aRPhy 1¢ elgﬁhll coﬁﬁechtaﬁ 48 If&lrﬁe%stheré\wﬁﬁl Hen&e nR

represents referred path for the Signal connection 26 and
preferr bhbcbdmram simvecFI@ 1} i2 genetalbhtbe Bamlamhd block diagesm slsovt in FIé}I ﬂ,eemqepu ve

S e S AL ST
o SR BSR BN LSl SRS oL AR i e
signal connection 26 and the preferred power connection 24. A short dashed line represents
alternative paths for the signal connections 26. A long dashed line represents alternative paths
for the power connections 24. These illustration conventions are provided to add clarity and
25 understanding to the Figures and this description, and should not be interpreted as limiting in any
way, such as implying that any one connection is more important or better than another.
The signal transfer system 14 is electrically coupled to the IC signal connection 48 of the
IC 22, as described with FIG. 2, via the signal connection 26. The signal connection 26 may be
electrically coupled to the top 68, the bottom 70 and/or the side 74 of the IC 22. Preferably, the
30 signal connection 26 is electrically 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.
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way, such as inplying that any one connection is nore inportant or better
than another. The signal transfer system 14 is electrically coupled to the
| C si gnalwowmanawpd on 48 of the 1C 22, as described with PCE&USE/3058a t he
signal connection 26. The signal connection 26 nay be electrically coupled
to the top 68, the bottom 70 and/or the side 74 of the IC 22. Preferably,
the 30 si gnalhepawerddlisaryzgstem 12 is gleptrically souplsdpe die [ICopavss comection ¥@obthet he

LC 22 1355 deRSivel oI, 2, HRMSEMR Lot i SIS LHRCALP IRy W

represents tha he 'si'gn connectl! on on

any sur tReeicaly &ch?leld@o e top 38, MOLORN I 488/ oPHE/sIB0R/ FARSIT ThePrefsnbly, the
delivery system12 is electrically coupled to the | C power connection 46 of
the | CP@wer coanension 24 peelegiricdlymagpled to thegideniz ¢fdhelC ZbnHerae; b I p0WEhe

power connecti on. 24 nmay b electricall o] d he,.t 68, the bottom
085 a SPERISC S ot nE T B B FEE o8 ehflsdndE e Biel 7 o o T
el ect ri galdeWtisiP2Pmay b Rochied ohiad¢ sirfacelof teadd 3. 22. Hence, the | C power 5
connection 46, shown inside the elevation view of the IC 22, represents

that the powdrthepofersed ¢robodimentapf the preseattinendiandhe signalfcaoeecipn 2hand the22,

In th f d di nent.s . of .t t i i t i gnal
connect PEREASEHOp g SrbBiaEd B ST SRS H o M TR Dol Ba 0P ne i des
(i.e., %daﬁed@i%ry?m&l@ 1eng. 1R atHighe €ignal coRSdRE6H D¥ ahd/ thePowelorntctioh 24.@fat i ng

the signal connection 26 and the power connection 24 on 10 different sides
ofl0t he {iffepent sidey plths 16 @¢ @revidesdevaralagueantages aelelgd tothe peckege Kegign shstsng ho

system 1 he.l C.22. The advant ages,include reduci ng the nunber of

o ound SoeaCe2” e Teiisets oo PLRHRIn: B rer e ek G R

cont act gonthdi§ if@edsif thd BuibeisTsighh] ntial incRALAS e Metber SHMBRR coht8&s per
reduci ng the 'signal contact pitch, reducing the nunber of total contacts,

i ncr eassqugre arhg rednehg the fighaltcantaciopitchotedugng thequmber off tota] condehis iimyeasing

force per contac r square area along 15 the. Z-axis, reducing the t ed
cont act iediagihes of 18 SaRiikg PEHAVEE ST THFDRITH, Rice PRt R S arca alone
SqRl CO”%%-Q}Eis,%@u&ﬁgz@le RS RRt haight! fac2sifg AR si@Rl ¥Rldwid, BRGNS g ot her
factors related to electronics, mechanics and materials. Alternatively,

t he si gsahicomdueeer idicmze Gednnvhgithel(h2eire, ao wel @b iroproRihgrlyer factéro celotediton  t he
same of one qr nore Si deaé_éﬁié.e., top 68, bottom 70 and side(s) 72) of the

| C 22. Fleciies. meghanic €al$- consideration would be given to the

| ocation of P\rl‘ﬁgﬁ'ltigélg,'zthié SRNEGohRLLtioR ﬁé'&ﬂd EH&gao%Y"éénn%&W @b tbe@Rd bhe

sane side of t to“optimze the connections for various engi neering
r easonstheaamded on¢ beorersidasi(i.digtop @81 Batlonb @) awl sidd(&3. 726 Af tHellGX2r db dss tdse, | C

22, as shown in FIG 5, having a first (hig frequency signal . interface

760and 8PS 6PRPIGTHINN WY be g &9 @ﬁiq’caflﬂ@ e? %ﬂsé@nglaonawﬁlpggé #pd fhegiavehe

first ( Q&rﬂ@:tion 24 on the same side of the IC 22 to optimize the connections for various engineering
reasons, as described in further detail below.
FIG. 6A illustrates the IC 22, as shown in FIG. 5, having a first (high) frequency signal
interface 76 and a second (low) frequency signal interface 78, different from the first (high)
25 frequency signal interface 76, each coupled to different sides of the IC 22 representing the
package design system 16 in accordance with the preferred embodiments of the present invention.
Hence, the signal connection 26 includes both the first (high) frequency signal interface 76 and
the second (low) frequency signal interface 78. The frequencies of the first (high) frequency
signal interface 76 and the second (low) frequency signal interface 78 are separated by at least
30 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.
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25 frequency signal interface 76, each coupled to different sides of the IC
22 representing the package design system 16 in accordance wth the

pr ef err edwerbosli7aent s of the present invention. Hence, tReTAISgNaI589
connection 26 includes both the first (high) frequency signal interface 76

first (R on Bachon B t@?@n@q&ﬁﬁﬁéygsﬁ‘si‘%e@%f et 36 5 e stctBiel oy e”%%rfczqﬁfenwe
si gnal glgg@nﬁt%&@cﬁa RALE bS ERHeALE b Q—}rg(ta&e i a8y HOboMEn Nehhd g]idg{g)(“?%’)ecff’thé fte

benefits separating the signal erfacés on different the IC
based oR2.f Pederebigythe ficst€aighsfrapienhdyesi g&xb antefficel6 bsad;omaated toethé topoifeofche BC
beconmes_greater. -29 03/ 034799 S02/ 30589 of the_first i.gh)
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FIG. 6B is an elevational view of the IC 22, as shown in FIG. 5, having the first (high)

frequency signal interface 76 and the second (low) frequency signal interface 78, different from

25 the first (high) frequency signal interface 76, each coupled to the same side of the IC 22
representing the package design system 16 in accordance with the preferred embodiments of the
present invention. Hence, FIG. 6B is the same as FIG. 6A except for the location of the first
(high) frequency signal interface 76 and the second (low) frequency signal interface 78 on the
sides (i.e., top 68, bottom 70 and side(s) 72) of the IC 22.

30 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) of the IC 22.
Preferably, the first (high) frequency signal interface 76 and the second (low) frequency éignal
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25 the first (high) frequency signal interface 76, each coupled to the sane
side of the I1C 22 representing the package design system 16 in accordance

wi th the woaBes47edd enbodi nents of the present invention. PEEUSE/3BREG. 6B i s
t he sane as FI G 6A except for the location of the first (high) frequency

The i i 78 e BefBe ot U sPER frafiblc phicRtis Rty Mt (e sReeSercne
first (E;gg;h)mtfeffs@emw thé %@hd (16&?&%@&%@7 ﬁgﬁmnttamewqﬁgdbé looM¥ed bh afius cy

signal i'nterface 78 may be located on any side (i.e., top 68, bottom
and si dé%eythiz)de(ﬁf) 7E1h>étheCIC22 Pr ef er abl y, the first (high) frequency

I t h d I 03/ 034799
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second frequency signal interface 78 may ocat ed o the top 68 or
the si d&(sq;.)enayl sighals hebd ﬂ‘e@ﬁcalb«mapledgo thlaearhe PQIB (Jbrmghtpr foordpetoray oglieg H@l

i nterface. t he second (lo u 5 SI nterface. 78 on the
s <, GEisgpeatE AirEesIH DS s Sret RIS o AN IRST FEequency

signal s frE(i’uelﬁ@y %'gﬁ&l%ﬂeﬁ%e' dFEWRIFaR diRer RGuaRYRi Jaa ntctRBE SteRiin aﬁ&aﬂﬁgt or or

ot her Thi s~ l ocati on arrangenent Is prac cal wher et he signa
conn ect tlmmstozﬁffblamemdmmf thef ICewoild g meare yangnabr mptesgoingdex thaal alﬂcmmtlng t he

ot her frequen signal jnterface, wherein allocating themto different
i ges ofhe g‘n@ ﬁ%/)”é‘?gﬂgﬁf’ﬁfﬂ%gé gre expensi ve or nore conplex than allocating
10 themto t I

ﬁls 8¢BioR aﬁ Rinchlfia) feqtifre aﬁ%\lg% inrf?efcxﬁécb Q&H?e"cﬁ@l{'ﬂﬁ%ﬂ{ th@%f 22

require a hy r| I nterface connection be IC 22 an
connect and the PER; oimdeonihector theatohductdrivg oklEr the I€cto ancondaddatd the dmférénﬁr e nt

frequenci es. For_exanpl th (high) frequency signal interface 76
may useT8ALABAE] F?wawﬁ‘et ﬁ%@%&freﬂwa figpal InfsHadeno MAEHIE E@PRRINVe type

frequengyg §+29 n[?th rFAd ft}?ecs%ﬁgrfdh@@‘)l %éﬁlﬁf[l(gﬁ‘sflégm HHGFICY 93 lnr’a %P ﬂle%ngﬁcﬂﬂé'

i nterface. IS case Ce connection acconmodat 6s bot h
the capgeiof sighaldn@rfacs duchis vasel hp dgbrid insérfioakonneblivreacpamtriodutenbbth,thé he
hybrid interface connection would include both dielectric elements for the

capaci t Fapacitiypend rorugtivg ypesRf sigarlafere pacalatly, the pybridiptecBreiernedtéon ype
of si g”@o}:ld':hﬁugg &th%f&&?gé 8&%%&? @@rl t{l asﬁ’cﬂ(/%é}ﬁg k Sgggls afiP %zﬁ?ﬂa\{\pcd c't:J g’r S,

having a Tirs ace secon St gnal

|nterfaqleo&adudﬂllvéft}qfeejftslghapmthe type of signal interface 80, each coupled
to different sides (i.e., top 68, bottom 70 and side(s) 72) of the IC 22
r epr esent | ngFl%JApescaaa@%vaaesﬁl gw“s‘»}/fstbelﬁ? 23 9sshewe 8y &n Sehayingya firsbtypeefer r ed

f’ﬂhg‘g% tlﬂte{f%icceié | 2?18 R S%ned WY& é‘% égl%ﬂlll 1n|f|eer a%g]LSZt é}?felsenpﬁgm fé {?ypé’ 8% élgrrxlal26
interface 80, each coupled to different sides (i.e., top 68, bottom 70 and side(s) 72) of the IC 22
representing the package design system 16 in accordance with the preferred embodiments of the
present invention. Hence, the signal connection 26 includes both the first type of signal interface
80 and the second type of signal interface 82. The first type of signal interface 80 and the second
25 type of signal interface 82 may transfer signals at the same or different frequencies.

Each of the first type of signal interface 80 and the second type of signal interface 82
include, without limitation, conductive, capacitive, inductive, optical, transmission line, and
wireless, as shown in a table 84 included with FIG. 7A. Each of these examples of the types of
signal interfaces is described in detail above. Note that the types of signal interfaces also include

30 characteristics of the signals carried by the types of signal interfaces. Such signal characteristics

include, without limitation, frequency, amplitude, modulation, and the like.
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80 and the second type of signal interface 82. The first type of signal
interface 80 and the second 25 type of signal interface 82 may transfer
si gnal s awotobe3sgae or different frequencies. Each of thePCirrasp2/sosge of
signal interface 80 and the second type of signal interface 82 include,

w thout [im i onduct i.ve nduct i ti al ,

transni ssi on}ifl?lhéﬂh%ﬁ gme of pigal mggc %Wdlthe ﬁecf”é(i) égg B ERes 1 M G
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in detail above. Note that the types of signal interfaces al so include

char act &ipe of sigsalghterfaee &) igsanrectedite thedo §8 pfithel(Z@sansk the sgqoad typetod Inga@]es

Such si t I I t

2ol | £ uBRE G Aar e BrL o e el or o s Bl B srrasdsusiseenshcn
of st he fdtérﬁ{cetsy%yoée@ﬂé@édk%@ﬁ&@@@@&@@ﬂz bpe second type of signal
interface 82 may connected to any side (i.e., top 68, bottom 70 and

side(s) 72) dhisttyre df@@@l mmr&pe paiiggmentie advanstgeouval@ndhe sieqna:hl andtoer f ace

80 is connecte totheto and th e of sjgnal
it er BB BIGRL RGBT R RIS TGHBR S7RES SIERC i {40 SEPSIBIG Ot he
second bpRe t@fociie I oﬁ diﬂf@r@ﬁtfsﬁfégogt%em@lﬁb@"o{;%ﬂﬁﬁé%jeﬁ@t{ EoBtigRils) 74 of
the 1C 22. This type of signal interface arrangenent is advantageous when

the el euttarfacaBOamy/hrroptlndmdmh&:@bompaof agnad interfaco B2 enaytbet oapacinve. sngival

interface a ifferent t ess expepsive easi.er to | ocate them
1 7 Eerhe op sl inserTich Baptiop sinals if BieRRE 61 NEN Gnd Hhesaag B 10rerrt an
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be capacitive. In this 10 case, the optical Interface transfers signals in
the for ﬁle@iptlbalg@abmtbrfahe o apasndt oitbe @ L2 ahd te capacanesf sigrml aiterice oo ahother
signal s .in % % rmof electrons. Therefore, it would be beneficial to
construé‘fieo e 52 cal signal interface on one side of the IC 22 and the

capacitive s FES:'e.aﬂIB glfzﬂ%t%tgsa{fl@ [I]@ Q2?&%§1%m figlss HImﬁé‘ th lff;'?gtgg : %naY Eifterface nal

illustrates t as shown I n havi ng
i nter f a8@andlthe86cond dypensf stgnabinterfagp8? caﬁffa'egrthim ltlrettgpé aftstgrBP intefdce ét)ﬁasﬁchf rom
the type of si naI interface 80, each . coupled to the sane side of the IC

22 r epr 6UPIG tAghe reneidaeidhe Hed? &Pr%,sy%tv@ﬁhi Bagkasadestnpysicm 16dniagcqrdance
preferr @§R‘?}[{@e§rg G%H;eﬁlbgﬁlﬁltlg?ll?s Hifie gr@gen;t ﬂl‘(]@ﬁ'ﬁ# OrHeIﬁQ rF:I@i’ 7$|1§the% Eﬁs Ff@ Bane

as FIG ocat I Irst Tty signal interface

80 and e)hxeptsﬁedmdowlpﬁ of thesfirgingpe of sigrenl fracréac880and tHee;esordeype(&fsegnaltop 68,
bottom 70 and si de(s) %Sc(%)Of the IC 22. 20 The first type of signal
i nt erfa&’éﬂr@@e%d’nﬂhﬁeﬂ@ BreltopyaSie betons 70 and side(eltP fEthed® Hay be connect ed

Lggany side @%% Brsy Hé)%%gi@%g?ﬁﬁ{eh%@ f{(Pan%’}He ?éc?ﬁ{ g)IpF ?)ﬁ]ggzg @Exg Jte%z%%

Pr eferabl Y, ype of sigha ace he 'Setond type
of si gnabnnett@td apesi@(iles t6p068)®6itad 70@nd bide(sPP4)t e/ (T 24. Pragerdtly,2dth the

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

25 Advantages of this arrangement are similar to that describe in FIG. 6B with reference to the
hybrid interface connection.

Note that there is some overlap of the frequency signal interfaces described in FIGs. 6A
and 6B and the types of signal interfaces described in FIGS. 7A and 7B because the frequency
signal interfaces described in FIGS. 6A and 6B necessarily have some type of signal interface,

30 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,
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type of signal interface 82 nmay be connected to the top 68 or the side(s)
74 of the IC 22. 25 Advantages of this arrangenent are simlar to that
descri be wo 0Blo82796B with reference to the hybrid interfa®eTasnnssss on.
Note that there is sonme overlap of the frequency signal interfaces

nal..i nteerfac scri bed

d bed Fl d 6B and f sj
i Fl oeeh g of Shisef mierEE oot TenAln E ABER: ey dnelked Goli TR »
FI GS. 6 PRdmEEaepes %aﬁédsxeohﬁﬁauémfﬁmemf 681 B8 TR LRI fREBle a3 withh as
those described in FIGS. 7A and 7B. For exanple, in FIG 6A the first

(hi gh) fthesqomafithe piesgraldescripborf.ace 76 is preferably a capacitive type of

or of or abl y - aF BoRddbery BCaph SgTu A by e P S B T I RN I HS 0
035034790 RES! KR 202898 aﬁ@/@hpéwa%%naéc%aé lobﬁé@f)ﬁt@x‘&@ mwlﬁﬁ re"‘cbﬂ;@&b@ at
different frequencieS. Therefore, by this notation and by this exanple,

var i ousinslepiesgxictivels, thé sﬁh@du@m;r péckagd 62 sapdeseBirg the p@@@gbd@lgmtyswrt Hn

th th t FI GS. 8A, 8B, D [
cr ose- SBEP R Wil A Been enpedtins Aot e sartt ipveriss: Praoirbbalty 16 2450 ng
si gnal é&ue&%@for@%age 65 f&ﬁfeaegsua@woo&afgﬁdambwmml4t,ssb<wet h, recessed

or inside, respectivély, the sem conductor package 62 representing the
pac kag eAdtemagmls yhe é@nZZ @naydedomaainsenyildviel ddseznpasshomnad FEGBoA, EH €, D t he

sent ntion. Prefer t is.a ,sem ckage 62
PuBhea ad L BY combinaner Drteos oNaie it T semicandigion e 8 And Ao BrTeagERs
the 'C stFR 68Cas AoWRdn nngazf(}’ atEYRh ndEHLER m@&h%f@‘l‘@ﬁ' @A':élﬁz 8r#Br 4G,
4D 10 and 4E, of any conbi nat1’on thereof. Note that the sem’conductor die
58 and thesalkeofl daitstue these fomufigtresit e 60, as shown in FIG 4C, are bot h not
shown in each f Fl B 8C and_ 8D for the sake.of clarijt |n these

four figurest! %@% @eaahaa\ede@aeﬁﬂhmmpw%dé%gﬁhﬁsea

| ncI udl tom
thel & %%ee@@%ﬁ%ﬂ?%%@? E8PAEEGRM 76, b B A F4)nl B0 s #%ﬁ%%@%r

cclﬁnect #nhe K poer csningetmlondémhe@tgnairboﬂﬁemnd 2t had gevywewet oomectioro?4, 24, as

descri bed above. The | C power connection 46 and the signal cqnnection 26

are t hedesgrpedabovgeLhe i%eawawveectr?ﬁé sedrheciaat camegfigirse B sAms 24

pr edet ea%gcﬂggd%%k,gkness 88. The predeterm ned thickness 88 nay have any

val ue an ifferent on one or nore sides of the sem conductor 20

package 62. Thesagiobedueth phekagp6Z kageprodetemyindibthickhess@80Thapyederpniedi at e
mat eri al . Preferabl i{ t he val ue of the redet erm ned t hickness 88 is
appr opr thigkaessot8 mpy haysrany aalisaad may bg difigreationong or presifes ofdbesantcendugior t he

S 9261 co ”9&&5&’% 6P a'ﬁll(ea&?mg&idugtroF f)&'kggé &2 mBJ) fe Yoq'lnlég o?]:m}I z;b%ropnate material.

Preferably, the value of the predetermined thickness 88 is appropriate for microprocessors using
plastic or ceramic materials for the semiconductor package 62. Preferably, the value of the
predetermined thickness 88 is the same on all sides of the semiconductor package 62.
The IC 22 may have mechanical features (not shown) that permit the IC 22 to be aligned
25 and/or attached to another structure including, without limitation, a PCB, a connector, forming a
cover, a socket or a frame, a conductor, another IC, and the like. The mechanical features may be
formed as separate parts that are attached to the IC 22 or integrally formed with the IC 22. The
mechanical features include, without limitation, pins, ridges, posts, pegs, bumps, and the like
extending beyond one or more surfaces of the IC 22, and/or holes, recesses, troughs, and the like
30 extending into one or more surfaces of the IC 22. The mechanical features may form fasteners

themselves or may cooperate with separate fasteners to aligned and/or attach the IC 22.
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predeterm ned thickness 88 is the sane on all sides of the sem conductor
package 62. The IC 22 nmay have nechani cal features (not shown) that permt
the | C 22wom3loat79¢ i gned 25 and/or attached to anot her st PaEtuso®3G58€| udi ng,
without limtation, a PCB, a connector, formng a cover, a socket or a
frame, a conductor, another IC__and the | i ke. The mechani cal features may
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and the |like 30 extending into one or nore surfaces of the |IC 22. The
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/USO st gha nnection es signa $°90. The

Sl gnal Férﬂ@ﬂgSome Wvdfdtgnalamerfawanplbyamﬁb difrall chRAdi VG hike wr@RAS on
the signal connection 26 to be received by the I1C 22 and/or to be

transni mee@nw anfeeleatriog feaqerﬁ&@nd @haeacmm W@&&%gmcmt@ctt@nﬁampm@ew th

t?REan d g?llf;ﬁen%c?%ld?tlve typ ¢ S sfl %n Ifar%?,ftgg Slgﬁl A c§%t%\é¥g P gfe&a%)iy mtag?/%f fRefal &

i nduct i t(ﬁproojgygﬁ]ahmc%@ta&m ssion line and wirel ess. Dependl ng on the type
of signal interface enployed, the signal contacts 90 have a variety of
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cont act are Wit h tlvet e of al rfa

i onal - D hhal SREEUR fp phirt Al HiafRla T o Bk g s 8 cop By Pl

cont act ﬁeedé@ fOMN@Paditie storih BhnsFan t@%n@@lyaﬂhe dseERad inhtefiaMnbbé ?@vﬁﬁ@ %ﬁtH ive
type of signal interface, the signal contacts 90 are preferab made of

met al t thedER2 aethe nend_ucutee platesheNdo atitheiother pidaoéthe cneétd:@de pbteSdacpiaszWn)/e
signal tr fer. Ater Lvel t he dielec b rovi ded

o o ¢ pl Be phovidbalcR Ron iE o n attielives ¥ dgspabdhtats BB affelte of *t he
cqrducti ve phafchthd f8hal THRAMERS 90 ﬁfb”doﬂlptaﬁbllérv@tﬂ e chaabtive oP§1 lifterface, the
connector, as is described in further detail below 15 he si gnal

cont act sgﬁﬂ cantacts Ofiast priofegably trtade hEmetatioqirowde bypadodf the gwaiuchm eemante, t he

signal contacts 90 are prefer b e of ta rovi de one si of the
oot heded e e ion SiehudPar: Naiba i e e qab ipeNgi i fot e

ot her Sblﬁﬁwﬂfcoﬁlla%e??&qﬂﬁf 6ﬁ/§P€5396¥%ﬂt doRRdctorS oMM belddithef ﬁm&m@ﬁﬂ benma
PCB or on connec as w | be describe in further detail bel ow.

the signal cdvitcadhssigialaoutacts ﬁﬁ atd dolmpatible lwithhthe optidat gipetoy pignafintsifgeeg Ithe

interface, the Si contacts 90 preferably. formone aor nore optical
t rPins i §1§Bﬁ‘1§°8ﬁ8tﬁgp P& F‘ial;,‘b{l OFB OBF GEmere opticaljransristers AU oo egetierhas
detai |l beh Wy S%S@lntl}aﬁhéll%i b&(ﬁm acts 90 are conpatible with the

transmi Ssion T1ne type of signa
When the signal contacts 90 are compatible with the transmission line type of signal

interface, the signal contacts 90 preferably forms a transmission line interface to provide for a
proper impedance match between the signal connection 26 outside of the IC 22 and the signal
25 connection (not shown) inside the IC 22.

When the signal contacts 90 are compatible with the wireless type of signal interface, the
signal contacts 90 preferably forms an antenna interface to provide for a proper impedance match
between the signal connection 26 outside of the IC 22 via an antenna (not shown) and the signal
connection (not shown) inside the IC 22. Alternatively, the signal contacts 90 may form and

30 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
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interface, the signal contacts 90 preferably fornms a transm ssion |ine
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Preferahly, the electrical coupling between the S|§nal contacts 90 and the
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WQOW” NP %né‘é focQMiorR Bt tglg @%‘rd&ttﬁ%pt g'é a?rféﬁt)wn'&[thé toy@ @ggpg%dggtﬂkf‘ﬁtes 90

oca on any sl des 72

and 74) s@fncbﬂftﬁw’tdﬁpﬁ&ag?ﬁef ghebilgyal cbhtﬁcts 9gnad illastritatinseadlofigire ab sieglleblooks t he
bottom 70 of the IC 22 to nmatch the preferred |ocatiaon of the signal

cdfinect farthoske 86 clggbe rPrB@waHbdbﬁeSIgnwwaﬁaPP wlud@éatltlalﬁﬁnctl&du@lwegret gnal
contact §%1§9ct%q‘re%?8 é’t& éapﬁcfggﬁéagﬁl. 3 o f dn et dé’o %\ﬁeqpﬁ%fgvﬁf?&?““ or

package con are i gure as sinple

bl ocks #dlatfverto tﬂb%eﬁﬂé@dﬁétoﬁb@khgey& Frrrafetdba;}altﬁeysdgrtameor&mg@ab alt BiMeahié Sar
include nmul tiple individual signal contacts corresponding to each signal

pat h. Tnlevattoglrralau@em@es@nggndmgorma@@gaﬁgz Ehwatangﬁment peratiisveesadf t he

A T T

pPasM t s AgRERALOE] tﬂ@@ighﬂ%ufabﬁ@mﬁd&ﬂﬁal%eﬁ%f ﬁ@&Btﬁft@fenD@l@Mﬁﬁs ffatiz8do grse of
connection to the si gnal contacts 90. 15 Alternatively, the signal contacts

90 i ndi packags 6%tqmyomma@|mnem5edﬂslrei enginderng consideratioss.t Ghe signa potkets 80 62

to accommp ate vari ous. desi capsi der ons nal

ont oy SRSReY ) Hadt gk Pichopahg]. DA g ke SHRHeS BieRide” Uinopt tinitaidRe
Shapes  kdifakd) @ tanphufal G¥tind, ioWhil @td 188 like. SH#é@ér@oly,rtﬁé?Elﬁé‘QHh o 0.5 QNG mrﬁ\b@rlo sand
the like. Preferably, the size is in the 0.5to 1.0 mmby 0.5 to 1.0 mm

squar e tqahgtmn_ﬂqureraal@by,f’retfﬂeblmﬁhemamnai 5 agafjainicamateriglat erial . 20 The IC
DT CoTneC Ol SR RS BNt oDl ke 95 Lbtrd el
pover CgaReadonfRt gbvides By type of path that permits the power on the power connection 24 to be
delivered to the IC 22. The power contacts 92 are coupled to the semiconductor die 58 (not
shown) located inside the semiconductor package 62. Preferably, the electrical coupling between
the power contacts 92 and the semiconductor die 58 are made using wires and wire bonds, each
25 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
30 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
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delivered to the IC 22. The power contacts 92 are coupled to the

sem conductor die 58 (not shown) |ocated inside the sem conductor package
62. Pref ewalBy347dhe el ectrical coupling between the powePCrarsvzstsss 92 and
t he sem conductor die 58 are nade using wires and wire bonds, each 25 being

62 are 16yt ingrethre LRSI RRDIR Ve coivzeBbER s ERGuBE By 1" °
el ect ri faé up Siépé EdtlacRESVRBNC R rmwuse&mr@rghm an%%tl%?‘iﬂoﬁ%%w%@iﬂ phieass! T

die 58 is heavier than the electrical coupling between the signal contacts
90 and dmeée Ailtenmateulocasionsi far thgpowWdricontacts 2 atecthown oadhatwpa@emdstlhq/bqimﬂ ®s

t t ted t tact, 92.t h
T ot BB e P R B SR SR Rl S e 2
seRi co nggﬁﬁi@ﬁntﬁl Rdecs e BrddPee EighARbAGE S eP gqi arBLalbRE Blestl a0 oﬁ“fﬁé 5t Or
all sides (i.e., top 68, bottom70, si 2 and 74) of the IC

Pr ef er aBd gf the € 22dweause dtqfames)egﬁomﬂe:ohtactas adthe X a)heam Yeaks) Lb@atufg the35 WD
03/ 034799 PCT/ U802/3 589 tc the preferred |l.ocation of the
oo BRHE GRS SR RS o A8t RIS DALY temccd FHELols Paps v AR A er o
the IC Ec{iﬁ}e arey alQﬁ Hﬁ@aﬁ%n%ﬁ&&ﬁ%nﬁf@oﬂh@ﬁ'ﬁ 29 BBcRMREs RBct Rf'i‘éé RRSededf

desired. Alternate | ocations for the power contacts 92 are shown on the top
68 and when tietsignal ddhtacts 90 drel the poweanmntL92pac diagbued onloppatiiersgles o€ thed@er

h d of th C 22 f f
pab gfé%on&wﬁ&%{cog@a@é ¢ Wosied 10 S et Y e Dot foe scrkomt SR o
the 1Cg ﬁ@eﬁ V\g&)%f EQf5s%s @ffnc Wultg;gg ﬁrﬁﬁ'\;ldﬁﬁ gb@elt Ot AR c%n%{s

Locat i ng t contacts on t 68 of I C 22 significantl

r educesodsff@ptf)m:xgtop@nh pogergatic amt grotindopath, a5 destribedwith reflecenge toHHGZ-lam S on
the bottom 70 of the I C 22 because | ess contact forge i s. needed en %he
signal cont a@P%P@‘Meraﬁ?BtaPWQZdB%IPaVE&HY slevaiopaelatiye tpthe spiGORACION Pagl38E

si des O{a @'?fﬁ%%slyl GnéPal) HVE tﬁ@%{e éi At t}e‘iatﬁé t8hife dehh#b%ﬁﬁ&hﬁ&ck%e% fryfid gur e

as sinple for the sa ractic r contacts
9351 ncl atlghgeitehi pEr@its Babe\oif chsalifapaivap off}mtsamﬁ@namniongaahxgé Gacuntiaeie&f
correspondi ng to each power path and ground path, as described with
r ef er ene@megtiqn t&thQLPOW%éOB@Wé P2c eﬁ%&ear@%gelgzthﬁawﬁwéta&m%péwww may|hgys ve

to the &‘%f& ?@g%ﬁo @r&?ﬁi‘\% (?h66gem1 ugt;o?%%g(ggég %2 té)zpragé{rﬁf;ﬁlghat? Xﬁo&she same

el evati on re sem conduct arrangenent

per m t segascriaf comsiddraddng/if appropridtbe sem conduct or package 62 and ease of
connection to the power contacts 92. Alternatively, the power contacts 92

i ndi vi dual | yF %ﬁmdlnétrataﬁ theihe signal contretsGandior theinpaver sontps Wb arederiset or
e R R S N LT P
power CcesHtaed 82 &2 raikel A@Qéll%butéi@uﬁhﬁe&if(ﬂl@e dndicuRutoPpakeios? pagkage 62. In
this Cals)reeliettepn?ingcil ggiglt 9C4(.) n’lghaecl}rgde?e%n?r?eccil/h%irghg 84? OP t?l\gesirgnal 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 height 94 is appropriate for
25 microprocessors using plastic or ceramic materials for the semiconductor package 62. Preferably,
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 contacts 92 are located
flush with the semiconductor package 62. In this case, the signal contacts 90 and/or the power
30 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
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contacts 92 are raised above the outer surface of the sem conductor package
62 by a predeterm ned height 94. The predeterm ned hei ght 94 of the signal
contacts WO oatsf7e¢ t he power contacts 92 may have any valpae/usnzi3os8y be
different on one or nore sides of the sem conductor package 62.

Pr ef er abl of the re term ned._ hei S ropriate for 25
m cropr6 %%%Q@a‘tfg BP‘é(E‘t‘?OB &r%ttﬁcﬁss "é?‘g'g‘t‘eso‘ﬁﬁrrsufﬁgg%fg conduct or
packagesbicoddiet ogg, ¢ 62 Bye v@deteemﬁtedth'aghpéedﬁt@maeﬁm&i het he
signal contacts é’ power contacts 92 is the sane si des

of the signilcaondutst‘)ﬁrangb’ac kfzeg:e“&ﬁ corfthd® 9BMay hhvesdnyatabs amtiamaytljmehﬂ“elgntadn one

contacts 90 an t he r cont cts 9 ocate flush with th
sem conB‘U’E‘PEFrSl‘g'%icﬂfél&ese con@dyctpypac é%@ ﬁéraé’h%ﬁl?ﬂ tjéﬁ? Bredgsenpingdr ¢ he

powger 3 ﬁtoéét k& B Wefake conduct or

pa\éﬁage %5 I%%@'&S 1%ft?tf(grtrlat r(\"&a%%trstltIIE eé)@%g%ca‘t? cont aléltgfsengg ]5@?1 or the

power csdthiaciiduct? packeagt 62.aPederplsly thalvhlye béttﬁspsméteirmhiedaetght)% efsthe sighalg

i ndentations 98 faornmed in the sem conductor pack 596&8 In this case, the
¥

si gnal conigetsy @y el ordhe powescepntasts 2 3aﬁeeameeﬁtagét gnisendyetoragkase
ackage ko (RET Ll ECARARMAARL A eAlIE B Rindh WAEE: Bimdsdor (RATLEPLAMERSD0 |

si gnal eadibade @o@@r a9t hKheﬂ%ies mytaa@t;&oﬁae myhatmoaealagamenabue and may

be different on one or nore sides of the senicaonductor Eackage 62.
Pri8f er apitachmepifegiirasdonthe pREeH@AettOn g/ o5 sigerlpernesgon g6appropri at e for

package o2, B erar UARyReftal Geplen SRR SBLGT) Blehonloilions 22 B SGREL "

si gnal irfsmattﬁ@t@ma&dee@f Eackhgetspommscb@w; aetssgxﬁlzcdrﬁactm &iive: thp@ldr Si des
of the sem conductor packa 62. The recesses advant ageouslg reduce
cont ani peRtasno A/ disposrehingiée an inngesusfagnaf the semiserdicty pagkige 6 tThe power

cont act s, 92, e S6GSR A i ALaC AL AR TESANL £ALe &) dO0IRA coflecd B

power connecti on r sig nnectl on

265 FlI Gan(ﬁg}mupgﬁgg@tne@tstgyat the signal contacts 90 and/ or the power
contacts 92 are |l ocated inside the sem conductor packag)e 62. In this case,

the signal cd&he¥csignalonnestion 48 h@lml@ﬁlgnéh?ﬂc&%ﬁesm@ﬁa%ﬂ Odilwoiemal paskagre an

i nner surf t he sem age 62..This

acvant adu ey Oh s 5 ERERBRTHE PruRPBIE IR e il PRARE TS s

cont act &I&Qondléto@%dél&ge tst‘@o BPUMRE wEDTh@ SikRal 3énnebiin D& lozh@adLtskIRARGCt | on 48

i ncl udes a signal package interface 100. The signal package interface 100

is any sgmigomductonpeskiage é2t hhe sigeslpackage idersicgl 0 mayriedomsedrB al ssparptedaitnsi de

duct k 62 t t.h 26
| aBat o Tol BF demErRtets e e or Ten sty i9et PR srm BanR Ry BhekEe s ace
100 may 6P@sihe vaRshsatetRodaRak & RsdBiblding, over molding, snaps, interference press fit,

adhesive, and the like. The separate part may be formed of the same or a different material as the

semiconductor package 62. Alternatively, the signal package interface 100 may be formed as an
integral part of the semiconductor package 62. The signal package interface 100 is illustrated in
25 each figure as simple blocks for the sake of clarity. Practically, the signal package interface 100
may include one or more individual signal package interface 100 corresponding to each signal
path. '
The mechanical and electrical features and characteristics of the signal package interface
100 depend on the type of signal interface used, as shown in the table 84 in FIGs. 7A and 7B.
30 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
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20 fromthe sem conduct or package 62 and then nmechanically joined to the
sem conduct or package 62 using various nethods such as insert nol ding,
over nol dwog3z/ostaps, interference press fit, adhesive, amdTiuse2/Biske. The
separate part nmay be fornmed of the sanme or a different material as the
sem con?uct or ackagne 62.. Alternatively, the siggal package interface 100
may be ds g the; qutsids of theysemicopductes package bk afbmay bearowided op2 PG er
si gnal it (oS tr j ! LG i npl e

o1 ocks Tiof epffecle THE SRS sl 0B e fp SRICAE AR AR T 2
100 mayppropiiatel dietstaicotonsmnteto ipemhhiy capasitive signall trapsfek Bg e eémthe chadietitOplates
correspondi ng to.each signal path. The nechanical and el ectrical features
and chaphbyigeals havipgappronripte Seqyisnsicp aewhdes.ffer f ace 100 depend on the type

of signal in . Ly ] s (A a 7/B. 30
For5 exanpl e, F?%’%%ﬁ’é#t% :ﬁ\%n@@g %ﬂ@%ﬁé{gﬁ%ﬁa&gﬁﬁe@élr%fﬂﬁg} 7 epatcggai%e t he
si gnal paeakege 00 bt erhrdes 210 0ptiel teps MRthiScage, heddi@til Eortadi®O@Fordl an dpfickthi S

case, the signal contacts 90 provide one side of the conductive plates
requi r eHansHHiterandiqrianwptiedl gergiver. r Birstignal package biwsfage 30@ forais theneptisaklgngctoi ve
pl ates ;- PCT/ no, h s on the outsi of
Phe. sen R dieiSs setts e S G0ty Bk Ry R U el oot oy o

connect allternhtigel§) 48 ailgnﬂax_akla@e ihtBifedel 1006nakO0Brh @heBr Mbe: 1@ ednding thugh i al
having an appropriate dielectric constant to permt capacitive signal

t rl@nsf ethelsemipeaduatpiepaciseap i towermpit Hiesignabsonaipeiionl 26, framet gs apipabfibratte be

frequenci es, .anpl i.t udes tc. .5 . For e I n optical. type.o anal
|t er 1 agcny AR gl et i einscy R BB p el B0 led5 e dn s
an opti gad altPMiive] the bhé 8r BFEholdshBaybalsNscuzAnd Sstical Sbers &F the 80 20P By GRbther
transmtter and/or an optical receiver. The signal package interface 100

forms t bxanagle.iactzansimassiontline or waretess tyipe @b bighddnteifageahay tequirtithaf wesigndl | i ght
waves through. the sep conductor package 62. . .Alternatively, the signal
packagep?c%f’g‘?'?’g%gac‘iggbﬁrﬁg’%bﬁ? ﬁ@%%g%&atﬁl?}f’%ge‘@%epdi ng through 10 the
sgri conduct OThPAC bawer &Ant@ioRsThdluddi® pow@P Bhcka S MEE EcO D02 Thep ickage
b h | I
e

optical fibers, to mechanically aligned with the optical transmtter
and/ or interfasptlD2 & anyeyps ofanterfaed thet pemmits heawet pontadts 82 lwicated meidevks t he one

or nore hol es al.so ure the. ical fibers t he, I.C 22 anot her
exanpl oserBieo R PaURgR SF Fh aupe i fahe BEverpgBiesfion 24 ot bt By Ty
requi resgntﬁ@g,n&dgg,r%gg&%g@.ackage interface 100 be fornmed as an inpedance
mat chi ng device. 15 The | C power connection 46 includes a power package

i nt er f ace 10Zhe pheepmekagepaickiacsel 02imayebd facmed 822 sepamteypartyfoemdlie i nt er f ace
that permits {he power ntacts 92 | ocated. inside the em conduct or

p _kages%l?c? u&&éaﬂa%'@gw%?ﬁn ﬁl@n&f\ﬁg IR WARILES Hhe seruse l@&)raa@@gaégﬁﬁ@
sen congWGy Rlse@RHNSRAE, f2r molding, snaps, interference press fit, adhesive, and the like. The

separate part may be formed of the same or a different material as the semiconductor package 62.

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

25 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.

30 In FIGS. 8A, 8B, 8C and 8D, the features are 1llustrated 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
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The power package interface 102 may be fornmed as a separate part fromthe
20 sem conduct or package 62 and then nechanically joined to the

sem conduwwDmB/opEekage 62 such as by insert nolding, over Peolusongnsssnaps,
interference press fit, adhesive, and the like. The separate part may be

formed of the sanme or a different material as the sem conductor package 62.
Al t er nasigpd|cpntacts @0 eratqd lﬁﬁékﬁ’géemmoé@%@ai@zer@&yastﬁéoYVBr"iirEEG &P maybat egr al

_part of aérﬁ@meé %%ﬂ@?&%r%gntggtg ?29(?08?6% outs%)cf 0@&%&1&?%}?%@&8&% én [face 102 is

illustr h eac ure as he'sa clarity.

Practi ceémuondlmwr@amrge PGS 3BEWR nierGSause $B2ndRY, ic8pdcticlely. one or nore
i ndi vi dual pomeraqr;gckage i nterface 102 correspondr ng to each signal path.

The nec hanl EHES. i 98 @‘@tﬁq dlystrate aplansdeva alitheiar2dcassshpwhiin F1GS. §4 SBp Sfvear

k 102 d f h ed d
Pr S e naDIEIECS e R m R i alor S oSl 2 e bE e Ten LEWoBRE®] |
FI GS. 879 a&Bor S8e(L, Bddpedtivelyl 8AhHIE 2 aé;ﬁesehim%sﬁle@ha&gé Besigl §ysehf16 ﬁ{

illustration and not for limtation, any feature from anﬁl one of the
Fi gur esa¢paydanee withitheprdfenied hmbngmreewqf tlee presentinyagtdne dn gacht dfé ﬁhgapr@u@so

d lt | t f f
051 034755 o LRSS0 gRearolER YLEE rebieB e ALY e pauars for
sem CO“ﬂHﬁ&%orﬂﬁﬁb@é&@oﬁl ; Pea%us&lgwmel s'i\grﬁl &ontfi IS pokRP Bk w fnhy hhee

power contacts 92 | ocatéd outsi flush with, or recessed in the
sdfii conaucappropiatksies sBape, thickspssvsiniensipn,Gich.e. HBhante@@angempeof theel y.

FI GS. 9A, t t f th FI GS.
EAap, Slgedligonigts 3 aiet Bov SRR b ang i Hort. Sk eleR bOTerR DR sher
cont act §1d9ﬁ% 472)6%@%9@ g&ﬁdés%ulﬁ Bte cRffoliRiRnts/@aldrelithinsthe 8éoph of the

respectively, of the 22 representing the package design system 16 in
accor dasmeifiatibn.t he preferred enbodi nents of the present invention. In each

f the th i tact 0 tacts 92
Cepr ecent ed Merdityriogs 4R ThagaliS P o b o B RRle B iin)” °' ¢
Priget | Calshifcohies D IMalor FONLABcRDIATIE 0B ARG HIREDS %mmrdﬁ@yeelﬁg

any appropriate size, shape, thickness, dinension, pitch, etc. Hence
ar r ange aenlablefto chey mgnqj rcahtacts 90 aod/sr ﬁtﬁ)warcdtltacts r%wht thc@mfamdserﬁliodmenm efor

il 1 pl BedReEl EFIion, BaSERA ERAFISR b SoEEa BB T AR TLRHIEs G BB aRoRr o
parti C“irﬁlﬁllgy £ oBTHRG. 96 ilndndft 1Y G § 2 Jrei: @Zfﬂelﬁ%%alllgol%%o Qﬁ’bnﬂ%?a‘{%bﬁéag €

tocarry 1 ignal contacts 90 and/’or power contacts 92
i 11 ustr 80 esd/bhpovbatcontacts 0201n theprdf&@r&Penendigents vhthe phdsenttinvension ythes powed

contacts 90 and/ or, power conta t he ref err enbodi nents of the
prsent C‘i’%%ﬁ??é‘i‘ﬂ%ﬁ‘@%éﬁéﬂdeéﬁ% aéhélé 32a85 P%é?gﬁg(%:the bottom 70 of

the 1C 22, ag 1(§§'.01‘MA, 10B and 10C illustrate 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

25 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

30 portion 108 carries the power contacts 92 and the inner portion 110 carries the signal contacts 90.

This arrangement is advantageous when the power contacts 92 and the signal contacts 90 have
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in FIG 9B. FIG 9Cillustrates the side(s) 72 of the I1C 22 being avail abl e
to carry signal contacts 90 and/or power contacts 92. In the preferred

enbodi mrerwe 00/0347b® present invention, the power 20 conta®C3/u3B2/3589 | ocat ed
on the side(s) 72 of the I1C 22, as shown in FIG 9C FIGS. 10A, 10B and 10C

i gnal | BRI 6T HE0HID U GHRER. 28 SHUALELan AT BRSO ik B5.6hCh e op. 66
bott om e dé B thé g@&éf)coﬁfac&f92ta9@ccdnglzlgt c. il the bl %{)ﬁth’&g 58 hicbafiitie

portion 104 of the top 68 of the I ei ng ava e to carry signa
contacts 90 HIG/OC plosteatecandideatporteth 1 1&rand anetinep pottioarl 1206 thi2Gop68 bhthelIC 22
I's avai lL.able to receive a heat sink, a heat spreader, or the |

gk

i ke.
Pref er abf yach heingryaflable i garyssignal Aerariny G and/rqinee Eotfpgt 93 nrefersbip the
Pravi de gt B&{igﬁll 1PehRed B é)ﬁ@%%cé a%cgs%ld{nﬁvme Y porfib® q&lgﬁg%sqth% éi‘g{lgll G I OB

Il l'ustrates  an outer porti an I nner pol?tlon op 68 of
the | C cazahePtg avail able to carry signal contacts 90 and/ or power
contacts 92. Preferably, the quter 30 portion 108 carries the

h
contacts 92 HhBIG-Hd thesapnssinrilildancludgs appropraaie fﬂlﬁ@tngalgqa&me@ami%?@ ggaenryes andrpj g

arrange LS i |

o ont not Tt RS A PRR AN I RERLhREDONR, cGOL b cOnARIn DB bERGYer

si gnal s conteetidro®4e8nd the 16 RAWThE Borirbloe 1 B2is@bmiphdiSie with thé darfds tygies bf signalf or
exanpl e, when the govver contacts 92 are conductive and the signal contacts

900ar e EHgrAAces figseribed with tabte $4 IJdGSafAanddBout er portion 112 and an i nner
ti 114 qf t 6 [ I |
B gnal cont ateg B Beote Rk hpbdinet THE braEhl B iRl # BnleicitizY

por ti oncdrdids gRvoltesge feflatod WRIdu Bt adlos tHleatthling@apatitaiceI; hd 9desctibed ad I'i €S

the signal contacts 90. In FIG 11, the connector 112 includes apgropriate
el ect r i &uthendetaihrbelonniinge the senpeeter Adcardesdha i 82, the veléaze segvaion medylp 38

connect Aobe SiAPnl FipESk 2 o R SXNGT MUCER AN Rh ARy
vasi ous niifising theSlefgthlof e godlep EdrareetondRIs Vlid@eking the 1dnzk 6f Bdpdwer™! GS. 7A

and 7B. According to the preferred enbodi ments of the present invention,
t he conpewteetion24 in buprmsmizaethg dmpedace awlindeasancaod thewosr egnueefton Zkto

d i . |t 4 i S, 00 i.b in..further d il, bel ow. Si
decoup! L AREARIELA RI5R G Rl 5T Uit bugt ST ek S e
and/ or L BRagdeRRHRY 16hol ARAEINtaAN B h%%n@ﬁﬁo'a%?iﬁéif&ﬁaﬁd&@lo the I1C 22 as
possi ble, thereby 15 mnimzing the | ength of the power connection 24.

M ni ni zi ng t Abe cenmgetior d12 thap hpvsvearious nmecshiapes, 2 sizes and ba made nf varkes t he

- Rt el PR o ow TG BT o op B Rp Ser A

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 align 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
25 connector 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
30 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

and 128. In this case, the connector 112, formed as a cover, has a bottom surface that is located
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vol tage, narrow voltage margin and high current to a high performance IC
22. The connector 112 nmay have various forns, shapes, and sizes and be made
of vari ouw026/08beri al s, dependi ng on vari ous engi neeri ngPCAMNSOUBSEL | ONS.
The various forns, shapes sizes are represented in FIG 11 with the

dashed 124 d the | dashed | i
L2 b Fadon A6 B B T o a0 055
hor i Zonkgitey etbhddowh £h|'é sfR§2dnd 1H66thE 262218 §a§1‘1@&' 1iRe0r 24T HAAGHL ![rYﬁisYcasJ he

dashed lines represent various places where the connector 112 may end to
forma ]:larcpnmdtcarl 12pfonmed ksapeover, has a botbcim auFicechatnelotated Qd;ﬂanaNumh drfbatowt he

o ar o tediation To dithe 16,22 el FaaymidheLd B seley o PLRCH40itEnssert. Nafe
past of tﬁeg;%nﬁ%%}gqbofonﬁég ad 5‘@5%}' $s élﬁﬁtg@xt% Q¥ Jnla‘%aélpﬁd@ﬁ %c% 1 Per tthC22
onl'y do

may exten wn to dashed l'ines 12 6 essentl a ormng a
cover, B2t mlhdmd nitrb@vintegsetad pd Bding bmitedips suahe Altetrativ €y ARe cd>rmet:th'r $1ase,
t he connect 112, for d as a cover, has 30 bottom surface that is

| ocat edfBs aﬁarco‘oﬁrmab Guchywith apinsigp theesidgs 72qad 7¢obthe 16122, BdGnédhor 112,
formed ﬁgl ﬁat%?é( eZH@téﬁlééHg%Qlea'hoﬁ%f QOM t1 i%hﬁi@tf s7a200@91d 74 of the IC 22

to dashe I nes I'n t IS case, ‘e connector 112, formed as a
cover, has aBlthbthm atanfpée; an idvedr plaﬁ olfdmaioﬁdecter410 2\fit @3lo0Aéd Bow the bottom
PCT/U802/30589 bet ween the top and the bottom 70 of the I C 22. The

cdfinect 9 ofthe ICf%r%e’a%ndaprﬁb%Fo d%fflaf;ﬂ linesi2fhard &34 essentidyrioming aserdst, 72 and
74 of t Bl fis@Rndvth Qsaéaﬁ,dor goe&g lfn[% r BO4C %%014 %a@é $h éo%ﬁectgxf &ﬂ{éﬂ%gr

112, formed as a cover, om surface ocate cop anar wth

or beI ovocket) ﬁasb@totpcsmfi’& thﬁt ik hate€ cdplana wd therybekyit &uad)otwmeﬂowf phesl@ 2B CcEhof
the PCB 114, bﬁr esent. Note that 5 the connector 112, rmed as a cover,

is s hovxﬁ(’ltf’@c@kﬂ domRsAss @ segkesh @?W@n?? atendup the sidese’2 @d 72‘2°f thedC 32kul d not
be i nt eﬁ@&x@& ?gesaﬁzbﬁdqggl ﬁﬂh&sﬁ%s%ﬁlgi&%ect@il 1197 Rhded G soctkggh ér)]%{?)%shﬂ% etl

formed as cover 1 nsi dé e Si

| @522. Fnlaﬁs 1824Aed bdt-lvué:d thabetgord 70hé tHdabpo$ eflthe IC Rt Tht icomhedior tt B, fomndtat or
112, formed as a cover. By anot her exanple, an | ower part of t he connect or

112t hat spaket, grayt fugheraxend updhesdesoi and G478 ths IG 2Peto dashedl lingy 1 2% ancherny up
to das hﬁﬁ's éa{sn %{he@t%%’ 1 %@?%1%%@%9558&%&% htag‘ri %pns%rf%cg @1%%( %tmcate(atclagfa\{iﬁrs\gltl‘x(g w

as a cup or ander™t case, connect

formed asove th§%mtofﬂli@mmtN@teshmfu%:@nhmrm foemad acla SsRbRFhowhitd Or
bel ow the bottom 70 of the IC 22. The connector 112, formed as a socket ,

may f ur extend bssond gadysidh® andfiisofe Knd2, hat gouidheot be intprpresed apchsnailimitedes 122
st ace s AR5 e S GO Ader OrRE! Bt Ehr0-BRa EREE D B darR e
75 a2 MO LEOR1633. HIOTEIL ey Resgmkil 418 oo enhsrt i, 5 s
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,
25 around a perimeter the IC 22. In this case, the 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
30 surface of the PCB 114, if present. FIG. 12C illustrates a more detailed illustration of the

connector 112, formed as a frame.
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this case, the connector 112, fornmed as a socket, has a top surface that is
| ocated coplanar wwth or above the top 68 of the I1C 22. Note that the
connect orw012/03470¢ mred as a socket, is shown to extend bey®od/usawbnsgd de 72
and 74 of the IC 22, but should not be interpreted as being limted as 20
such. Alternatlvely, t he connector 112, forned as a socket, may be flush
with or insi dBeseiresexaplesof the gomngcier 11 domedz2s 2 cpye, a frameior hgedkieht es a

o1, 9 kb LR s SRRyl EPRES PR RSB o),

ar OU nd tHaetheSest@tptiéds Ritbe ééaniled afb%vé Bledd irft6 Shtdtigdr] Fof &xample tife aésé‘ﬂgion
ot herw se known as a ring or border, 25 around a perinmeter the IC 22. In

t hi s cagéthetcn‘éerd?éfrmlé eltt@ theidescrintion o thecfeanae, findh the, depeiiption vé the frame blandsdve

ate e t 68..,0f the ween t he 6
boet om U5 EftrfitioR 3P 1 shter Pl ufhe bknlss i e mAThEESThsbBE L 1P Pag Be e
con nect Qycatkd dn ahy 'bﬁ@@r Mbresidds dMfehe ITRL, wikh¥® LRiAihRE ®URE ARSTAALINIFSG. 11.
| ocated bel ow the bottom 70 of the IC 22, or between the top 68 and bottom

70 of the | CTheconpsctoept2meyhadt any saasbiematmbmcmMgawdhmﬂlmmmnmlyst@xt end

t t f f the 12C.i | | trat
o o | el AR ot Sitebe namctonblcs A GRRE il iTGion. b Padiege ™ ©
03/ 0347 89n et R824, 3PRERabITNES BortrREBLisTS R TR ribfncéﬂlﬁlcﬁ%‘ ?%ﬁ@fnage;ﬁgl aﬂ‘dor med

as a cover, a frame or a socket, illustrate exanples of the various forns,
sHépes eaTties ippeepriateasignal gontestn Gt @lno‘m)znd anwhiscatachicha opkeate witk the

d t b h th le, th
doscr | prrampoting REndSORRoE PO AR PP HP PR SHesteF by B Gre WEAGRY and 1 he

descri pial@matbely! htﬁe Eéxﬁﬁ@topll eNgRy bBf@med aE BRirf\E b6 drd LAPAnP theldRag Ok Bihtor
Hence, these exanples illustrate that the connector 112 may be Tocated on

any onemuduled8engdiod deconimglcap&2anasi 42havshobmiin glGi Zrateod. tAdterrtalavely, the
illustration i |G ,11. nec or 112.mm sui tabl e nateri al
ol i OmCROF R ey bR formetigs 1 JeacuDE caprsiaree Adatecit DRy ot Bkt { abl o
char act gidagirirfes sfrﬁ‘&ﬁt‘éd PI‘i\gse Wotan@Hltatllféerré @ésh%bd 19%1@1%r‘€1@ﬁﬂ%fo‘uy eAltéHlatlvely,

nonconducti ve. Preferably, the connector i1s formed of a nonconducti ve,
pl asti ctheabenéchdr 1dAdnaylt foaned ssansgspmayy bfidiscrsiegractk pmynimg the fmdton ot dhwen)

and power _conta t hat te with the correspo nal contacts 90
and powgf! ta(ggﬁ%{ﬁ%tgr @QS“IF gg @ theidgcoupling Fapgcifgpice Hg av%gt" Ariaghi By,
t he cong@lﬁ&; gont;,r&yn lfl&lrSH%d as a circuit board carryl ng the vol tage
regul at or e 38 an t e decoupling capacitance 42, as shown in FIG

2 above. A té‘henacbnneeﬂoyllz ey hewnmediaoicallft@ureayndiahdwon)that pesmit ie: cheaedtpd i ng
capaci tance 42, itsel an integral 15 capacitance structure. These

f
tw9 al t bk hirhealigngd @dd%rs%saplafég o japothef seturgiae dmeg without limitatiopdthe gyt ¢ he
connect 86ar§11¥4 TR HRE e BB H1 £5( AMb AR A RIS A H4S95, 85 iR alSvel LY AENG & he

function of the
frame, the conductor 116, and the like. The mechanical features may be formed as separate parts

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

25 extending beyond one or more surfaces of the connector 112, 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
fasteners to aligned and/or attach the connector 112.

The signal connection 26 and/or the power connection 24 are electrically and
30 mechanically coupled to the connector 112 in such a manner as to align the signal connection 26

and/or the power connection 24 with the preferred and/or alternative locations on the IC 22, as
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vol tage regul ator nodul e 38 and/ or the decoupling capacitance 42, w thout
havi ng what m ght be considered a conventional housing. The connector 112
may have weabasi7eal features (not shown) that permt the ®omnso2/e058920 112
to be aligned and/ or attached to anot her structure including, wthout

limtation, C|r oard 114, anot her connect or 140 (il trated in
FI GS. 1§esgﬂeec{f§3ovef é’o%‘?Pé‘Pn 26 audler e pgyeLconpipction 24 hay %ﬁ%&ﬂ%‘i 832116,
and t hecbidiror 10 ﬁacmmake i PLYLERrBRY oG, O ed as separate parts  t hat
are atta to tﬂe connect or |ntegraFIy formed with the connector
112. The neWimnithasighdabumeeton 26 hmtﬂthﬁ poivehaninedtion 2t4a?tré: formep s condudges,

post s, s, bunps, and | ke 25 extendin beyo one or nore surfaces
of the Eﬁ%ﬁmq&ne%@zll%ﬁé’ﬁﬁl%mé\énotrt@d@% #ill Qrigaydiesused qaly tp Reovidec e

fethe”d' %cﬁzﬂﬁ&} A6 1S fof BleScontEdt %@ﬁ% % i {1€asE, Ocﬂé‘&ﬁﬁl%to}%% ?Igﬁe Qﬁﬁgﬁg‘#ﬁl
eatures may form fasteners thensélves, such as snaps,

| i ke, onhoRigr ﬂ)@ﬂ[beIICaIZEand fohtirepadwtas 1t€aﬂiaemnsthé agahls gmdle@bd/eﬂfo tatt@ch
t he connector 112. he signal  connection 26 and/ or the power connection 24

are el eé?rlidthe PR}Baﬁares@ltﬁ%ewmedh@ mgchagigal debiiy fph@e@eﬁmr@ardﬂ Jthen thg such a
manner @énnte&? 9'119@ g*agge%m‘lﬁétso%?e%%&ds Ocagab&%q{lé’&{@hﬁqog@ﬂ connection 24

with the erre ernative I Oons on -42 WO

03/ 034799 PCTh&JaeahBlﬁtﬁ&Bl 14imag be hed tabaitethe Bighabidpinadtion@oramdior @m: pfweend/ or
t he power connection 24 may be forned as a conductor 116 or as_a PCB trace

118, " ascomSelomEtioAn(E oRhe 1€ U§1U@rﬂ&¢ cguesitiases DB aWhen the cewigpoard
h 14
connec gﬁls%fée(? i I&QF ?Egl}lﬁﬁoa?}d ggﬂ%s eg)%oﬂ?\%rQnte}fgge P%gﬂgﬁ}a%%l% Juged @ ;P %dé

may not beused at a

st abi | i tiy apbpridie cerairRogs twdehthe [0 20 Rhd theas@uit bbgd QOMNRAIFEhRbIY, JiBe Ay fie
considered as a holder for the 1C 22 and for the conductors 116 that carry

t he si gh3d is lagated brswpmibe bettom 8 of the 122 and theyoppthe cgrcyrt@garﬁtl l¢o Tbﬁ: ovi de
the ”m?f%&]oe %ﬁ I\?ﬁnfﬂ' hdvel &n Slggé)gﬂgg(%l%w%llfga Q8atk he eCt L1&ks may

appear susp eng ove e Clrcul boar e CI FeU’t —ydar d

114 may tHeeolf@tort1a2! sdvé thél&)rﬁlu&ﬂﬁll@memﬁﬁigl \ithaft 1@51%% K&, RRvREs, hAd
connection 24 to and/or fromthe |C 22 usi ng the conductive fraces 118.

When t hthedikecihiat mpddwnivally ¢appesate with comesppwling merchanigdal fe@tmsmlsﬁhg mtingnd/ or

terf 132 d t i d
Connect PBFBECIBECEbhed5 e i mie R her T e 0T U e
i nt er f agRgn dndidor!sSculre Gt AstiMekNeRfe. t he bottom 70 of the IC 22 and the top of

the circuit board 114. The circuit board 114 may have various types of
mechani cal f &he¢ interfaced 3aimayrbearel] dongercncembinatiplCwth the ddinté¢ter LidnWbemthe

1 d/ t dyct 116 l t at . hol
+ &0 ool 152 Foviert b Sormbiagtiornenib fecimeftor dd b Binkfon Lo isReBihty ng
nmechani ¢anefiash Ys&et 8 iiie BRhdIPYold and align the interface 132 against the IC 22. In this

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
25 formed with the IC 22 as a single unit. When the interface 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,

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

semiconductor substrate 60, as shown in FIG. 4B, as the side of the semiconductor package 62, as
30 shown in FIGs. 4C and 8D, or as the PCB 64 or 114, as shown in FIGS. 4D or 4E, for example.

The interface 132 may take a variety of shapes and sizes and be formed from a variety of

materials. Various shapes of the interface 132 as a whole or as individual portions may include
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structure or that use separate fasteners, such as pins, screws, pegs,
snaps, clips, and the like to align and/or secure the mating structure.
The i nt erwa®me/0i432 may be used al one or in conbination w tRCTRESIDaI8ECt OF
112. When the 20 interface 132 is used in conbination with the connector
112, the cqnnector 12| refer for dasa cket 0 afra to hel p
hol d antP'd 1%%%@“#?\?‘&? tg%ﬁk?a@f’dm‘% n'ieéa%? |’Ha>f by Hat or gy
|nterfa51efo;1§gd{§h4vgng,tagfguws el Nner portion of the connector 112, forned
as a socket or socket or frame form ng an outer portion of
t he connect oMatdrial atopeties pEthie rmtbﬁaceciBz md)einblndesdl'ais,eﬂuliaéa pastbe gelatoeghisese 132

W it nahs weispiataf e SRergies 19APTaY WAHGARY Kecliakbeingdnahabie Seich lehlcnant,
segar at g, e§s1 lEOmteIIf&%s l15‘2 l%%t ark rfl‘éx ﬁéf%ﬁﬁgeoﬁﬁlg p@ﬁ?ﬁt@ te?%g%gg : Sev? " t he

IC 22 or a ed to the Interface ormed as
a separmaﬁuﬁaanuhngndnatﬁmsﬁpﬁneaC@aékagernndXer ﬂhéicﬁé’thwahllchandleaseesrf ace 132 is
integrally formed with the IC 22 as a single unit, the interface 132 may be

formed Henwaeturiag.Jn-some appleationsdt may ke éeslraalse tQ Reifet the cliarestenstics akthene si de
f th h
Poe og BEEEHRAUEIhe HRFCARGfGan 8 A0 i A0 152 uEinfRm il pRIurO0r B8 | 15

may takika T inerfacoi3izhapbes fanetdss zemgwmﬂnﬁlerlmch éfiraredal wdiniget y  of
mat erials. Various shapes of the interface 132 as a whol e or as individual

pdPt i onBreRwfciuRBg Lﬁfémques pgudmeowithay lpmpeecﬁzlﬁgesebuﬂdm ARProachy & prray or
mul ti - Sb&’c%ﬁmf 5@8&%&@95 JabE a'n'eﬁﬁu %&P}Jaal G Rd1 %1%,2 n'E@YacQ%{ Lﬁg pgf My
a I C I e

be bent VE a ar shape. te roper of the

I nt er f agemtd 3f MRYsamd@hatéleal eﬁhﬂfﬁ&;nt frlateridss, Iﬁ)ﬂ&icﬁSe oigﬁffsreﬁf m@RAEEIS, a firkhe
material of the interface 132 may have any | evel of hardness including
ri gid, Matexiabfosms abf'opanser@aﬁﬁrsef@ﬁmaéenql frastheggnal apd/phpewermatly. | Ehe sspend

covant BSRASL YoRREPe Sl S SN BIFGl A0S ACHLFA S B A BLR,

sqye app preqd fitfisert nfoldedy o nétddd; sttcked, encdthe Uige. t he characteristics of the
material, such as the dielectric constant, of the interface 132 using

tenperature, Tb¢ iserface 187, thesignilicpatactyie anWPéﬁlﬁa’@é/ellgzlth pa thedlGd and a
single or teri n n

et uai forepdife eniSh e S RShklonR i FRPCR AT RS EERE 3 iR
vacuum geapeetot € PME e@fidte cREUIEXL muylee aﬁmyeaa@b]vaﬁaﬁ oma 4.1 k2 exdifle, the
interface 132 may be fornmed of the sane material or dlf erent materials.

In the wargms @ﬁadgdmecntsecpﬁthmnéa}qtem theirfi¢rfase 132rarayinclude; pithguttlimaitaiions i er and
£ 3P ng e & ferfaeR i agrragheinaedt Loy bR eliehd TR FEC PIfBHE e 1 a
't n s 1s 158 Ghterfdce P52 tB1iR8Fade! 182, dRERE fo iHRLEES 32008 hte IR, to Sohth&hAME 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
25 interface 132 may support any type of signaling transfer between the IC 22 and the remote circuit
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
power contacts 92 and are designed to optimize electrical engineering considerations including
inductance, capacitance, cross-talk, propagation delay, skew and impedance.
30 The interface 132 may alternatively be used as an interface between the IC 22 and the

conductor 116, the connector 112 and another IC in an analogous manner as described with

reference to interfacing to the circuit board 114. The interface 132 is compatible with the various
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The interface 132, the signal contacts 90 and/or the power contact 92 on
the 1C 22, and correspondi ng signal contact and/or power contacts on the
PCB 64 orw0Ob4/0347p® conductor 116, the connector 112 or tRETIESNDEESLI rcuit
52 may be arranged in a variety of ways. For exanple, the various

arrangenents_af the contacts.and the interf i ncl ude, w thou
it at A SR St Doen it Pl a3 ,W%Hﬂf@é%ﬁ???ﬁeﬁ%éa%@w en the
cont act jnek pl @NBEaAGEohRatibR xmmlﬁ%na&tiw&@%fo?ggga@%rfaw&&rihéﬁscelfa% to

interface 132, contact to interface 132°to I nterface 132 to contact, and
cont act ptederabiy dofhacendi8andustivomatecial ¢canrying mnktipbalisd3@e tonduotivasdgmeatsdhithe

| i ke. Hence, the interfac 132 nma f.ornmed on outer surface of the
| C 22, PRESE9N Wa_‘[‘ri] 2] Wé&ctbﬁgl‘ietl‘?i{(’flﬁ%?‘g? éonté%tﬁﬁ@?ﬁ%ﬁreﬂﬁlp&lblﬁﬁﬁm@ﬁot e
Ci kcui t . : WeRET . i I 25
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and t hetypermdkgnal intetfate, tielintenfateltl 2ygrefevdblin fowins bidildécatic material i endeatle

serial, single-ended parallel, differential serial. and differential

par al | eficlscHiragonsignt andra sytable prrdeterpied thigknpss Inthis gase; e signglrontacts 08¢ s
90 ?‘”d/ feférgtﬁ nifl l’fn{:e%tt@ﬁxto%icfé%é@@féle%fﬁl %ﬁh&:’ﬁ@g pla?es%gdé@ i%?ca%laaﬁyé Efgﬁ%ﬂ
engi neeti ng considerations including 1 nductance, capacitance, cross-talk,
pr opagatransierd éfhe\othes kigles of ket donphediave piatesIBotlshewhtveulidde prdid@edaythe circuit
alternatively be used as an interface between the IC 22 and the conductor
118, thboﬁérﬁéctor 112 and another IC in an anal ogous manner as descri bed

wth refere to. | ' . | bt ] . ' rdgace 132
s Compat | bl & e [ReRbe 154 bohipalE il B BB Gpd i BuHlel 48T,

si gnal imérgackaae prdferablgdoinis 4 Adtlcon@tias naitepiahhdvingd §attabléArédetermihedFor
exanpl e, when the interface 132 is conpatible wth the conductive type of
si gnal theknessada this gesej the dnterfece 183 providesranopimpl separpiion befiesn arkeqndyetive
mat eri al i R IhS ' t. shand to
and ol 1 SISt P s b e c LR POAH AL KB RRPEEH TuhyiBp o BLESIRRHF
witsh t hBodrd C Wisbaahé iferfacp e 3D1s congatibleiwitietht aptical Whenf kidgall infeféar 132 is
conpatible with the capacitive type of signal interface, the interface 132
pr ef er abitsriacerladg peeferablyderms an optical trapsmisaipnehjannel shelnas alengjadanted toj qarry

constant_and .a suitabl.e predeterm t hi ck s...ln this case,. the.signal
cont act o80T s2ad' it BREFabO CREATAR a5 ARE Rt e indolrigh igithe
conduct bycal tratRfsaseaasnéiothe GRBaEEd 1328n£ Rk td A1BAShelor fIdA§ ttdpicalsi de of
t he conductive plates (not shown) would be provided on the circuit 10 board

114. \Wheignalhbetweer Hfed€22187 the cisemitdward] k. \iWhén thi énterfahedBRvscampasibls with gnal
i fage, the. i f 32 pref | y. duct i terial
0 n. el e b et R St ioleHar 1 2 PRSI Kis a ralibaBe 132
provi definahi&pick BREhHRBIAD Prd il 2L \PRGRr RsedamiRdHAEL ¥&wel BIRBOL2(#ARthe hown)

in the IC 22 and anot her conductive el enment (not shown) in or on the
ci r cui t 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,

25 The interface 132, in cooperation with the package design system 16, advantageously
permits the operating frequency of the microprocessor to increase without degrading the integrity
of the signal. For example, the interface 132, forming a dielectric material, and the package
design system 16, forming conductive plates as the signal contacts 90, together provide a
capacitive type of signal interface. In this case the resistance due to inductance, associated with

30 the conductive interconnection between the semiconductor die located inside the microprocessor
and the motherboard, is minimized using a capacitive type of signal interface. High frequency

signal operation may be transferred without increasing the impedance of the signal path that
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15 board. When the interface 132 is conpatible with the optical type of
signal interface, the interface 132 preferably forns an optical

t ransm sswonsohasnel , such as a | ens, adapted to carry opCirasb2/sisghal s in
the formof nodulated |ight waves. Alternatively or in conbination with the

optical transm ssion channel, the interface 132 may be used to align and/or
f ocus tﬁ‘ﬁnﬁrﬁmlﬁéltf‘e @f“@ﬁ@f Qﬁb%?% n HERES: s sonstpefiqrimaymizesithe FEF(SE)PH CfAn
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22 and the ¢i cuit,f)oard 14. Wen_ the interface 132 is conpatible with
the wirel esst @-pl@/’blrl ustryjfine coppeetor dbe formed as@ican Frawacreapthg pUmeriop Y2 ARk ns
a rkadi o i f 45y [We! om
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30 the conductive interconnection between the sem conductor die |ocated

i 18i de {Hk microprocessor and the motherboard, is minimzed using a
capacitive t Si | : . H j I ion may
ot anst o Sl BT PRt ATHEMLR Fiow il I¢ SRR B AL LPRELA L ™ 0
WO 03/ 08hh3oPCTT2 [domed 395 8&keriarapedrdarie wvithitRe prefegsdi dmbodiménteo fthg prksent
Hence, this_construction maximzes the gerfor mance and mnimze the cost

of i nt efventide th16n 12B dhwitatsg jha coppeater IHenfoamed ps gsnckple wherginghe spnnectondi 2

desi gns, _ Fl il . r r. ein
he. conlSds Pabiestihl bR PG PRER! 2L othenc o2 IR R prhafHftys 10EIEHT)
ofjst he bélowdhe bEtsond Bf thedEr22padd hdshatuppér paftGRitesliocab@iast Wih bPp liftfe Bbvé e | C
22, and has a lower part that is located flush with or alittle belowthe

bot t om o &§fofithel( 22.2Preferptdy cthe ponnecton 1% dermecdiaga seaket, shgpwids alifowr sidsser

rroun | fo i.de 1 74, one,side faci.ng out ne
o e T ol e S (BHRE Bt Sedf pal: g S e A ikhaBlor e I 22 PP 0°
cover, {h dBRRGkdrCI12] forfed ad Sockét, RdndiEntéDshe PCH 1 BCindiaiies tiRFICR AR 114,
FIG 12B illustrates an elevation view of the IC 22, as shown in FIG 11,

| ocat edsignaland/oo power interfaee 13% r hegcoaneatorsld 2k rmedh age sasketasdeneficiadl whea the
preferred, enbadi nents of .th j hvention. .Fl Billustrates the
P ot Sroretis direRNnRuSle b Bl T4 and BF SO0 E iR IS P20 1

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
25 flush with or a little 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. The connector 112, formed as a frame, is beneficial
when the IC 22 is directly mounted on the PCB 114.
FIG. 13 illustrates an elevation view of the IC 22, as shown in FIG. 11, coupled to the
remote circuit 52 located in a connector 112 or on PCB 114 in accordance with the preferred
30 embodiments of the present invention. The remote circuit 52 includes a remote circuit signal
connection 134 and a remote circuit power connection 136, and has a top 144, a bottom 146, and

sides 148 and 150. A connector 140 is disposed on one or more sides of the remote circuit 52.
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has side parts that extend beyond each side 72 and 74 of the IC 22, has a
| ower part that is |located 15 bel ow the bottomof the IC 22, and has an
upper parwotobas47ps | ocated flush with or a little above tReT/USOP36BG8 of t he
| C 22. Preferably, the connect or 112, forned as a socket, surrounds all
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parts t hedlogout entheli€yAntheeantectirdd2,4Be anetfatd 182, théBCBA 12 2the netsgrateld @weit par t
that is Iocated 25 flush with or a.little bel ow the bottomof the 1C 22,

and hasSignalgpRectign 48 apg, the inteetatid-airepit ppyetFonRption 46, espectiyely, askissasibede t op
68 of t veC 22. The connector 112, fornmed as a franme, is beneficial when
the IC is directly nmounted on the PCB 114. FIG 13 illustrates an

el evati on vi ivadidfitidr) éhel sigriaP cormectsdncide) fdrmeEIaEicoxikﬂthocd)lﬂ)blea:k 4 PCB ltvace t E8jot e
circuit 52 located in a connector 112 or on PCB 114 in accordance with th

priéf er r B@Y t3psighHaRAlhRFvEeANY A OB mese At the (RS, thsrbottore’G: é%th@ sidef® Jﬂtanéz

| ud |
et udess B [STES Sy ohe f 870/ SRIREIHs e hiord 146 A PG 84011 180"
connect of tht 4émote cicGips3. eEreﬁeiatﬂyl,ethe sighalicensdcdes 261s fohred ;esrmP@B Ciat€ U1 8 arhl?.

-46 WO 03/034799 PCT/ US02/ 30589 The renpte circuit 52 nmay be carried by the
connect Bansfers signalihgtwssn thaotiem Hhofahplpand the battomddp ﬂt,eu Tem@gtetcifcyit 5e

signal and/o or
sover,  respedtt BaFr CBhRRZ, ARRERPYiSIRTLAR| I e bl RR R § PR

r 4got e PCBaick 198, mh}hﬁe caprudas tigy anl4fe ot hord off the fopci4 188 boitb@ 1R6Fanlilthe t he
renote circuit signal connection 134 and the 5 renote circuit power
connect Figa(s1 B8 mle‘iof@éhmewte drrgitadt Sreferaplys themgwet @mgctmﬁpémﬁd@ﬁ a

anal ogous the co erfac 132

the ot Lok 186 pit eI PEWEPBUBR akeT b o B0 e PRRditt ag " Bl
pover CaRiRMer 0ohrbiod PAB&ESRE EMPlad todse @ARE diRad 5261§)§h/ﬂidetl Heabdld ithdt @mott he
signal connection 26, forned as conductor 116 or as a PCB trace 118, 10 may

t ransf eshmwlﬁsbé@mea Horthg sakeef @lanm@h@efe tWhéigtlllﬁS ggpicaly agempterairzoit and
baPt om 7Els sfy T Ridee PO 2R o180 SR PRE Pl Seblectitpieaiitis * 4 1
Pr ef er aghgtivelddgs RotdB@lireGROMRE GbhRe whisddliReryRystam 12. PCB trace 118 and
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,
audio-visual interface devices, user interface devices, and may be active devices and/or passive
25 devices.
A break 142 in the PCB 114 illustrates that the PCB 114 for the IC 22 may be the same or
different PCB for the remote circuit 52. When the IC 22 and the remote circuit 52 are mounted
on the same PCB 114, then the signal connection 26 and/or the power connection 24 may be
made via the conductor 116 or the PCB trace 118. When the IC 22 and the remote circuit 52 are
30 mounted different PCBs, then the signal connection 26 and/or the power connection 24 may be
made via the conductor 116 or via PCB traces 118 on each PCB with a conductor (not shown)

forming a jumper between the PCB traces 118 on the different PCBs.
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transfers signals between the bottom 70 of the I1C and the bottom 146 of the
renote circuit 52. The power connection 24, formed as a conductor 116,
formed aswomndswpdr 116 or as a 15 PCB trace 118, may bePcousbhrshssd t he
any one or nore of the top 144, the bottom 146 and the side(s) 148 and

150 of the r te circ t% 52. Preferably, ower connection 24 is forned
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devi cesbahidholC phand the remefegueyit 82 Altermativaly, tamintesfage, tx?aaergl thq_mtrrrchaslﬁsat es
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t he sanWiRgBhegadts drdimeclidnécatly gnadhed rel biten adf side @f tie ihfeEfa@OVIImephaect | on
24 may be mmde via the conductor 116 or the PCB trace 118. \Wen the IC 22
an@ t heattashed to anyrsedn of theinfgrécgd3rount ed different PCBs, then t he signal
connection 2 4 | h nductor
116 or via ng%?ﬁjégﬁelsd ??éﬁlg\r{t\f%{eegc n@@t %qﬁgaengg%c Pc%[lt t{)e%ﬁﬁ ﬁ;)eP or i ng
a | unpegidedlywak artddgerédd, FIGRA8Ss ﬂotantarueﬁhebénﬁﬁteawtucR@Berrang%e\t@ 03/ 034799
PCT/ US02/ 30589 The connector 112 may be integral IK formed with the

connect Bracmmlyaﬂledcs%ﬁglriéhemtlmult Xonayoeavi anyphystsap arrapggmeniarelagive te

circuit 5 rnatrv ector 112. conn t 140 be
For med. o EPEBLARe e IC'E2 RMAE R e Bt (L BrEs T DA il b,
usgd  ssRavRinGhidther\Weei ih FEGPRS.t Burtef altBGRATICAN 3 mt@trttegbﬁ? tw8 cRagty (REhek,
any side of the connector 112 5 may be attached to any side of the

connect ¥¢ 22 40d thehempistadicnia §8), F2G@. lrﬁalynbemtmdebtoatel lymt towalyiworritchis.

|nterfaf, 1;_LBHiJasas n Ién face for ? g ﬁ}andt e renote

ci'r cui ¢ PEstoaly; Eniuln ] IO Bt R i S fieE e R 5385 1y e
fornmed gantedeha@h@emdics Sufdidnt BRINopBRA DAL G8dckivedhbAe befvdeR IRAC DidMathe OF
used separately When the parts are nechanically attached to each ot her,

any si deenadte tineuif ¥.er f ace 132 may be 10 attached to any side of the
L{}&)gLT ? nglﬁg&q’ Aﬂ401ﬂ %{%Ilhesgnﬁ ev% ﬂrltlyitjeyvsotfrtl?e ﬁZ and tilg rezrgotg1 glri!Cl}lP 5‘32 as s own in

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

i D-

embodiments of the present invention. FIG. 14 shows connector 140, carrying the remote circuit
52, being located above or on top of the connector 112, carrying the IC 22. The signal connection
26 may be routed to another remote circuit 152 via the conductor 116 or via PCB traces (not

25 shown). FIG. 14 shows various signal connections 26 and/or power connections 24 that may be
possible when the IC 22 and the remote circuit 52 are coupled together in the stacked
arrangement. The stacked arrangement is advantageous for partner, cluster or master/slave types
of ICs that are substantially dedicated to work with each other, but are packaged separately to
optimize the cost and/or performance of the individual semiconductor packages. Such partner

30 ICs include, without limitation, microprocessors and memory devices.

FIGS. 15, 16, 17, 18, and 19 each illustrate an elevation view of the IC 22 and the remote

circuit 52, as shown in FIGS. 13 or 14, each having a voltage regulator module 38 and decoupling
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si de- by-side arrangenent, FIG 13 is not intended to be limted to such an
arrangenent. Practically, the 1C 22 and the renote circuit 52 may have any
physi cal woriangepent rel ative to each other. For exanpl epCrhisot/s82 and
the renote circuit 52 may have a stacked arrangenent, as 15 shovvn in
further detail Further, although FIG, 13 illustrates onl
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Ci rcwtsal@Z)fctaentylglﬂhesraigmesabove or on top of the connector 112, carrying
connecgtion . 26 may be routed to_ another npt e
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tci recuit 152 3?15 °@8ﬂ%ﬁ§‘8f‘ p and ghegrower aorweﬁlqw%%fgs cphd u%t%%ng FIG 14
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possi bl e en the 1C 22 and the renote circuit 52 are cou t oget
t he st afigests. Bractcadlynthetsigniheonataohed andfoa tiggrosver cmmeemhmm agebel sodptbed to

rtner, cluster. t ve t that are bstanti al |
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partner 30 | out tation, mcroptoces nmenory

devi ces andriésBuplifg ca.bﬁmtahie 1581;ha‘6&11d ndllesticdted in[RIGEr hiugl 216b®ledviotht d¢asym ew of
the I1C 22 and the renpte circu s shown in FIGS. 13 or 14, each

havi ng &tated|ip theedeseintiontor F%déi FeThsa mt&%acwﬁbq Yol ge repglajgn miude korband/or
PCT/ US02/.3 i
it h e haeaerbinE ARk Bt duaRRRGTy BintRl | lide LARRLOAPSANE BGAPHET 002

fiigur es deddaplnhgtc@agmice 4R bpentdduasing @, vatibg olfataﬁmre pagine editOthe sfihalstdné/or
renote circult Si{gnal connection 134, the renpte circuit power connecti on

136, t heowerdpdheKe a2 andhihe remets ciremb 53 opolidites searessat the gestersyd naﬁeandcthzz and
th d i
e CorhBsfbEisheS8s B0t B, TR AREEAMIERR ehot eblfeSietefangy | 1

these f spHék@srelaldiao sheddpatificaivne of tHeerdbteaditduit B2, tROVEIEag PEHRA rﬁﬂdlaé 184,€
each illustrated as being coupled to one side of the 1C 22 and the renote

ci r cui t tisdepeuplingsapasitancst158) &lﬁll€322; the vabage reguletor mpdule 88, argithe deconpling t he
AL SEPRRG-530 1 o BR Rls SH5uRh ERRRFEL R« R 25 PN, L, 12,
above. regulator module 38, and the decoupling capacitance 42. The specifications of the IC 22 and the
remote circuit 52 typically determine whether one or two voltage regulator modules or whether
one or two decoupling capacitances are required. The physical proximity of the IC 22 and the
remote circuit 52 to the voltage regulator modules and the decoupling capacitances is also a
25 factor to minimize the impedance and resulting voltage drop, as described above. Hence, the
specifications for the remote circuit 52 and the IC 22 may permit the remote circuit 52 to share
the voltage regulator module 38 and/or the decoupling capacitance 42 along with the IC 22.
Otherwise, the remote circuit 52 must use its own voltage regulator module 154 and/or the
decoupling capacitance 158.
30 The voltage regulator module 38, the decoupling capacitance 42, the voltage regulator
module 154 and the decoupling capacitance 158 are shown in a particular part of the connector

112 or 140 for illustration purposes only and for the sake of clarity of the drawings. As described
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These five figures introduce new system bl ocks including a voltage

regul at or nodul e 154 and decoupling capaci tance 158 that are not

il lustratwo m34HGS. 1 and 2 above for the reason stat edPCa/USaE30589
description for FIG 13. The introduction of the voltage regul ator nodul e
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the coferduictor 11q,ovighout uging e degpupling warastance42ni t at i on, the cover, the
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154 and the decoupling  capacitance 42 and 158 | ocated in the connector 112
and 140pathdepravterdelivery isfrem dls pRyres sunply B4 tq the vehegeaegdator meduliertdftas high t he
resent _invent | i i to
DT de vBIE fobPArel PP YL u Qe B ROIE i Be ERHBLEE 1 | for hBCRndce
descri beds, takinteahiédouplafetapacitnt®1 58 4510w volthee, Righfcarretchopat biafthe pbwveh

vol tage, |ow current power delivery is o _
connection 156 using the conductor 116, then to the remote circuit 52 as low voltage, high

current power via the power connection 166 using the conductor 116. Also in an analogous

manner as describe with reference to FIG. 2, the voltage regulator module 154 alternatively may
25 be directly coupled to the remote circuit 52 as low voltage, high current power via a voltage

regulator module to remote circuit power connection 160 using 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 conductor 116 or,
30 alternatively, directly to the remote circuit 52 via the power connections 162 and 160 using the

conductor 116, without using the voltage regulator module 154. Alternatively, the decoupling

capacitance 42 may deliver low voltage, high current power directly to the remote circuit 52 via
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10 fromthe power supply 34 to the voltage regulator nodule 38 via the
power connection 36 using the conductor 116 or the PCB trace 118, then to
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t he connector .1 Y, car nl he. vol t age, requl at or nodul e 38 ly the
decoup! TG eResaTomm e BisTersd ot fo gt ol ick” ittt B it & samdfe « ne

decoupl poger s‘ﬁpﬁ?m% R Rtade regtlalir niddule 38 VI8 tePUVRE COinedioh BBWMsif@iHeY

nei t her the vol fage regul ator nodul e 154 or the decoupling capacitance 158,

onl y oneonsfuctohd1®dheraigahe degahpling capadianes 42525 lawdrolthge, hipbowinont pegver via the
aci tance 158

ad8aup! Pge: <oRpryPh 4demedtEeoruc BEFI4 B MR T Gubftadk Pish Behas on
var | ous pR&! A& Bie! gdWver connection 44 using the conductor 116. 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 using the conductor 116, without using
the decoupling capacitance 42.

25 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 voltage regulator module 154 as high
voltage, low current power via the power connection 36 using the conductor 117, then to the
decoupling capacitance 158 as low voltage, high current power via the power connection 156

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

reference to FIG. 2, the voltage regulator module 154 alternatively may be directly coupled to the
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considerations including, without limtation, the types of circuits
enployed in the 1C 22 and the 10 renote circuit 52, the type of signal

i nt er f acew0am3499 shown in table 84 of FIGS. 7A and 7B, t reT/u$exrsased
characteristics of the thermal managenent system 18, etc., as descri bed

herein. FI 16.] usltrat S arﬁ. | evation view of the |ﬁé022 a the renote
ci rcuj t 'Y GEew PH Volf—t'fl%%. lg?@u&emlﬁﬂweéé(@r? YRlpen fpetRior ?‘f“g"g@ IPRGIR at or
modul e SR bwi foRitetibl CoERHBHRL icBEIucERRAS] W RRR udifs ARt oR inp Cab Rt @

conductor 116 and 117, respectively, 1n accordance with the 15 preferred
enbodi mk¥R.-s of the present invention. The power delivery system12 is

coupled to th | C 22 to provide power .to_the I C.22, as described with
ref erence t oAEtF’@xat"ée.%y’Age ﬁ@&gﬁr i padule é% g ﬁ@gv‘iré‘)‘l‘—‘l"@ﬂagﬁ L’tgﬁé’uHF’étf erred
pagh f O%O\W:rgg P4 dcBRling c‘aﬁé&t’dﬁéeell@tS @Qiﬁ‘@vper%hhééﬁﬁﬂ 162 ugiﬁgmeté&ﬁducg&vﬁ%. supply

34 to the voltage regulrator nodule 38 via the power connection 36 using the
conduct and/dr1d,7 drhadtermativelyedidetiy ip thergmompaciit AAve He pased annecioha §62 atd gh
current power yia the 20 po nection 40 usipng the conductor 116, then
to the 1¢Yusingthecg ‘%qurtlégén\,,\%f gﬁ?e’u éh‘fsmﬁo@‘v“\éPR%eée@H%tob fledgfinect i on
44 using thepl HE410th - : ' ; o

t he vol tage rgtgﬂﬂqat o?’ tn%égclogﬁ%%oﬁém glég{'% @?ggﬁ{/%lkg/\gg?lﬁggt 1A"§f‘ g‘éﬁg tggwt%{)

t he | C @iZectly tb dw remote cmait SRividpovericonteciond64 wsing theeopdwedsr 1¢6ranéot 1 0Ty 54
using the conductor 116, w thout using the decoupling capacitance 42. 25

| 10an aW&P%‘&dﬁglgﬁBﬁﬁ@Fagﬁé%’&@rmwlwg‘hmr@f" gecomplng eppagitance 158.-ne power

del i very sys 1 2 t Lo L ] wer to
the romt o ol e, FEih 1SN LB TE ni TRl oy Ebbnang A RbARAT BEITY
power soilpltye Etotiling@apaciitahes?, begothakovoltage tdgalatdrdneduld3) nd thedeagy®ling ow

current power via the_power connection 36 usi ng[ the conductor 117, then to

the detanapitaneg 4&aphpilarkys the conducier T1dunaytarmygisither;theveltage segulateraedule 454 he
) _ e ; . i

26"S% COPESHARUAL Rl 1o R SRR M e PRI B £

t he condetotiplingldapacifing®158) ofBothiid AglRgs répaiie®medulé eScaridaie Wedohpliief er ence
to FIG 2, the voltage regulator nodul e 154 alternatively may be directly
coupl edcapacitanse 158. pElioda dpsirgominpationsispends oaystieusciNgigeing 2 as | ow

Vol age. ol N BHE LENLROVEON o R HRI5 SOULAAToIRAND 8 b 1EOO0S v

circuit WEeT" connec using the condu using t

decoupl idnght€ aipasi SR Reypd 6Ssigrl irtérfit uyel 36,shbWe i1 bleaiiico NFIGH] 24 aid TRAHE e 38
may deliver |ow voltage, high current 5 power to the decoupling
capaci t dgnited ehgactpristiss pethe drmabmppagement systengl & gts.. @ dereeibet hergig.  and/ or

L5801 R b 102 B PR ShE Y o SRR 4
the vol tafdatRgYhetslfagiesblorkddule 38 and 154 and the decoupling capacitance 42 and 158,
respectively, located on the PCB 114 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
25 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 PCB trace 118, then to the decoupling
capacitance 42 as low voltage, high current power via the power connection 40 using the PCB
trace 118, then to the IC 22 as low voltage, high current power via the power connection 44 using
the PCB trace 118 and the conductor 116. Also as described with reference to FIG. 2, the voltage
30 regulator module 38 may be alternatively directly coupled to the IC 22 as low voltage, high
current power via the power connection 54 using the PCB trace 118 and the conductor 116,

without using the decoupling capacitance 42.
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Al ternatively, the decoupling capacitance 42 may deliver |ow voltage, high
current power directly to the renote circuit 52 via power connection 164
usi ng t hewoan@sedor 116 and/or 117, 10 without using the pealusagsossegul at or
nodul e 154 or the decoupling capacitance 158. Hence, in FIG 16, the

decoupl 1 ng olpAciaigHous memndsas BErriot Ha el toRge 1 /5P ol POMBEA L SBEVERE ¢ he
decoup' 196 confRA%h Hﬁ%ﬁo%%erc@i ggk@gﬂosoldﬁyaggfé%&gy%n%e Lty ﬁ?erﬂfé%ﬂ‘éht her

t he vol tage regul at or I ng capacl tance on
one of pdath forgidvayeelivgy isofran thshwee sdfiply s b theeoltigedegdatpt moduledpaas h@hce
158, or both the voltage regt%l ator nodul e 154 and th§ decouE)I i ng

capaci t ¥MEage1158 curieat PRIV INg POYBLSANBECtob UsHgi (" GBJEASad L b riheteithas

f
oS, L PSR A0S YIRS P
si gnal umhgtﬁe&lﬁB traedl Hstl&hmhelramb&tdueuiiﬁéz a$ 1okt mtagé,mlgmdﬂdﬁt pcb\her viglési r ed

characteristics of the thernmal managenent system , .as descri bed
herei n. p%ermoglecimn|1§6aﬁnémev%§1?8&%%18[%‘th@c%@uatﬁaimeﬂse%%a@ QRO t 52

as sh °"‘4i‘1a}nge '3% Wscriba with r?:férenc@ ?oCPI[d‘ 3y {h’ég@itgge dr‘égxggf?ag ﬁloﬁﬁﬂﬁ'sﬁta%?g@% ‘r’na

and 154 ecoup capacitante respecti v

on the BEBirdctl donpled wm«éaﬂﬁetewirbmt 5hes prefdfape, dn@"rm@ﬂdnﬂmé‘r véd a bdsleagepr es ent
invention. The power delivery system12 js coupled to the | C 22 to provide

pdfler t Eeeulator m@uiezto I8OteCAICHt PRWenFanhestiond 08 siag e BB trage 1 sandetber i bed
W th refer&ang wF h%utaﬂn#&%d@é(ﬁfg?ﬁg \A%;a%%{%%%sfor high vol tage, |ow

current povver |ver rom suppl Yy 34 to the voltage

regul at or rmszttltleﬁlaai%elyl the bbl@agawganatﬁme&qé B8 ﬁl@ﬁleﬁﬁérﬂgwtvbﬁa%écﬁlghrc@ﬁ@ntl 18,
then to the decoupling capacitance 42 as |ow vol tigge rrent power

vi a t hePQueite twﬁﬁeumhrxgrvamm@sw@&\h@p@@s cozm%c@en usm&&w ustngithe PCB tpeas

L ace. 118G At P Gt RGP A RE ok it e 1 O, <

2,15t he Mﬂh%ﬁﬁ@@trﬁ@@m%ﬁﬂﬁh@’é&ﬂh@toﬁ&mm@@t Wirgethd abltaRIr¥gditbemblivle asypl ed
tothe IC 22 as |ow voltage, high current power via the power connection

54 usi ngltematirdp the deeoupline eapacitanee 63 mayslebyer 19% voltage; hightcunentipgwengirectly

decoupl | n apaci t an 52 WO 03/ 034799 P 2/ 3 n_an | ogous
emmor e F8RARLIARE 52 Vi niBEpolRertiorr it Bihe (i BRI RsE 118 Rnd Be SoudieRin s
i s couphegl wlqlohh@s,lﬁgfmtv@u@ger&gmhto%Salouelelqrsaw@h% dReMlinkgRapdtRakRMBRE Circuit
52. The preferre path for power delivery is fromthe power supply 34 to

t he vol t age Heuyes, &t BIG. riﬁdﬂlbé’cﬁsm‘lama}’wgw only theanpdtage wguletor nedulepiBaeninthe
caBaci t SFReEPLBEoRa RS S0 B Ry olRes sreter BNk J5ra PR e EuREPEconnect f on
%?gh 33 %1%%{?51%8%83%2&@ HeSonth@6y 119 thilecdr€ RitRerths %mcatgeé@gu@a%oﬂ A¥aMehsage,
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
25 considerations including, without limitation, the types of circuits efnployed 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 system 18, etc., as described herein.
FIG. 18 is an elevational view of the IC 22 and the remote circuit 52, as shown in FIGS.
13 or 14, each having a voltage regulator module 38 and 154 located on a conductor 116 and 117,
30 respectively, and decoupling capacitance 42 and 158 located in a connector 112 and 140,

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
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power connection 166 using the PCB trace 118 and the conductor 116. Al so in
an anal ogous nmanner as describe with reference to FIG 2, the voltage
regul at orwomds€9d54 alternatively nay be directly coupl @dTiuso2/sms8s enot e
circuit 52 as |ow voltage, high current power via a voltage 10 regqgul ator

nDduIe tqQ renot ircyit, po conn ctlon 0 18 and
the  cofftIERBroF1g: e HERACEONAD TR RdIbE Prije EESuErLRaTb BT DS voliage,

Al ter naldeahyem gb@eﬁ/&élﬁ/@@% E%HH'h@ B¥ve ggiﬁﬁ@ tﬁ@volagé tepRlatdr AR 3808

hi gh current wer to the decoup Ing C Itance via power connection
162 usi tig golner usnnegtlcbrh% V0 themonduclord 165 themid the dedoupbhg/capdéitancs #3 as Imwt he
renmote circuit. 52 via the ?a r connectiqgns 162 and 160 15 using the

trace 1Y81agRdNERSUEHH FARELY'2 {ASPOWGT CARRACHOR Fhysing thergndugier 11égtaplafq)ﬁheﬁ€du| e
15 gnﬂ% i ol t age,
hi gh cﬁrb% gén%w{){gé(/\leﬁxc}l 1%120 ng‘ggllt‘ﬂgﬂ% rm%tpegh%ﬁ%?&ﬁ%@\ﬁdﬁ d Cac{)r\%élrc og\g,nﬁectl on
164 usi AdsotBeleRTHet maﬂﬂe&icﬁlcanﬂFIG]é ﬁmn@ﬂtagdlregulﬁfbﬁmddulemwawlsd ilg:nﬁdﬂﬁely

vol t age regqul at o 54 or the decoupling capacitance 158. Hence,
FI G 17d1r?°2 esiimgﬁﬁé? 232 H?Wdﬁ{]%get high\cgreni pewicr yiaiths pv srsamnestion 54 onI y
t he regul at or nodul e 38
and t he %gﬁp o?ﬁ%t&?%%é@?t?ﬁ%?gﬂ%%@éec@ﬁ#lﬂﬁ J}1‘13’:116{%]&%4(93}‘2;31duct or 117 may carry
nei ther the Woid agdogoagitaaharas ﬂesitubewlt’,ﬁélrefemncé toeFIde e pthp pover dslivas) dyateae
158, onlx one of the voltage regulator nodul e 154 and the _decoupling
cafaci t Apisecorplsd to Fheasmﬁtet%uw fapevidspomsr iy thepamate crgut 3 L herqeferred
decoupl i I on
var 1 ousPARGPRRAN UERRES 1 hbin glCl o RB shinib R in RS 0R R EETROPALLAR 13TRERER,
types okoltdgeClowt Qirenpp@y@did thepb@et éondectivndotdthg theoaidactot 1 Clardd Bid, tHeh o
type of skgnal interface used as shown in table 84 of FIGS. 7A and 7B, the
desi r edtheripennliagicapacitancsr] 81 lavn ¥oliage, hvah syarms ﬁ@wgwa&ﬁppsver gerncction; 156
describ 1 t
‘u’ﬁngw el gguf (ngI17 gleh Yo ﬁl@ﬁ%@‘é%&ﬂi@?gﬁ %f O(Ha ccflr%at W?r \ha the

renote Cir shown 1 n eac

rqgul at powerduhectid8 180adsihg4hd @ndh@sr DI7. %l@@ﬁﬁ@ﬁdr@[og&ﬁ@mﬁdﬁﬁr &s’L&escnséiwnh
respectively, and decoupling capacitance 42 and 158 |located in a connector

112 and ref.emncertefé@czﬂ tb@mltage rﬁe%%@frré%ﬂ&@ 154 @lrﬁrnafté'eb'rlémeber @aecélmgwlﬂ‘iam the of

t he present inve deI ver i dto t e IC
22 16 prettsE i Algn e S clbnl Stk B fRef Feanle G B Toes St

PCT/ USO i3t erlcBirticEBE 860 Bsi ﬁie c3ndu‘é$orcl€l$ Cwithad udng fhd RegitingRapatithhde 2,
the preferred path for high voltage, |ow current power delivery is from

the powéb8.supply 34 to the voltage regulator nodul e 38 via the power
PTG TG UG IR AL T e O R AT Ve e
t he congygéab tﬁé—@ecoﬁ}ﬂﬂ{g daPadifaficd 585idBoRer doﬁﬂéc‘ﬁ@h t1ag Qsinf ki boRMidtSNE 1 GRRNET
via the power connection 44 using the conductor .
alternatively, directly to the remote circuit 52 via the power connectlons 162 and 160 using the
conductor 116, without using the voltage regulator module 154. Alternatively, the decoupling
capacitance 42 may deliver low voltage, high current power directly to the remote circuit 52 via
25 power connection 164 using the conductor 116, without using the voltage regulator module 154
or the decoupling capacitance 158.
Hence, in FIG. 18, the conductor 116 carries the voltage regulator module 38 and the
connector 112 carries the decoupling capacitance 42. Similarly, the conductor 117 carries the
voltage regulator module 154 and the connector 140 carries the decoupling capacitance 158.
30 FIG. 19 is an elevation of the IC 22 and the remote circuit 52, as shown in FIGS. 13 or 14,
each having the voltage regulator module 38 and 154 located on the PCB 114 and the decoupling

capacitance 42 and 158 located in the connector 112 and 140, respectively, in accordance with
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Al so as described wth reference to FIG 2, the voltage regul ator nodul e 38
may be alternatively directly coupled to the IC 22 as | ow voltage, high
current pwaeB/0¥799 t he power connection 54 using the cond®crarsodinge wi t hout
usi ng the decoupling capacitance 42. In an anal ogous manner as descri be

with referen o FI 2, the power. deljvery system.. 10 12 is coupled to
the T o R OTaERE pRbSSmets af dih ITESSHbEntad. (The P RAE IRl vEDs Walel Koo Cmeled o
preferrad (Pai é}r@&ld@ﬁwr td e 1CETY ahaesfcﬁﬁéﬁ Wigr rRAMRL wpgl Y R4 dgﬁnﬁg@wﬁh

vol t age regul at nmodul e 154 as hi'g t age, current power Vvia

power coaferentd toFIG62, ¢ pypfirted patnidubighrvoltige, dovd curtdht poweardeiverytiiérom the

decouplin erc%lgam tance 1 8 as | ow vol hi gh current power via the power
I

connect P ply 4 tadhe YRltags Freylaigme géaq Fia g Rpwes go PR 36 preferpkly ysing s
v vol Eh%%% Bja%ﬁl %d%n&ﬂﬁ?g ey u¥ih8 thd ¥ondect l thehl :?(ng%\,t(\in'eg)ﬂlpilﬁg ]ggpsa'gﬂgl ckhe

COI’ldUCt or SO In an an manner as déscr nce to

FI G 2, 42 helowoldlage, mglgumwmpowmd\uh dlel;ﬁweabmreaadn MBﬂ)I‘}tfeiﬁb]y béngliheeohdyctor
coupl ed to the renote circuit 52 as | ow vol ta&’é;22 %h current power via a
30}

vol t age 1 Heaud dltespatiyglyising the PERdrase 143.rthen to the Meraliage, MgocuiEanhg t he
conduct ?EwHa tl-}@'r#o@%‘ﬂ f:?ﬁ}%'cﬁ& M‘f‘rg t ggb‘?%%} ?91630395‘19&&312{5?&\93 r%ﬁ?mat%pe 1 ysing the

Al ternati vel age regu

hi gh CUPCBrttaceﬂQ&IGIAlstdhstd&@crﬂ)ed ovifhl refegenc @ pREIC. 2nthe vb&BgeWe@ﬂ@t@Wodﬁl@meﬁiy on
162 usi ng t he conductor 116 or, alternatively, directly to the renote

cilfcui t b&altgmaivehedirsiy cour)ah iocthe Bn 22 28 o Heltapsdig pyeent Reweran edoster 116,
W t hout s} el %Pﬁé?ér ﬁ?gghgﬁ%' cghﬁﬁctspﬂ%'a%d Jv?‘ltp gb&s{]&%hé&%h%z 59&44 4

decoupl I'ng ~capact t ance 1er W Vol rrent

di rect | yltdrRativedy listh@ihe POB ﬁrwdetana Zhe/donddGoP DM FespEUHin el wamilt&émgswg t he
conductor 116, w thout using the voltage regulator nodule 154 or the

decoupl ﬂ?f@uphm@qp@@meﬁs Hence, in FIG 18, the conductor 116 carries

h I
Eiego\tj gl ;[ ﬁg ec I%aatlohgé’ ug%%%% a§% ﬁ w]@ﬁ%fég‘% 2% ﬁoc or %1%‘7 %c ar }r ‘?eglquyhsé/ stem

valst age1g mﬂugte@rto mddeteldrtu rsd tcs b@vmrpwét & thd ddn@a it 8651, NEhedeRHRBE | NQ
capacitance 158. 30 FIG 19 is an elevation of the IC 22 and the renpte

ci r cui t p8h forpoveds @ahivery iras theimovesr supply 34 detheyaliagegegatoy slodalgd 5S¢ egbight or

dul d d h h
o1 og VR ot B B b wi rtaclich PritErBBR R e Bcr RE TR AR
Wi th - 541tdMatBR P8, &eB@l—ddéﬁQa/l@Qﬁg@tottﬁ@d&fo@ zg%a@fmé)@l.‘;@ﬁbtléwqfolthg% 5 1o

present invention. ower delivery system12 is coupled to the
provi dehmd)w@rrentmm V1 ngwascoeie@monﬂéﬂ pmf@rhblyetmgélm:@nductm 136 ad As

OO et LENERERER S O B0 SR el P
regul at gewaDEN kR pdfvey b&u{ebﬁorpp@@ﬁrefeemeﬁémgﬂle%émnfce&qr1afah& ak&hfely using
the PCB trace 118. 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 voltage regulator module to remote circuit power connection
25 160 preferably using the conductor 116 and alternatively using the PCB trace 118, 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 preferably using the
conductor 116 and alternatively using the PCB trace 118 or, alternatively, directly to the remote

30 circuit 52 via the power connections 162 preferably using the conductor 116 or alternatively
using the PCB trace 118, without using the voltage regulator module 154. Alternatively, the

decoupling capacitance 42 may deliver low voltage, high current power directly to the remote
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5 the PCB trace 118 and alternatively using the conductor 116, then to the
decoupl i ng capacitance 42 as |ow voltage, high current power via the power
connect i owo48/0pt7ed er abl y usi ng the conductor 116 and al t @CmAtSO¥&I5§9 usi ng
the PCB trace 118, then to the 1C 22 as | ow voltage, high current power

i th . ti 4 f b i th t 116 and .
21 ¢ er nabTOu 57 TiaPAget Hemeitten Tohacuembly iedfe seRuBOETHERH s Pebarigee 1o
FIG 2, ey ahiaos, Wedbhalste tHPG'M'ta%eﬁ@g RYr rhOahe 154 S@ﬂh@ﬁ&éo‘ﬁﬁkﬁég gdg\%gg%w

coupled to the IC 22 as | ow vol tage,  high current power via
connect ld%h 54 preferably using the conductor 116 and via the power

connection 1 and | ternativel y.usijng the PCB trace and t conduct or
116, respect %E‘Fey In é\}ﬁ? ngr_t%e & &%1 51 4 ‘P?é“esotb?:g‘i}fﬂgle ﬁ@%‘ﬁdﬁ?‘f‘ﬁﬁ ég a%ggle CANRgStor
angl 000y, BRRBSThe ABcAIBRAL bhficitied 40 CRERERES P B4 Zamitd¥he wel\é%eéggltl%%ﬁ%

system 15 12 1s coup the renote circuit 52 to provide

renot e oiodolei t5458d theh@npeatbrerdOadrriegs alichddcouplmgwapacitehdeVviesBy is from t he power
supply 34 to_the valtage regul ator dul e 154 as high . voltage, |ow current
power via th& E’&%ﬂ%@ﬁﬂéﬁﬂg@ﬁ SuBHRg %e}paﬁra,ﬁcaéirl@ca?%nw@a@enm@fﬁd

al t er nafiv i 3 . i | tance
T5a as. [15arhol 3 BReccIRabRACH S Sprurstfy of (et Rafd o REbiRH dif EABIEL

pr ef er apbyertusintgtstd2eoncthe chpod8oandick Gide(wl 72@ndil74 of halC\22| Mhudletumplihge PCB trace
118, then to the renmpte circuit 52 as | ow vaol t age, hig{; current power via
t HO' powedPaciEaIce A2 iressiVES BOVREITIP XBIVGT eimagjiond. Eumadas the conducigsd 16, viaa

al ternat| | i

Gesori peoiEpibr ik Hopeb ot o AERCoE fany ich kBTl RS SASHERERIAGE 176

al t er natn théd gaserale &mnditoettd yicludesthe dedoapkitecapatitinee 42, pdierasnha@on

vol tage, high current power via a voltage regulator npdule to renote

ci rcui t 4poRERed SN corads 9d.qusyblyfthe saldes elestricglly prunting drcdespupiing and

al ternatjyv [ i & i i

capac t sinectuh ™ Ay AP opiAAE S Hig b9 e Bhcier GORPEESU LI he e,
| ¥ Vol tagRictonil 96 asditheclséoupliagespatidarich @2 dBC Mikdxanle; dravhheisid 1226 redents
power connection 162 preferably using the conductor 116 and alternatively
usi ng t AeokeBon phdiscretegagts assgmbladrin eipagicplar giay sathenthama eqnentianst ginglg piece
circuit 52 .via the I nnections 162 preferably using the conductor 116
or al telstﬁ%(it'ilr\?é}l@hasuag@\é\%lctcﬁgerPCB trace 118, without using the voltage

regul at or mogu:e0lifidstrAést frdlatativeliew dffike ICIZZ, A BhdvAgirCRIGAC il | 810E hdving e
deliver |ow voltage, high current eg;mer directly to the renpte -55 WO

03/ 0347 4srpdmhysgemgyssstemclrandian ekptromagstentederaneedEM emesiopreenelabl y
ing th t 16 | t ivel y usj t he PCB. t 1 i t.hout
W2ohg RSP HEADrnRe. PP RepsbloR e e BhdmPRls B aneotifren B R bk 20 bakg

power delivery system 12, the signal transfer system 14, the signal connection 26, the power

connection 24, the IC signal connection 48, the IC power connection 46 and the dashed lines 120,
122, 124, 126, 128 and 130 are each not shown for the sake of clarity in the figure, but are
intended to be included to form a more detailed design.

25 The thermal management system 18 includes a first heat sink 200 and alternatively
includes a first heat spreader 202 and a first fan 204, each being preferably located above the top
68 of the IC 22. Alternatively, the thermal management system 18 includes a second heat sink
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.

30 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
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Hence, in FIG 19, the PCB 114 carries the voltage regul ator nodul e 38 and
the connector 5 112 carries the decoupling capacitance 42. Simlarly, the
PCB 114 ceiors®ssvhe vol tage regul ator nodul e 154 and t he Pcorusezsms9 140
carries the decoupling capaci tance 158. In FIGS. 15, 18 and 19 the

d | 42 d k he f f
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and t he decoupl i ng capacitance 42 i S exanp he connector 112
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ustrates an e evatn on Vi ew
19, hav'fdirgletila§onéiitﬁdfglmlpaﬁanagenent system 18 and an el ectromagnetic
interference em ssion control 20 system 20 in accordance vvlth t he

priéferred end %lﬁhsé heaf spreadar203 apd @?tse‘FWéW@'i preader?08|repvidea thepmally, ower
delivery, SY3he Jrﬁca}l%to %u&'l-%ﬁtaﬂr?rh 'il?e]'lg y) tosc ¥k Fs%éaf's:tnfc%o%cgﬁ}%lsegqng%%ﬁtt il

26, the power onnec 1 on connec ower

connect 12(076’1 répetiiily. TEhishiedt preier 2(220and ﬂie gacondHeat $pr@adel 268 afag bé?n@adaro@
each not shown for the sake of clarity in the figure, but are intended to
be i ncl me@pf: Qf metaiah arﬂﬁrefew@ﬂsama%omgtwg and ars altprmativedy mafle pbnagjorahie.

system de alte veI cl ude

7 rot hadeie@ly i Ph Skar 207 Bl SRaf e SR abh Sk el ol iy e
ahgve the 1toe. 6 fakt ﬁdaeSﬂr&daﬂzozAdnH&n@ﬁcbﬂ@hw sprB&iet DS s lpréTBraBIEBRNd as
system 18 includes a second heat sink 206 and alternati veI y includes a

second krpatatepartsablerma0ise raedaseiegnigsiahpar210, each bel ng preferably

| d bel h 30. Th f d
he secong ndap g AR SBEnd T feshEran 2 f s Sy ISt By RER sink 2 AAHE"T o1
the | C g2oMd Redt RRIKIDVB! reSRRAGAY ] t0rABheal away @9 the ﬁth ﬁeatlsmkm ahl iR seb&ﬁi

sink 200 and the second heat sink 206 may be made of any type of material,
and ar ehgnt eindgr24b) Iy:smdeelyr Fe At 68y 29340 theRETond3nn 230 589 hate amt tape offdasign

et e 0 RS B 90 B BBSE S BT
114. Thgspddiivtiyh eﬁf% fﬁét% 200arle second fan 210 may receive power via the PCB 114, the
connector 112, or the conductor 116. The first fan 204 and the second fan 210 may be aligned
and/or secured to the connector 112, the PCB 114 and/or the conductor 116. The first fan 204
and the second fan 210 are preferably formed as separate parts, but may be formed as one integral
25 part.
The first heat spreader 202, the first heat sink 200 and the first fan 204 are preferably
located in a stacked arrangement over the top 68 of the IC 22 to draw heat away from the IC 22.
Similarly, the second heat spreader 208, the second heat sink 206 and the second fan 210 are
preferably located in a stacked arrangement under the bottom 70 of the IC 22 to draw heat away
30 from the IC 22.
The second heat spreader 208 may also provide the IC to PCB signal and/or power

interface 132, as described above. In this case, the IC to PCB signal and/or power interface 132
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t he second heat sink 206 may have any type of design, and preferably have
multiple fins that permt air to travel between adjacent fins.

Al ternatiwelog/o347be first heat sink 200 and the second 5 heeatr/tsonsos2906 nay
be formed as a heat pipe containing a material that changes phases (e.g.,
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arrangenment over the top 68 of the |C 22 to draw heat away fromthe |C 22.

Simlarly, tHhbe EMlemissieragoniiol sustrar 2¢ogouplad tasthe dqd2tower the EMI czogeciion 30he
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interface 132, as described above. In this case, the 1C to PCB signal
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coated plastic, flex circuit, conductive ink coated plastic, etc. The EMI emission control system
20 may be rigid or flexible. The EMI emission control system 20 may have any suitable form,
shape and size. Preferably, the EMI emission control system 20 is carried by the connector 112,
which provides a suitable alignment and/or attachment mechanism. In this case, the EMI

25 emission control system 20 may be located on the inside surface of, embedded within, or on the
outside surface of the connector 112. The EMI emission control system 20 and the connector 112
are preferably formed as separate parts that are mechanically aligned and secured together using
insert molding, over molding, press fit, snaps, clips, adhesive, and the like, and, alternatively,
may be integrally formed as a single part.

30 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
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characteristics to provide a heat spreader. Hence, the second heat spreader
208 may al so provide the IC to PCB signal and/or power interface 132

advant agew0aB34poVvi des each of the signal and/or power iPorarshasssd uncti on
and the heat conduit function. 5 The second heat spreader 208 conducts heat
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sides of the 1C 22, and is preferably |ocated on the four sides 72 and 74
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out side surface of the connector 11 M em ssion control system 20

and the2Zonnector 112 are preferably forned as separate parts that are
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al ter naEén‘ﬁ%ﬂductd?%ﬁcl&%e 6D LREr Al dpﬁgﬁ@eﬁﬁ&lﬁﬁct@r die '39' Ka 4 capaQuilO8pENF

em ssion control Systém 20 may be coupled to the first ELeat sp reader 202
and/ or mghai 1f1t|erf3¢e dretht bsitork 72@0 the 1€ Z2Mndj pomer camtsctQQZomﬂnb smbd 72 and 74 of
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03/ 0347 43R RS QW%?‘%%UIC co-fired ceramic (“LTCC”) package, as is well known in the art.
With the LTCC package, the semiconductor substrate 60 and the bottom side of the
semiconductor package 62, as shown in FIG. 4C, are integrally formed as a single piece.

The semiconductor substrate 60 carries signal lead frames 220, power lead frames 222,
25 and the semiconductor die 58. The signal lead frames 220 and the power lead frames 222 each
extend from the inside of the semiconductor package 62 to the outside of the semiconductor
package 62. The signal lead frames 220 each have a signal pad 226, located inside the
semiconductor package 62 and disposed on the top of semiconductor substrate 60, and a signal
contact 90, located outside the semiconductor package 62 and disposed on the bottom of
30 semiconductor package 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. 8B. Preferably, the
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206 via EM junctions 216 and 218, respectively. The EM junctions 212,
214, 216 and 218 represent conductive paths to electrically connect the
respecti Weopans«9t o the EM em ssion control system 20. AR¢THND2/81585Si on
that is directed towards the first heat spreader 202 and/ or the first heat

sink 200 wi.ll Dbe r ted t hr.qu the first heat  spreader 2.and/or .the
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on the bottom 70 o 2 and power contact$ e sid and 74
of 20 t (it klovaD, faassa#@\/ﬁommd?demcondﬁ‘ctoﬁsubswateﬂa 9A, 9B, 9C and 11. This

package 62 is. prefer formed as a low tenperature co-fired ceramc
("LTCC') pacﬁg@é ng%%dv S| CORMShAPRIAPT Al signal padsgn the top2321dth¢)ackage, t he

sem con 9%131?:8&@%}56& d H B c@?r&%ggl@%lgtﬁgf é}é&g‘z% ﬁﬁ{j)&;edtoﬂ‘ﬁée t%@ erﬁ&HféUﬁ&&:‘Eor

package own’ 1 n are Integra orne a“single piece.

The senbusndic@00ISimilxdy, patver Gite dands 239 cohgerabpprepriaté panapad2on tHeawe 32 efid
frames 222, 25 and the sem conductor die 58. The signal |ead franes 220
and t hethsemicondugior dia 48 4o oorpespending powespads 225 disnnsed o fhgdompf seprconductor
sem conglﬁhc;s ? 6@ackage 62 to the outside of the sem conductor package 62.
The signha frames 220 each have a signal pad 226, |ocated inside the

sem conduct orTHedCka PEBgitdl dnd/os pos@dnterfade S 2tiOPispdsed SRttt 70 oﬁtlhBS(Cr ate
60, and a signal contact 90, |ocated outside the sem conductor Eac age 62

and di spasBe nblwee mierfm 132 famssdivleeng mateial baakaaeamoprﬁe dig
A, SRR oI P B R B oA
Pr ef er abftached ﬂﬁthe b5@01M\@0Q>3/tKH3I€723£ PCT/ US02/ 30589
FIG. 22 illustrates a cross-sectional view of the IC 22, formed as a Level Two
semiconductor package 62 with a flipped semiconductor die 58, having a capacitive type of
signal interface on the bottom of the IC 22 and power contacts 92 on the sides 72 and 74 of the IC
25 22, as shown in FIGs. 4C, 5, 8A, 8B, 9A, 9B, 9C and 11. The IC 22 in FIG. 22 is the same as
that described for the IC 22 in FIG. 21 except that the semiconductor die 58 is placed up side
down, otherwise known as a “flip chip” orientation, on the semiconductor substrate 60, as is well
known in the art of semiconductor design. The flip chip orientation requires that the signals and
power be routed to the signal contacts 90 and the power contacts 92, respectively, in different
30 ways than with the upright orientation.
The top 232 of the semiconductor die 58 that was facing away from the semiconductor

substrate 60 in FIG. 22 is facing towards the semiconductor substrate 60 in FIG. 22. Hence, in
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signal contacts 90 formone side of the conductive plates adapted for use
with the capacitive type of signal connection, as shown in table 84 of
FIGS. 7TAWOWM3BB796i m | arly, the power |ead franes 222 eacirChasse2/zspower pad
228, located inside the sem conductor package 62 and di sposed on the top
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pads ( sdistrated®Anisingfcaopkngteehynifues hdt hee welhkmowdincheart sfilesticatdacdod. Si gnal

wi re bonds 230 connect appropriate signal pads on the top 232 of the
seni conH¥BEBFIUENE 58 to corresponding signal pads 226 di sposed on the top

of sem condugt é%Eorilt%‘% 4 Sléafdﬁla‘?neﬁﬁ)% l‘zﬁfggiﬂ(;?rﬂoﬁer paY&es mdgaﬁs& %vﬁe‘?’ég& t@g@eCt

appropriate power on the top the sem con

cor r espelediricgllypowpiedradpp 8 eddspitthe second piveertlopl Himes 236. cDindfiest wower pad
substra 60, The 1C to PCB sjgnal d/ or, power. interface 132 is di sposed
ortY% he %ﬁ% ERfhihe @ewgtpﬂw pad 240 arw@ﬁw&tﬁdw&flﬁ thejspmigopdiciorpokags oggng

di el ect i I i i i i .

descri bagapass helop oA RRRIARACHE IS E pal 2SR MAR aiSge ol |
and t heand aidoaered Byttle sehdchmiuttoniié®8aind thesetéhdpbwdr ipad 22Risi 1bdatst urmieethea

cross-sectional view of the IC 22, formed as a Level Two _ sem conduct or
packages@picapdustos dig 5% pRrgfesably.dbgpriver gyirehand=34 cpangctighe fiesh pawennade38yoe of

o1 oo 7IERieARRANY oy AL AR Rherhdlfie Su b AR VR SERLI R Ryl * g2
9@s5and fdrmedhth the 2@rréspordifig pawer adt28. 2ddEatiSely] thatird@seel frid3Bahayi e |1 C

22 in FIG 21 except that the sem conductor die 58 is placed up side down,
ot her wi ¥eldeddthesorrgsponding nomieprad¢3nt ati on, on the semni conduct or

substrate 60 i [ nown i-n th ri, o m nduct Sign.,.Ih
P o S PG iMgdBdts  (BRChfhal Dl dlc 2T SRANELRG, 98 aftfla s e, |

si gnal g@iHeaot $19Forhél dshesopledeindGaphcthsa Beat sinkIVOCAs sheWH in FIGSIi4d, 81 gt 30
ways than with the upright orientation. The top 232 of the sem conductor

di e 58 BBalOAwldB; 46CnYl,dRByanfl2emThhdC 3m E¥ndiids dre samglas thasdescabed for theG, 22
' Sof 2CT 8 2h WRIES1 N ESF SRR o RIS iR udetn bSineBi 115 W ied'al a ~ 60
socket, and the heat sink 200.
The IC 22 is carried by a connector 112 formed as a socket, as shown in FIG. 12B. The
IC to PCB signal and/or power interface 132 is represented by the curved lines extending from
the power contacts 90 across the bottom side of the connector 112. In FIG. 23, the interface 132
25 capacitively couples only the signals between the IC 22 and the PCB 114 because the power is
delivered to the sides 72 or 74 of the IC 22. Preferably, the interface 132 is carried with the
bottom of the connector 112, either as a separate piece part or as an integral part of the connector
112.
Power is delivered to the IC 22 via the power contacts 92 located on the sides 72 or 74 of
30 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

to the power contacts 92 located on the side 74 of the IC 22 via the power connection 24, formed
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WO 03/ 034799 PCT/ US02/30589 FIG 22, what nmay be conventionally referred
to as the top 232 of the 1C 22 in FIG 21 may be conventionally referred
to as thewbaBiosmw®32 of the IC 22. Wth the flip chip ori ectratSonsossnh Fl G
22, the power and/ or signal pads (not shown) on the bottom 232 of the IC 22
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socket , thesamgasshat deseribed fpp the K i RIG; 41, seeesnd thah Hie PaMET eontarsanl? aredeigdace

132 is t curved lines extending from the power contacts
90 acroélg eﬁégggt%%%%gi%g of the connector 112. In FIG 23, the interface

133 25 capaciThé yewyr leadifrhs 22Dhas thpowergiad|228 had weedweheortset 22 chnttically PCB
114 because the power is delivered to the sides 72 or 74 of the IC 22.
Pr ef er apticctefét ¢achend atthe pawer lead fame 882 wifh%le@ﬁ &ramg @22 asmopfedithioughy theect or

112, either t ec | art .of the

connect tcqeRpSTRRaR S BeTinaREh s 8 28 T SRR Rishaftiol Biage 2

| ocat edTREpbReEr FldDRS isf I%)c@ted Mld@fthe é‘éﬁnbdnﬁlub@r packags 61 aideil |dYspo§la@V&ﬁirthé fop of

del i vered to t he power contacts 92 located on the side 72 of the IC 22 Vi a

t he pom@@m@@mﬂ‘\@totrlsbbﬁt@iﬁ, 6(: grheeewes contesh 9a ikloedted o@sidathessenaqonduttor paskeger i s
ol Ve 28 and AishiAS BV 0B PR R hiRicORa 5 iR Bol ASn kTS A0S, 9A8: 16 30" 2
11. Note that the power contacts 92 are flush with the semiconductor package 62, as described
with reference to FIG. 8B. The power wire bond 234 connects appropriate 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
25 semiconductor package 62 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 shown in FIGS. 4C, 5, 8A, 8B, 9A, 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
30 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
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-61 WO 03/034799 PCT/ US02/ 30589 as a PCB trace 116 on the PCB and forned as
a conductor 116 carried by the connector 116. The connector 112 is

el ectri cawby3osupd ed to the power contacts 92 via correspeadiusg/psser
contacts 242 carri ed by the connector 112. The power contacts 92 carried
by the co tor are sui tabl e conductiye material, such as
net al , &ﬁ%&ﬁ% \‘,‘5 B3 Hadgr%&g &ére@og%qc,tqdctapmggﬁpp %pg PEWGH H*ﬁ s{mRt power
cont act sh & thi'Botldm 322 oF e sERbIcRlf R0%s in% HnSBRRAYI Al 68 of and
makes di rect) cont a(():t Wlthot hest op 6 n cmf} ?ﬁg n I C 22. The hea. si nk 200 draws
heat away fr biGi26eillbEraéd. a crbss- daetannaisvmw af@ke ]Cszz;lfmgmmsaricb’veernesecur ed in
its location, as describe h reference to_ Fl 20 above. FIG
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t he powe power contact el ectrica connected at each
end of tHa:ethp@htprorieﬁaﬁoﬁmnmcﬁbﬂdwTﬂh&efemdedeIﬂiS 222nd 35.r out ed t hrough the
sem conduct or substrate 60 and up thr ough the sides 72 and 74 of the

séfi conduct oF1@aciayd 23 2ach tHystrafenaty L hal typesemicondugtipeppckags Gehithe

sem con n
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packageFR®. ZiQillaﬁtﬂatéh assmﬁadldoaot pkbh@pfofifledis Sevmisinaitbnaifan cpepkidlgend?2, as
shown in FIGs. 5, 9A or 10A, and_ 11. Note that the power contacts 92 are
f1ush mmaﬁmhy%@?ﬁ@éh@ﬂiépf@ﬁd%aw?(age 62, as described with reference to
FIG 8B. The r QR Ny . . 1 he
fop 232 of 1t M8e ekap ke as 4 A 2c AR AL s ob S S 5GB!
FIIG 25hivihgsli gﬁlifd?ﬁas@e &1 @8 SorRednc P BRd is\appleddirdctie obés tRe senfuedsmdtoaaleassL@s/el ‘
Two 25 sem conductor package 62 with a flipped sem conductor die 58, havi ng
a capaciswelbkngpwseinghe alé ofsempiconsusior meaufspiuring Brsferably;ibe encappidating materpld

power c acts..9 e of .t shown

Bo o, 2B ApBlic g g bOpbEPel o Kb iftublo 8558 4R SR Rudd gbgiow i es ™
descri bgftht @Emidddidtordfie 58 afid fdke ohtNWitR4he Quf€Fduter sbigate@oat i on of the
power pad 228. The IC 22 in FIG_ 25 has the sem conductor die 58 in the

flip chibtennatizelyathe encapsigatingsmateal4dindy A9 becdpptied toethe topring sideg of thed has
9 th t 68,.0f.the | C 22
PP P R ERRR i & B e ilaeass, e AP Shiohd ther Bt e Mgl 28

sen congyapRiely encapsulates the semiconductor die 58 against the semiconductor substrate 60.

The heat spreader 202 is placed in direct contact with the top surface of the

semiconductor die 58. The heat spreader is preferably formed as a thermally conductive material,
such as metal. Preferably, the heat spreader 202 is held in place by the encapsulating material

25 242 disposed at the perimeter of the semiconductor die 58 by the encapsulating material 242
drying and 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

30 202 may be aligned and/or attached to the semiconductor substrate 60. Alternatively, the heat
spreader 202 may be secured in place by the encapsulating material 242 disposed on the top of

the semiconductor die 58.

-63-



-62 WO 03/034799 PCT/ US02/30589 die 58 along with the signal pads 226 and
are connected to correspondi ng power pads (not shown) on the bottom 232 of
t he sem cwodaos4wP9 die 58 in a conventional nmanner. FIG 2@Cirlusoysisst es a
cross-sectional view of the IC 22, forned as a Level One sem conductor

k ith i d 1 d di e 58, i n iti of
a5 1 nieFiGB BRI hroreruimnauciar swbngsts B0 sarmin thegovier cRnstit 8¢ 91 8% on
the t : bR , ) . 11
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[ y ctor die 58,

or gel consistency and i's applie rectly’over the sem’condu
as is wad theldecoupling chpueitace 48f sem conduct or manufacturing. Preferably,
the encapsulating material 242 is applied to the perineter of the
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t op andcggadieanceid2] &ds A1 koW o ekt capitbBdesigh. Thie Heeduptihg ddpa¢Raease.is t he
application of the encapsulating material 242 conpletely encapsul ates the
seni condispessd oaithe v BithasiC 2hand anere padiselady. euiths topae&oigbe haaisprgadar
spreade 0302 is placed in direct contact with the top surface of the

sem conductor die 58. The heat spreader is preferably formed as a thermally

canduct i ve mat@ist péwer cobfdttd258Rh@hn allfarr@e_ft@g@bhagowaa;ohﬂa&orszgs,e@dﬁrad N2 is
held in place by the encapsulating material 25 242 di sposed at the

per i met eppasite sides ekt desrupling eaparitansg4byperis pewenisemthe poveer vanraction 24 49
drying and, solidifyi or, by an .adhesive or, sticky characteristic of the
s apouPaeierenl esiplih 1§ o decp I aBiel Enc® 4 et e iRl HLactiveE st B
spr eadethedRdt puvekr ChfhedfR D56 Hal tREvSlfagh R uEASARSAUIAE 8. "Bhe SBRORI per2binadtort he
perimeter of the sem conductor die 58 conpletely encapsul ates the

seni condd® mey atoge@8vepaion Stom the pewel ply b2 theutodtegeateguls®r madulerddari vel y,

t heat spreader 30 202 may . al i gned and/or attached to the
sgﬁi cona{fé’F rpongBQ?éetnéO%%ﬁl.rg"A%)fzernativer, the heat spreader 202 nmay be

secured in pirag@rdpolvbecRANEADSLY 6ahé108es BB pWer 24 mith] 259 86Fa SRohMBow@P Of

terminal 257. The second power connector 258 includes a first power terminal 251 and a second
power terminal 253. Preferably, the first power terminal 255 of the first power connector 256
and the first power terminal 251 of the second power connection 258 are integrally formed with

25 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 253 of the second power
connection 258 are integrally formed with the first conductive plate 244 as a single unit, such as

30 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.
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t he sem conductor die 58. -63 WO 03/034799 PCT/US02/30589 In FIG 26 the
top of the sem conductor substrate 60 carries the power contact 92. In this
case, thewDw®p/0df79¢ he sem conduct or package is represent edPoy/uset/asence
nunber 68 and includes the top of the heat spreader 202 and the top of the
sem conductor, substrate 60. FI.G. 27 illustrates cross-sectional view of

the 1C 22, adheRBWE GoRneqtign 24dncludgs apoweplng 25 ewdline 252, as gewsll as a
socket , ti ! o 4 a i 4 . as
oc by R HH4PR Qftian s HETONRL BRIP AT BERAI 1LE 12 THEBbwE: it 2 A3

i n Fl G apredetesmiried vohage mtertinbinddbes grouhé tiné 252 tdmded £prd@ndipatestinli Therploreror
package.. el enents_shp in FIG 27 inc¢lude the
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first c %guctlv?%@a?e e§431 and a s?e@gﬁ%’gcé%%guct ia@é’[%lggtgé%a é?éggr ated by
a di el eelettricalijat@ipiel to tneofirssprowen ternfindd 26 f gf thedirsteooeptimgctoc 2§maridiiance 42,
as is well known in the art of capacitaor_ design. The decoupli ng}r capaci tance

gn.
42 is @iesipsalbycawladie thetskrowsr terpanal 85D of thg sgeondpeweneanmeetian8y  Theh t he
top 68 : £ . d an

al For naf B En8ash iRt ARGR coffled e Gohl B BN DR R R el Do
decoupl torhectdpass hahic eledBicalde coipledrowiy sckomhpdvie tgramiedl 26d pRthetsteondpbdwed be
el ectricall y,couggl ed to the decoupling capacitance 42. The power supply. 34

ddli ver somsHen 39 Wit thesp gonnsetips, %%ﬁ%@@@uczsgpmeamrfénw theapyedsterguned or
dul . ' . f th
moaul € %&tﬁ%@?ﬁ@?f;{ﬂq ﬂé’é’%%h&@&ﬁﬁ&ﬁ&%@%?ﬁgo ufgéhg%r%@ﬁ%ve%na‘?w romthe

power supp he  vol'tage regula provi de power to

a renote cir gHe fird2ondievd plakt24p@fttic deosupti @apatiibndericl iti¢lgdesank iof Glorgowner
term nal 255 and a second power termnal 257. The second Eower connect or

258 i ncpowersmembers 260 thafisrpreferahlyarmebwith e firskwagdueiivepdite 244, sueh #5dly 253.

Pr ef er ahl he.first,power. term.nal 2 f the. first wer connecior 256
A ¢ hoRtord sttt bRpkRR R for i ol Pina 2120 B it s o SbneBitéBlee BIF S5 Bln o

I nsegr akleytricayeshpdditb _t%ﬁ&%ﬁﬁ@%@l&@ﬂ%@héh@ B RlRer, 20 diag, mdshdBke unit,
such as by netal stanping, blanking or formng, but may be forned as

separ at #hppewer pembers 2h@ elegirically eanfact telpoy et eanicéud3, somrespondiog tithe yatiags i ve
pl ate 246, such as solderin | di and the like Likewse, the
Becond” BovfHlyeh A AG 238 embh o et ssRiFortelfie iiSieatseB S B vl Gige on
pover t eimicBaductr patifagt B2, £YEOWAH iPPMER7CONNEction 258 are integrally formed
with the first conductive plate 244 as a single unit, such as 30 by netal

st anpi ng, bl Thksergnd corductivapjatel2do ofithe dseovndingwsapasiianpedarintludgsione or pwre s
t f}%t ar ground members 248 that is preferably formed with the second conductive plate 246, such as by
metal stamping, blanking or forming, but may also be formed as a separate piece part and then
electrically coupled 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
25 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

30 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
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electrically coupled to the first conductive plate 244, such as by

sol dering, welding, and the like. -64 WO 03/034799 PCT/ US02/ 30589 The
power corwedBioT9®4 includes a power |ine 254 and a groundCtiuse2/2689 as are
wel |l known in the art and as are referred to above with reference to FIG
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244, suohthediritycondmttiat phita2dd, g, sebdmairdondtioe pfaty 246)gnd thetdidgleytriemateriakto
formed as a separate ﬁgece part and then 15 electrically coupled to the
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power I I t . : r ndi ng
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seni condise toidustslis thielicat Stk 00 viahke devaplingwapacianiec4D) dakdrati oG Krdp16id,  as
shown in FIG 27. The second conductive plate 246 of the decoupl

capaci t H¥cdecoupling cppasitancefi2 ey heeleningied & prmdt the hert sink 249 te ﬁmdupgaql of the
f ] : i : t al
D arrpi it hSLIF e et el cBRER, 07 SHE Rl Tndhdhs sk S0 Ry hye (RS,

parst anehordfigione ke dire@Bl dontaeothpihest shizaldr203 Qfcund at RASIAGIorYh ¢t tBd ferdftéter
such as by solder, welding, and the [ike. The ground nenbers 248

el ect ri ebtheydeeanpling canagangeddnd contacts 92, corresponding to the ground

otential, o J.C .2 referably.on the .top of.the sem,canduc
P oberr are’ 60 TG 2R sty Gachaebi fasbetforkShobte b ST B WEICh 1 1
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each forned as conpliant spring nenbers, but may be fornmed as rigid
menber spieseiedveaanpanssockels and supperting decduplieg capaeitance B2 ynd a heat simke00n@nber s

250 and t he gr d r ' ok O, o l.hant ,~Spring nmenb have
[ ads "t nato B0 46 G S SR oGt Pl o 0 20 S BhS RnPRRE T Rcamiay o
30 tur ngf [aPBMmEssHRWAYn FIGME)NRreedhs B el fio Srtisdddat@r Pabkadd §EMRAL i Vel y,
t he power nenbers
decoupling capacitance 42, and the IC to PCB signal and/or power interface 132 (not shown in
FIG. 28). The connector 112 is disposed on the PCB 114. The heat sink 200 is disposed on the
connector 112. A fan is not shown directly in FIG. 28, but is typically attached to the top of the
25 heat sink 200 at B.
The connector 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

30 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.
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250 and the ground nenbers 248, formed as conpliant spring nmenbers, may
have arns that are curled inward in a sem-circular or sem-elliptical
fashi on vwwohshasrds curled inward towards the -65 WO 03/ 0€TAS02/30589

PCT/ US02/ 30589 center of the circle or ellipse. The upturned feet or the

inward curle ds permt a.sol der-1|es connection for_ easy and
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to permt the heat sink 200 to conduct all of the_ heat through the
dd@oupl hafg halp sxterding thraueh the centerareadherged, Ydugh is pdapteddaecsiveid Zor pasfioRay e

one or i i rect r ¢ roynd
a1 onstTHE e o S UERal QAL 200 B ¥ pERINDER JEHE cofifles P2 ABIat R FHRUE
28 il | uséo a&ttks four solherspRérsgect i ve assenbly view of the system 10 for the I1C
22, fornmed as a Level Two seni conductor package 62, carried in a connector

112, formed %Be first gendugtiecplatecitér camyingdbe sokagepetentialnincldpphespengd power

decoupl j ng..c itance 42 and a _heat s 200, as 20 shown i3 Fl 4C, 5,
o b, LBHinaBBo b A §&oid pRNE, Bpedion2ieR g KeondBolir BARHR 27 5T LS Che
| @522 ( poWersdoamertdr2 6! bad 2ZPiralityos eRSorth@s DS eThd puves eneneRAC2BI Xteridackage
62, the decoupling capacitance 42, and the |IC to PCB signal and/or power

i nt er f affem1edgh phibe Tewraudesiof therfire, copdyctivy plate i ebheecantpawer thrayned 885 oh t he

PCB 114, Th ink 200 is di d h _Afan i
Shown dite&geany TRt eFFnedgn 43 o IREFEonE o Terr BRIt Singih e FoipisEor o
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256 and the second power connector 258, anal ogous to those shown in FIG
27. The244 alse hpoler haonféoat dhe PBGcdrgerp thefenfabl y shown as an edge card

COrect o The. Seropl aRiet. SoneEl o B2l S RESLAL ISR R
at the f{BMinaf9596f the first power connector 256, the first power terminal 251 of the second power
connection 258, and the ground members 248. The ground contacts 248 extend from each of the
four sides of the second conductive plate 246. The first power terminal 255 of the first power
connector 256 and the first power terminal 251 of the second power connection 258 are bent
25 upwards. The ground members 248 are bent downwards. The second conductive plate 246 also
has four holes 260 at the four corners 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

30 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
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30 of the system 10. The hol es 260 preferably extend through the connector
112 and the decoupling capacitance 42 to nechanically align and secure the
system 10wO0-08034M® 03/ 034799 PCT/ US02/ 30589 FIG 29 is anprexplisozassyi ew of
t he assenbly view of the system 10, as shown in FIG 27 and it includes, as

shown fromtop to botto e heat sink 200, t first power connector 256,
the secHf C%‘H‘?%PV%B]ﬁWe?c@o?tt "gS 8‘?‘3083 POFCTFOPREEH Zgg?r%?ltecm?éel&@}’{ Aegedadiacent tot he
first c i : [ r

por 1 one ot g 4F (bRl peir hBoRE 03D Dl ANGHELIS o le DM IIhET, )

t he PCBP&crablybiht powepomtacts2 D6 6artied tvith tiosenerst amdidteqitate 6 aRChe grddnd The

heat sink 200_is dis OS%SI on th tr%% Porti on 562 of the connector 112. The
top pofPntests 2% camriet fathdbe seeond pondpstiveplate dgpre pitgmasly pEgngwhbadipcent to

adapt ed i 8 LM €1 Lk %mﬁ 256 and the second power
connect 8rc Zﬁﬁwg%g%npohﬁggﬂ%an& t %&lﬁzegi%nect or 112 10 has a hole
ext endi ng t hThe géntériperitan2 el ofaheeoninbebebif2, hashntegrally nadddt festuied adHeed toe a

center portion _of the bottom of the heat sink 200. The top portion 262 of
t he conFfeevgtherfirst pavees caarectas 256 Al the seeomd PAver FRINEEHQF Z%r'ﬁ@rlﬁtegﬁélb’eof. The
first c td I t t ent] | t he
second g@% rﬁ fk%{grre%!oﬁgfe %é?o%@ﬁtzﬁg 02 glce o%gn%g%?gggﬁ ﬁ%ec{%%{ggb%gg QF % gF@g cond
power t esmicttdl 1 Ebrhectianidatly aligs indliate ai eaclh BIMRE t03iTovide coriedtofhPhsitigalfot y Of
power contacts 250. The power nenbers 250 extend from each of the four
silfes otheirgespeptiv tegmipalsc Hhg eomplegiorhousmes Frecadanted firqseixe the fisstaaer 253 of

t he sec i e . i n 257 of

first poecbase SRIRES Rl ponty Aled ot HITRARb AR e SalisRlor 018y
downwar gied thEhep pdrtish 26Dohe omeecdlr a1 Bmedkthicalls @li?x@&nd Rife Wit @shdfras the
four corners thereof. 20 The second conductive plate 246, carrying the
ground pwviletd kausingnetherdse daseriliedras g cpwakap shaver 1w & 1285tostherdesodnlingt power

253, antEeRLpddnar eaene S oot LA If BSTR0 IR + PP Ech

ofist he cdraers tedrelsgs of the second conductive plate 246. The first power
term nal 255 of the first power connector 256 and the first power term nal
251 of the sébopgngeasiacialarndés abenszed sequeesgba firs powpniamaivals Ak, agrieadrwith

menbers 248 are bent. do The cond conduct i l.at e 246, al so ha
Four  noftsccsa cena iy PN 46 B P IS FRBFr SRREHIRAR Ao P TS vor
t er m natepmads 253ak4rtied withithe HREcSRIGONE FRB UL MR RbeiEpois cotfectdr P88 f i I st
power connect or 256 and the second power termnals 257, carried with the

first @CbatueRivmopited to thagircwt baando4,iotlsrwisekeews os e uttepossBoard dorming a
alztoer naLg\Léf T%;gea[%dasas o I’Iéqﬂf & Ps well known in the art of IC manufacturing.

The bottom portion 266 of the connector 112, forming a socket as shown in FIG. 12B or

forming a frame as shown in FIG. 12C, carries the IC to PCB signal and/or power interface 132.
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

25 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 corners 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

30 connector 112, and the bottom portion 266 of the connector 112 are aligned with each other along

four common axes at each corner.
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30 other at a predetermned pitch in the first power connector 256, but,
alternatively, may have any arrangenent. Preferably, the first power

term nal swP93/03499 ried with the second conductive plate 2P¢&/US0t/3t58% second
power connection 258 and the second power termnals 253, carried with the

-67 WO 03/034799 PCT/ US rs codc e plate 244 t he second
power connec?bt?‘ Stergg ¢ é}eggﬁ{hf%‘}gﬁa{?%*’v ]té‘?lFSd %lf‘a Iaéf‘ﬁg DROn3E1S aé&%‘}li“g{gh% Wn the
second PQVESs +& BRIy 4e&ire Qiétoonﬁécﬁcﬁrlﬁé‘ttégéa e¥as %sgagﬁeﬁ?oo;f?(:%%tﬁﬁpﬂ%? nt.

Preferably, the power cont acts 250, carrie nduct1 ve
pl at e 24@wraindIGha8.gAdemdtivepfbachales? dBgnedawith thd faurthioles retheessentbly ofithect | ve

D) Fer nabteban 0 e SHETL e ahs BB dit HiarhaheSaicar (5i0rts BRBAA die he
cognect gfstehdd nishd SHAY tfdh Mclﬁ@ilng e\gltﬁcﬁﬁilﬁ{lﬁﬁo@qe&‘i&@%e&?stﬁlﬁéﬁcﬁihy g» % %Pbé rst

power connector "256 and the seco ower connéctor 25
nol ded hmdhthediks. @he fetsten’etspngobd separa@ﬁﬁeoefpatth er mmgrﬂkytformeldl\mthaqjaxtt o€ theent er

portion 264 of the %Fé%{q 112 e ganl cally align and mate wit h each
ot her t BOTBIEIOT 412 cRHERR Brt ﬁ@ﬁ@fl?@éﬂ@f Fmedas fqpy %epﬁ@gepisequélfeé@%sVﬁm the The

connect gl JAGHSH 9% A% Br AAALAGrL Aidi AR MnkISich b Rhet BAVERriof BF IR EhRheckO

and the second powe tor center portion e connect or
112 and12 Het inegchapaally engade naving tfeetureo o ecleast odd thermiton 6ftht yordlecon 1and
mate with each other tq provide a housing,. otherw se described as a cover

ad Oshowtn thys gHepmatiyo,the faérenﬁlﬁefoaae%smmanbor Qigpaueierbbecraate apwemblhy fithe

t I
DO | 00 By L AR BBk and R BI0poiAl £5 2Pl B iy
power t afayichatesansiemblgiof ltlmzlsy’mmhlo thies peanentdoneinbled & fhe3te Ao it cahndthe

second gower connection 258 and the second power termnals 253, carried
wi t h t hee fispssemblsdavithont darpagingtho agsembly ofitbe stamdOpower connect or 258,

The 1C 22 is o

Mt er poser baly SO fEdfe) PEeSHETHE boRRloly Y s P REIRE 00 e Bloifiparg | o
welsl - knownis tipit4le, @férrddfto b&thransthebbart bBehusd RaDWatrtImRek tof et ole@ﬁlwfhat e
connector 112, form ng a socket as shown in FIG 12B or formng a frane as

shown i KC B2 daterfanes withy rhedonamddl Itanqludesamiliplg sandushie eantasss@ot shopay thate 132

The bottom 266 the. c ctor a a

a1 gn akarenod s 5l ¢ AR ERES] B 102 ok 3 B MMisPled By RS Bl
cont act sclffiet ARitiFO POB) trfR8s 1| Iee(neoéHowA iATFIGEY)2Rat RIBtrR4lly 8owdlé the cbhdilttive
correspondi ng signal contacts preferably on the interface 132 and

al t er natontedty (nohshaven) Parha RAB toithe ‘ry@pumﬁhprocrltqumlm@cmg witletheder?det or 112
al.so has four, hole at t f our ers thereof hol e 60 in the
T e e oNoff i 28 ks fodShosg iofEih B epler ol as i Brsd Porhstvg it

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
25  inFIG. 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 view 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
30 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
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first conductive plate 244, the second conductive plate 246, the center
portion 264 of the 30 connector 112, and the bottom portion 266 of the
connect orw013/0347¢9 al i gned with each other along four conPoR/sRE3058¢ each
corner. -68 WD 03/034799 PCT/US02/ 30589 A fastener extends through the five

hol es al i gned on .a co is.at eac f the four orners to.nechani cal
secure f th&&ﬁ%&“&?‘“@%gé‘ggﬁm&% e’&&“‘%‘ﬂ%&?é’é‘ {prgad f%?fe”é’?%‘f‘i?ﬁﬁl T’Gt%‘as show?;
in FI G abh4 ' ' ' he
nasenbl o B o R RS PHEOLRP A s ot

o Chout Limtat o ot ene. hent. otakea o piny eega e oap BT e
Wi , , , . ) .
The f asf%@?@rﬁrh?y %é:egtsrp%?ﬂwef cheat yak 200 grtendsitropah ﬁgf; ol b (RPMRTEPar ¢
of sthe -gPPPREBhnelis? -115"&?&?%&9%8 ta&tﬁ?e {o?%tf'ﬁﬂ:e({ odlifagc %&E‘thnc%s of our
separate screws. Alternatively; t%e asteners orn1§na s or clips that are

integral |y fBIGEX iHufthatastanl atestationeropoasedctioml ofewt dithe assamblyasf theldyidtenh 80, as

mechani cal |y, en%gge mating features on at, | east one other portion of the
connect Bfow Flp 28., The,pssemblyafibg system i Flociluis dhesamess aspssembly 96 theor

i ps, : ;
cesbnbl STar 198 MO ARERANPANREN o Bhutite o0 SRIHA Sl Rl 172 BEEHNY,
may cr etedCa?, &ms thelpowen etribersyistaddtierbingl medbge 260 aREhbynas fevdedied i n

the sense that it cannot be di sassenbl ed without damagi ng the assenbly of
t HE syse@iadiayms ppd handscand thefdhe sisnalantexfacei 193 fomes xdiplselticonatana) taprpagiizelieat

sink 20 ' ' I | pically referred to as the
not her bg%urpyl%%g%%fs;%{%egp%%gg Zg;ar?“rii%%egpg%r@x'of the circuits that the 1C 22

i nterfaces wWrhéPCBhEl4anidd tHd donnb@butids Thelihteffhe 1BQHRtovwitevLcapasitiagigndlnot
shown) that correspond to the conductive contacts 90 on the 1C 22 or on

t he i nt Bit¢réce betygeen gl GH3Rangd the PCBnkd4y d¥ade that thie HICB GO not present n BIG.7dt In
shown iQ.. e Feally C | C ' ont.ac not
Showm Difbfe B o7 81581 LA BHaSOHRLS o B SHAPKE Faag STUAEARRETY o,

2Q 5Not eirdidudtlcépacABrsfaRisthe PCBSHAHa8 thetRerisbt dffiBe € FsPEndiBOdiSinl 0bnthdie (ot I St
conductive plate 244 and the second conductive plate 246 of the decoupling

capaci t shrva)4prming thpethar side of the imdrvidugtgapasiters. dde antefape 132 @rovidesdbes not
show a heat . spreader, 202...as _sho in . FlG 27  The absence of these t

ol oment SRR RSREE, pfRg 1R RpRIRHRS Wil eont B RR B et i STamkle (o
FI G 27contifiebeie 02 #QARsIPEBNY 4Q@Eé&fﬁiii @a?ﬁ@tié@sigﬁhl EbiplingSePRdchQhdRC dhe
function of the heat spreader 202 25 in FIG 27 and the heat sink 200

di r ect | yndthatP4A §14.he top of the decoupling capacitance 42. This

I ti s furth describ i t.h FLGS. 30 3 FI 30
"1Plst rat es TheAGoLDEhe FIRARINSE T2 SRS HE LRG3 CHORRe Ly R sRrS 8
shown i fhe Jrbied m&%baadsa,%ggmg lif»@ﬁdﬂy%ﬂe@aﬁﬁseﬁldtﬂaﬁdse oSG BlresbbAding PBwer

i nterface 132 provides a signa

contacts 92 and ground contacts 92 on the sides 72 and 74 of the IC 22, as well as the back side
(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.

25 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, 8A, 8B, 9A, 9B, 9C, 11, 12A and
12B. In this construction, the connector includes an external means for connecting to a source of

30 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

-70-



interface between the PCB 64 and the PCB 144, as descri bed above. The PCB
64 carries the 1C 30 22. The decoupling capacitance 42 is disposed over the
| C 22. Thwodsosapd i ng capacitance 42 has characteri sti csPefi/ts0iza@Es9
spreader and di rectly contacts the top of the IC 22 to spread the heat of

the IC 22 thro ou the str t he d | i tance 42. The

power ?’FBBP@ ac1 N ‘#ﬁ%ﬁ?’@éﬁw&@%ﬁ%ﬁﬁgwﬁﬁﬁp h‘d‘@ aﬁﬂﬂff Rgfber s
250, f opdHiids 228 SROSHulE@htRRD JDTHe 8RR 1 A RaPLREEdS b@rd:aWt}t/ hihat @f&&%@ce
to FIG 27, contact correspondi ng power contacts 92 (not shown) and ground

cont act ss p@pof thetomisotan ] 1 2 rwithhthe popendontdets 248Bnd groundsontacts 280 ate AGOseds
carried.on t 0 t he on tor 2 nter relon of the heat sink
500" et BRHE Prrectm AT ihe 2 HBIEET O eanmss i a2y TBRIGess a3 af Semaprials fepe gnd 11
tosdiregidiy a&ﬁ%cﬁt%treéeli‘@e theBC Qﬁ té Panfese E%br‘%nfa@ﬁ%@taﬁ@ SFouhd coﬁ:tlag‘; 2?(% (t:)o

illustrates an alternative cross-sectio view of the assenbl

syst em dlign with astoamtadt nofFéspondiig pdwer ande ghdupd obntatte 92ymttlm1ﬁcmz mrthéh@ndé i s
t he sane as i %Qassegi)(lay of the system10 in FIG 31, except that the
power c8feEyshgynip ¥hosed on the sides (72 and 74) of the IC 22, that

the power mefper ﬁng%gtgr @ggﬁyﬁlsg%%ﬂﬁm&@%ﬁ)f&éve?%@ Réven SIAQ tlé’zﬁl 1H‘ﬁ2@d12yA 10

curled arnms and hat the signa |nter ace 132 ectric
nat er i athat fitscvpathettopvef the ICARpk ehqwrgmdﬂéi Bet lethis m:hmcb,Ghéﬂem(ﬂmgw PCB 114.

The PCB 114 carries_the connector The interface 132 provides
cdBaci t FRAICIKAGRAP 1S disRased Q¥e %%méé Qfﬁhfelq £yt ﬁaowreanﬁésntfata menasteés Hat

the PCBZ% cérﬁatﬁl QBrrgs?t 12(?1@% felﬁ%{ é %gﬁgseh Pn eEéH sdEShe 1¢ QQ f\gteﬁén%i ffoe set

of the signal cont ormng one side o

i ndi vi deainectapat? inay also dB@dohdiderettBsdckét, hzaﬂlo'Mimen(Fl[GeHEem thfs chdegthe connector

cor respondi ng signal_ contacts form ng the other side of the
cap

i ndi vi ddbd Ischpwe upBek! to Teveal the %@af‘!iﬁ%gflt%Q insidsafdlgssacket. Asiastoskaty IGc2hdiser i al |

h t
Sronar S HRABRARILAD LGS 11G. B3 ThERkepy I EET TR SIS GRRRAENE he
cagpl i ngotheh MO e the 1€ zzcanziahe powdlertdng ghfuldd tddtact2 049, modmwhuaag:ommdt@nce

42 i s disposed over. the IC 22. The power nenbers 248 and the%]g{ound
menber sPQ‘S@I COP&?PFﬁ Rdlisnesed en ?Cbékqeé’é therles22a 8 this fess, the signals wvosilit bespondi ng

2(2)\,’\'8;5 P_ﬁo%gﬁ%tgé %g %? tl‘%gfgtto%azmc{glg a%%n?lﬂcoh?@ct&l l%%gu Z no ; Olglﬁl gﬁ t he I c

heat si ed(p 2@zﬁlce 942 GRycks g@nﬂ@ flolebdigptradsferied tm@ﬁglemtecbbttoﬂab&‘twnﬁedt@sl di rect
contact with the decoupling capacitance 42. 25 FIG 32 illustrates a

conn ect Ehe finse pewer Wémmt@r and thesprepwrhpaweiconrecios 28, Ahpwaias pdee 9rd he  sense
t Serve as ket with a ad ive t
LR ef oo RE KEBRLRe bRlee DR Fina s habol TS AP LB RS R 42 s o1
i's suitable fap, 38SBuMkdd 2 deMate MBI 2Qhat is formed as a cover suitable for use
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

25 style. In this embodiment, an external 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
connector.

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 IC 22. In

this embodiment, the power delivery system includes at least a pair of conductive plates 244, 246
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sem conduct or package of the type illustrated in FIGS. 4C, 5, 8A, 8B, 9A
9B, 9C, 11, 12A and 12B. In this construction, the connector includes an
ext ernal woan®3476¢ connecting to a source of 30 power, i PCHAISVABBE as a
pair of edge circuit cards, or boards 256, 258 which nay serve as

for " usetuEe RUHB 2 TR PUERVh oh hsA g AR o) S8BT f ¢ he
packagerhd Reo gfa&_e%&t &gm}éea bg%gm%&eﬁi'ﬁg_diquc@ﬁé/\?%%éébw%ﬂd%&}}/c UoRd 4 Ang 8% ot

decoupl i ng capaci tanc , preferably~in the rmof plate capacitors t
i ncl udethicksiessneftwlpcdweray be ohdsan tspidditicarndrtgin cuputitanmeitastose fficiedilppweptnect or
112 has a recess, or cavit that is forned art of the connector 112,

, as
wi th t hSHRSWRIMabAREIRRRS, o1 &%&“ﬁ?‘&d?ﬁ&‘eégnt%échn‘g%u}ﬁ%e @yepti2ag provided ga
the rec t ¢ N saan
apor opr | a9 REPLFeBEL EhSHorR o RoRARNREAs 8 b ana I RES TR ICEATT . (e
power corhtaica abdbe, alncpayvar dolivery systah inchidds & plurality gficortides, 208l 250nitbch may
correspondi ng power, and or_ground contacts 92 on the I1C 22 in the manner

h
gener al I¢luds dpigriaced power and gropnd @awgEfBR) contactsdhatextend putwasdlyifepm the a

| . . . h
1 52 oBUR AT RRE s Rrelng Rl g K packhf brofby B e Sl 8a 8! Lnce
42 is dbspesciisiovelllustisted, ophebBthey ehigige kéhtaddts 30BIfdrined frothe ICaTHe 00d pRGS

nenbers 248, 250 contact corresgondi ng contacts 92 diwsed on each side
oflOt he P@.296 apd peitiqns pl/ibe gontagis 248, 34 ate typicallyeneapsulgtedonphewiseingided a

socket “?tginsﬂlo&@?rl& i‘@u&gg%%ﬁ eﬂa[‘ sh%\Lz?s acﬂﬁs% ot he connector 112 is shown

uprigh"t reveal the urés agn e 1'nside of the socket. As a socket, IC

22 fits intoThér contabreCusr25Dkie fitmsd each bf fhe@vo Plates aa, 2 Mdahéynéontact
capaci tance 42 is disposed under the 15 bottom 70 of the IC 22 and the
power ah lgmagkagec disspkodmment ipsintahlgifer wss i serabiaalioneyith adies ginkdagkeshown)

Y

cqrduct giid theGReseninBidlestid Rl e D0 adpacioenituldolageried2 s igpation bf dehegd ng
transferred through the bottomof the connector 112. The first power

connect &ink a8y exteandithrougle fahepepingel0s dafnirentast Witlsg heat genasating sutfgee efdhel 100

connect Qrs, connect, the voliage,potential apd ground tepti,al to.the

Gecoupl PhoeEnRsensnictiond & il Bl e ARt BN el %0 AlinRe apctinig e 112
that i seftdBswasn theIQ\HRAL gedbrhfiRd Surf4 ¢ aniBe hehtlsihka Level Two seni conduct or
package 62, as shown in FIGS. 4C 5, 8A, 8B, 9A 9B, 9C, 11, 12A and 12B,

and the connBES.GYS is a2ectippalodew oh 1@ cide utawitisihpildwier inswlatingtlaysh S0 notrshpwe,

R T O R B o s S N e e R e P T
means f@éliv%%ﬂ%%%ﬁ.nﬁs §Rovh BIGUGE 85,Ghe RVRnshRtiRE RYLORD dblts doliRsd 186 BpOf t WO

pi n headers 2 258, each of which include condictive pins 255, 257 that

ext end 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 248,
250 are positioned around the perimeter as illustrated and this arrangement reduces the amount of
25 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
various locations on the IC body. This is accomplished by incorporating multiple, distinct
30 capacitors in the cover member which are formed as individual lower conductive plates 310-313.
Each of these plates is spaced apart from each other as illustrated best in FIG. 37 by intervening

spaces 315, and each such plate includes, as illustrated, individual contact members 316
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outwardly fromthe cover, or upwardly in FIG 33. This type of construction
permts the power to be conveyed to the package fromthe top. Miltiple
conduct i womapawpe or plates are formed in the connector. PBO/USHIR058%
illustrates another enbodi nent of the present invention wherein the power

over | nixEading Merctror RARHE B8F adkivarlyEnGRlieh ifemostin MELrohBRl Wik Fdeet ot °
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intervening dielectric |la 300, the dielectric constant and or thickness
of vt e BE disisiiaays 55D 5o fuab e Towfrlpies LS She Seteg S seralsd fiogh ont

power t ] O I r . econd
o P BP0 AL ARl BY Al BTk B gt 000
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t he power delivery systemincludes a plurality of contacts, 248, 250 which
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ext end Yo | : . '4#35 he
| C pac kg%g%%@é%{%rsgﬁ%&ﬁ?%g%%%%aﬁ%gt\}}grggv hggqlag&\é’{&g%&ﬁgs 1!1%%5;% ugﬁeﬁﬁ ed,
wher e t bépaisngdagmctdrtphtésinIbSerhbodiment of FiIGe32.C. The two plates 10 264, 266
and portions_of the contacts 248, 250 are typjcally encapsul ated or

otlfler i se noFHed0 HpHtRe tiRswe g}lliltaﬁe ples (@t theupet alatedad adapersing

pl asti cg;.1 . i s 244,
Dt and i RETRSRT B BEd S of Bread @l it SRShsley ERCer PorlchQ e RS e
i N conbpredéralsin fovinidd feorh edtier o didedtriobr dbsritylly iasutative nsdterinl. it thissypdef
provided with an opening 305 that extends through both plates 244, 246 15
and t heStryntwestba muerl taktorms the coyerposiien hiZgwihigll thevptervepmglsaasesAlf ayer
302. A i i i i into
cont act DRt ool BpaTR plafis TR, THE Bl S 6 R RRE fehbtri hd

camst r uglso dapartially bbsdled avdtidinchd cuyenportion 1 Mhyr lgy be édpdsed iithin Nsdriee of

openi ng and extend between the |IC heat generating surface and the heat

si nk. Flats 39 fpunegd therein soras|to ppteipdyly lmigthezpring aetia; afithe ¢patackndiIGi A& i &t i ng
| ayer 302..n h f ' ' [ he. r el.ationshi
bot ween SCHBE FGE8Pine §yPhelf oA iy A HIG 4700 AN 38 o bOfich B HG RO B 5o

in Fl G jt3embéding @1vRin d ddvet Rirtiow 11 Y RhthIBiE st 169 Posktile td&elivedifettnt ace
22a of the IC, and additional, but smaller, openings 306, may be provided

for pur poléagss tsf diffgeeat partsredithelbo sughgs OR1\G 1.0, 3/08sandtse anhe end of this
section for tgr.clarity. The .contacts 248, 250 are positigned around
TR0 pori mot ef T 1Bl et BRE SPrbtn oi pE bR BRI MR ot 25
force rgaweresysicais dfMBEHet@R irveatidE MAVAGEG. 39) thb3bndubgveplaicachs 2aBasge the 1C
al ong a horizontal |ine
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 248 of
25 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

30 arrangement further permits the implementation of a first mate, last break aspect to the power

delivery structure to reduce the likelihood of shorting and arcing occurring during connection.
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of action, rather than a vertical line of action. FIGS. 36 and 37

Il lustrate anot her enbodi ment of the present invention that incorporates a
power delwoasy3sgapply that is capabl e of supplying nulti plPeTarsd2/si584 i nct
voltages to the IC at various |ocations on the IC body. This is

acconpl i shed jncorporating nultiple, distinct 30 capacitors in the cover
menber whi chFﬁd-e‘lOrlﬁPwaesaﬁghiaﬁaﬁhﬁ crbadimegial 2nonanelivee pisismeeonsacted m

Each of a¢ BesRcOlith B hrincRacadnep@idnt ifyef e pB%ed st in
Fra a7 Gy el bR pincBAC G nGRRtin: W GRGRCRLIEE pBRcl dNEh Ghelh 35

i |1 ust r adchdes thael capacitor ptatest3H &) 3 IPeanided2d vaiiéh aré 2epafat&BbY ket OéhimE dieldShie/ 30589
extendi ng therefromoutwardly and downwardly therefrominto position for

cont act Maferial kayers 30932301 heikep and hottopteapperios piatesdd 8, 2D aie trHereprnegiedyi ous
emodi [ e b DAL W - .

o TR SN AUkt Aot s SAPRLE R
I nt er veint¢rgortieeti@cire iivldted/atd s3piraed fiohathe infiddlepodnteribbdapacitbl Prasd 32 10by 4 he
system are separated from5 the upper plate 244 in the vertical direction

by the fRiCHEyh¢lpRzanfec2dc Setsof thgesontasts 2486220, 825 gwparangedarpynshibe Renmesteher

D th . . . . o . ; A
the spaceBegpertdifel) §RRaPor Eod g tbltefond LOMELY SRVEIC Hsiabbdeg  gPls
nmay havpower dedivE9Spsiastiin this s@firdndttie prepiopatdrms assyaRicdhsdertd & @W dspect @s & hat
the connector wil| support four sets of pairs of capacitive plates in the
ertfodi niedulsiduptegts sipucturg which maysbg insertadrintocovenrand saekep mepmbersiabke. pihig es

4t he. . ; o . :
ncaps uf aRaTlr P Be ERnBRR B ALUGRL P BELE 48 Brapd b oS TR of or i

fornmed tloagated,cheilevered 6 Rtlbtvs arr@ hoRioBS B60 that khat birrbehbddwievaalyemdalighthyn
this type of structure, the material that forns the cover portion 112 will

fill theawasdlyeandmhich tepamate i frse ensbportiens I dhateigine magneantast agm perdigns 362
310- 313, . The pl ate-cantagts 316 that. extend erefrommay 15 al so be

oar t al PSR RaReaBi N §orid b Bl SR I S NPt ZoBletepesy
a 13€er i es6Pthat EluEStoTkect BE UBktaétRATED sile ofthell0/gakagéndul y 1imit the spring
action of the contacts. FIG 38 is a sectional view of the power delivery
struct ure of The Ge3rf tyvauigsichpagior:plptes i this eotbolinggnt Sankipg therinnes capacgor

nbeddi i t hi . t] 112. Wth thi t t i i t
del 1 ver P s hfetect 8 ersBEhg ieodt Gpasiebed (b8 aftobpfitd {ePatlronnBRFRA © 1 °
1. OV, - the@ereitdd SRR arcdbithGop 38d bbttdi blabdse In 8thet REAR! WHh BRNEMBSdiment, it
arrangenment that may be used wth the power delivery systens of the

pr esent isippsshleito mcréase Fle@apBPanceviand ancint suppepiohhe $Cpinthe 2@ lzrizontal
ilJustrated as separated by an intervenin jelectric |ayer 300 .and the
i act Sirbips s R CLEE S soPRFLE WO GREI oM S RS PB A OE Used

appr oxi gRte thé S gRPAACSIITMRE] ShOunt BYSpdch SvARBIAR 1R Atit bodralolRBstalick§ er ent
contact locations in the vertical directions. As 1llustrated, the contacts

248 of where the IC is small. In this construction, the capacitor plates are preferably vertically arranged

in either a Power-Ground-Power or a Ground-Power-Ground order.
FIG. 41 illustrates a power delivery system incorporated within a cover portion 112 that
25 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
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

30 body portion thereof for mounting the assembly to a circuit board and further has means 256, 258

for mating with external power leads to supply power to the decoupling capacitance 42.
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25 the lower plate 246 have a first length and the contacts 250 of the
upper plate 244 have a second |ength, wth both | engths being equal as
shown, howewst3479he contact arns of the contacts 248, 25@carusozsosanged at
different el evations. This staggered arrangenent assist in the reduction of
forces required for_ insertion and renoval of the cqver portion 112 upon the

IC or its paEKayet4rip illupirate anptherembedingnt ebihe peasentinvantion gnyhichiga IC 132 is

| C/ Kk ' i t
por m ¢ s et ockEbsfle shitficcldr 132 vREH A e Jetblo i ApAGRRCCR hebiBpl L,
del i ver shefdifi. Uak itiBtraedy thel ssoket doankdtée] 2o adtambulaheor dqumng idBkhparafd Rgs a body

occurring duri n%1 connection. -73 WD 03/034799 PCT/ US02/.30589 FIG 40
i |1 ust r Bereien 4PP fthat irfgrmed frempadiilitn of sidesvao gk thakgqopenalively defng & esnttal uct ed

02 SR BB S5 o 5 RO 0 w0 o,

whi ch awBezaPhedt 8fs Y tHertieni BOArdGn Eorhdt &lithi ontabBloe tdrmlindl g%y, JFBOU6.328e
The top and bottom capacitor plates 318, 319 are interconnected 5 together,
pr ef er aB¢opupling ¢apieitasreld inglndes p phuraliy efidisgyteicapasitorsivdcarhef whisharay 320.

These poi,nts.,of interconnection are i.solated and separated fro

i dal e SRV iR g e ofafes 8 AR R ANEH-SE ph IR Lpsr
Sets of sHowige Acaiveaplate DA4&nclddd and 36alothe IE@MWitiY B soll BehricbRr PEZ.i et er  of
t he power delivery systemfor contacting corresponding contacts on the IC

orl0i t s papekiteye 40X rreeivp dhair payedr ifipat § pevyen supply 06 mayntedrinthegircnii dopideddodiys

forms may be, cons) r iLh one _aspect a,lo dule due,.to it tructure
whi o gy BEURREFRG A, ae BSnRH R o ol tiheibPuction uo o peel ipat
|| 1 ustr gb@sug facesfihany (kOITs 1 I8 thevir@lit bdued gegt act s 248, 250 and 325
whi ch have ‘el ongated, cantilevered or bellows arm portions 360 that that

are bent dowhherapagiternd03 hieghediyed withimopgnmgsrid Owkich las sletspphepteninigs, thatege end

ortions. 361.that .define.inner, contact arm parti.ons..3 of the contacts.
Bach SUGRPESHLREE B BRIET O s Bk SPRTFoRb SORMAIR Ry ity CAPESTEG BonFaBes
syif acecden@chal Bacitsrs 4s SbwWPin&168Ci4- 4B avIGONh@Eie d%&ltbﬁfsvg %viﬁ:%lgﬁisqﬁ 1the

| & package. The use of two outer capacitor plates in this enbodi nent
f | anki ngornieetiommeposeapadiip-type qapadtitorshd)s. thherdsf foeascommodatetiesss laags #hk thot al

capaci tance of. the decoypling.capacitance because. of he.i ncreased surface
area of beepartign el Al ey S BB inplyde Rasseeee Ctompd thetaln WhihISHYRIAE, i
| S possleQ%@so_téé tb Aefifdm lbtireprGﬁE%Htl&:U‘Qﬁacéﬁ cﬁd{ftﬁ@ﬂickét%ﬂhéc%& (Pichg) O in
the same horizontal 20 surface area provided by t he connector body portion

Thus, sThébadycportion sidewalls 46dymigehavs atheighhsr & tb Hernde sligin e¢cebsathatawili i t ed

amount of space available of the ciycuit board, or in instances where the
| @0 s saRePmmqdate pcat Eer@?rrwb%nﬁuc ﬁ%ai‘:‘%?é E‘E‘&QP- i tERe O ONREETIRBLPS

e BB LR 80 VIR R SR oy
i ncor podHl & prefedably spacsdvapart i eaeh oflik? atonad 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.
25 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
30 which are shown as wire-formed leads having a general U-shaped configuration which terminate
at one end in a loop end 507 and at the opposite end 508 in free tails S09 that may be soldered to
the circuit board. The wire loop leads 506 pass through the sidewalls 504 of the socket connector
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25 fits over an IC 22 and the cover portion 112 has been rendered
transparent for clarity to show how it engages the |/ package around its
peri met erwORB@34798 il |l ustrates the exterior of an assenbl @dTIUSop3aBsRAEgE Wt h
the power delivery structure incorporated therein, wherein the decoupling
capacitance 42 is held over the IC by nmeans of a cover nenber 262. The
assenbl @1 dapd IQ%E%?%?FIWV’] gd lﬂtf’iﬂ?ﬁit%elﬁ@il@gg reppgeture Piithesossetseapesirandon

t her eof 4f i : i i r ans
256, - 255 Hog AR S0P RECEEDNA y Ruhafihf Eblhe (BPNH B Litbe B eI Ral"™
decoupl totgact appthcthé Bottem 42an 1T st dlid{OBé sQkePEChheis02/ THRS Thped! Adbured4 1100
illustrate another enbodi nent. of the present invention in which an |C 132

i s hel dPefiphPhth temrd 08Py ddesdpirtadardant oirgyi Rath tedle {handigled lawarnige

cagaci t 4Gl drIFOIRRIAeHa ddSEontSerbl HRUEA Sthve h0F GQFHEL Gionnect or
112 is rectangular or square 1 n shape and has a body porflon U that is
formed fgoweratepminaly’ivibictoire atrdeyudlih @ p4dm] dradrag Glodd enednmpasdey addirality of
central 5 opening 402 disposed therein that receives the | C 132. The

openi ngseond, pagferablynanpyvRgerrinals S50 #eangedwithia theinderios of theraeanegterc uj t
board i \ ' 9 E - upling
capaci t BSARRB A Which ERRSEorme ash Kb K 8Pl wdohting oy §6g. SREY

whi ch nBoh-peeér te@iinale 656 ainy iNclhided3dG A PGA f BEAS BiringohfigBSintl chealiliy, opr i at e
contacts disposed on the I1C 132 (not shown). A cover plate 404 encl oses
anf seal s t hAnjmegicamich frame 546 eaytbedsovided aspant of the paskagy and pis innsr Fawe3

ocer ves ki NTHe LoRHARRYE URAL I AR5 TILE 10 1E Gy Blpd ¢ board

406 by ~“way races. € I ncorpordation heSe di scret e

capaci t gdcsnminiddatel the 16paskie bf hewieCleds 506! e Fratfe S10ak#y seisrbAided adiflutthed C 132
on the circuit board 406. The capacitors 403 are received W thin openings
410, suwithaecesieatrds that ceglessithgloop endg SWrand vhieppesseidt themdndeflastiyndesithe ons on

t he socket ..co acitors my i

t i.d I.Is 401. Th | ud 1
Convent It CEE o s T SRR e fto eSS 5sBof aPeind, (it WEe 163206 i ve
wiike | eads bé bisifyQarkianea tibdedid 10 8658 a®parEHf Ar SWeREl GARAGHIS ) 2dInay Be
order to accommbdate these |eads 411, the body portion sidewalls 401 may

f ur t her farmed inlalterpate duepsiong frant thatrabdwn hie prslentodscethmodate itheeposiiion df geedi€. so  as
t i i fi | f .th t. tor.

(21 & P Mo e 810 i e S wr BB RET n RRREY st S S ERERPISE BT or m
a sli ghins&?S?évserﬁlBﬁﬁngysb kha? Qn REEQHE HeP BB SR sért A BasERIPRbr pSHHER oS @

heat sink 200. This type of connector may be fastened to the circuit board
wi t h f atiesnekes cdriectof ROGIngG0. ) The capacitor-receiving openings 410 are

referably s ed .apart from each other. around the perineter of .the
PoBert aol & SBRS 3% B Rfatescmothst Moy imuichahe Herb crreprrS drte teoi ngs

{ Egt | g Of S ARRANEr feQdd ACALLRINhRDugRElofll 4F08h &M e fRAYE M RO RERMetRr Bbdy fébRal s on

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
25 their leads in order to hold them in place within the connector body portion. Alternatively, 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.

Lastly, FIGS. 56 and 57 are underside perspective views of the cover member used in the

30 systems illustrated in FIG. 30, which illustrate the placement, in an assembled state, of the

capacitor plates 244, 246 within their outer support members 262, 264.
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25 FIGS. 51-54 illustrate another enbodi nent of a power delivery system 500
constructed in accordance with the principles of the present invention
wherei n twe ososutertor 112 is in the form of a socket 501 Pamiush2/seEs9 a
plurality of discrete openings 502 fornmed in the sidewalls 504 thereof,

each of which receives a,decoupli tance 42 in the fo m of .a_chi p
capaci t or 501515]11e speeificpiiou deseribes,apg ﬂgq fcg"g?s I:llé%ltffte E‘PPYJEEP Brécﬁﬁ%‘%té?s\ﬁf th

this enpadidfentd aﬂgo&lﬁl%nds%@ epﬁ&@nﬂkverﬁﬁn%g}mﬂﬁ% &Qﬁmcteﬁstwescﬁb%rmd
| eads having a general U shaped configuratio Ich termnate at one end in
a |l oop m}cbrﬁa@hnaafdhmpebﬂﬁ&amppmhbwnemmﬁ@& figuré mag bt aoinbindbd Withlaaly feayreloe

soldered to the CI rcuit board. The re |.qop. | eads 506 pass throu t he
oi dewal $1ETaREnIsHE dE3cabED i Qtbstnar évﬂe speeitigation or shorvyt 48g-plhes @851?9 112

ang mayg fed )%@ t ket
connect oa?[?e Sﬁﬁfﬂerhe % % Ié%ﬂ;% %?? %%ﬁlrggft ﬁka%g%g%t(ﬂ?ﬁl |Hyé("‘333‘/fét? % Fkgteglggt hat
t hey wi bf povedt deBidreaystatas, él witk e appleciatainhatcthe piekdnt trhfenbmi , intay befusad fdrC

inserted into the socket connector. The "l oqped' nature of this portion of
the t er figwalitrangfer mtbwd@gwflwap&cwd&ﬁ%bﬁm&wz@@f onggflwntp@r PHRACE: and al so
lowers the Synpguft ?r@‘fe?r @fen{tiaﬁuﬁe%'i BF B3lifvednth hi\R b%}éx?gl?d PRSGHRRA: it i
| eads serve as a set O , power” termna Ich are artanged in
a patt eberapparendid ihpsd Mﬂedﬁﬁﬁmmaﬂlﬁt%ﬂlaﬁgﬂ| and ahodifycatibns ﬁlagz baehadpriet@nabl y
non- power termnals 550 arranged within the interior t he connect or
r é@e pt a¥itboudslgpatking frogkthg spirih o’é@ﬁ waventig thescope el whish |1@ftf61€dhy theRPPEYdsdy
CIrCUItcl d. These . non-power term nals 550 may includes LGA, PGA BGA,
spring contacts and the like. 10 An inner carrier frame 510 nay be provided
as part of the package and this inner frane 510 sits within the socket
connector sidewalls to forma support for the IC In order to acconmodate
the lop ends of the wire | eads 506, the frame 510 nay be provided as
illustrated wth recesses 515 that enclose the | oop ends 507 and which
permt themto deflect under the insertion force of the IC when inserted
into the socket connector opening. The wire | eads 506 15 may be easily
stanped and forned at | ow cost as part of an overall carrier strip 520 and
may be forned in alternate directions fromthat shown in order to
accomodat e the position of the IC. The inner frame 510 and the sidewalls
504 may be forned together as a single piece by way of insert or
overnol ding, so that, in effect, the inner frame 510 serves as a base, or
fl oor portion of the socket connector housing. 20 FIG 58 illustrates
anot her manner in which the discrete capacitors 403 have their termnals,
or | eads 44 extend through slots 430 that are fornmed in the connector body
portion sidewalls 401. In this instance, the | eads are connected to
termnals and the sidewalls 401 surrounding the capacitor-receivVving
openi ngs 410 may have excess material added to them or
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may be configured in such a manner so as to facilitate the heat-staking of
the capacitors 403 and 25 their leads in order to hold themin place within
t he connewOD®s/obUdy portion. Alternatively, the discrete eepasor/snssd 403 nmay
be conpletely encapsulated within the sidewalls 401 by sealing the

openingg 458 ﬁfth additional materials, as at 440, or by nolding the
capacit | eads in place wthin the connector body portion. Lastly,
FIGS. 56 and 57 are underside perspective views of the cover nmenber used in
the 30 systens illustrated in FIG 30, which illustrate the placenent, in
an asseirbl ed Agicater comiectdndor supplyaigtpowep toadreinte@dted Arhtfitydhe lintegratedicircaiut er
support nenbers 26%, 264, -76 WD 03/8%3799 PCT/ US02/ 30589 The specification
descri bes anB®tihga PPE Witk oppesing topead Raltgm suiacss Bt HRANEIARIRAERYAIESE of
the preferre i t I ] i 3
characterist?ggﬂgggkﬁﬁgﬁﬁf%Beg%%“%ﬁ€§§g%y&%%%?%gagb%§p¥%%g@P%ﬁggg&g own in
any one fi gudeposay therean s poakr wonrtectanyorhpdding:e or characteristic
described in any other part of the specification or shown in any, other part
of Sthe 5 same or &R fleelrisatly imsyative badyporiomwitian Hiteakaed Arguiaresibipg recess
description ngﬁo 8‘?15&%\’511 fob Félefvﬂl%t s%{dﬁﬁtarg&ftedoai’Xﬁft tﬁ&éih,"t@@%‘ec%ﬁ’ssﬁ at 1bdst W ! |
be appreciated that the present 3 nvention, nay be use or sighal transfer
with the varpatially dpfvedityra gpdeatatbmbaberglependat down fgrmisaidroopreci@rbsdnce .
VWil e the preferred, enbodi nent of the invention have been shown and

descri bed, i PORHopy saidyeecess hsingrimensiqned s ag o erave atdeash porton ¢fgeidchanges

4 rodifi . . . _ St rit
ot the i nveni Gl RlodErBRAPhHFLR Bodd obhcliiths SRR VPRl RE-hif HRLE
- 10 WO 03/ 034799 PRpdivkiSkaér36ib Begraledimifh: saill. congutortbiod¢ ponatior seleetivalyppl yi ng

power to an integrated circuit, the integrated circuit having a body with
opposi ng t opdispRATEIHE PEWELIrRicatetatsk clighE PPeR¥EhfBEt ed by at | east one

side surface, the,sh8:sWrtasfichle BAhHalUAHEAL HnFLAEHbbedBYAg: fonduct i ve
traces disposed gRer aon, the power ‘connector conpri sing: an eTectrlcaIIy
i nsul ati ve begiyosiivhttb @fidhtefratd dirdiie gérafuetiveCtraces)ithe teffidhléicoftat@fessd

di sposed thereon for receiving said integrated circuit therein, the recess
bei ng at | eadttegrpfad cirenit qonduetivedercps wherssagbpewdr caenastr idelpesddivegsaidwn fr om
sai.d connect qQr, bqu .qution, sai d recess being dinensioned so as to

r éeive at | HUeglg 6g'f'on of said integrated circuit therein when said
power connector is placed over said integrated circuit,

2. The power connector of claim 1, wherein said power supply reservoir includes at least a

pair of spaced-apart capacitor plates supported by said connector body portion.

3. The power connector of claim 2, wherein said connector body portion includes a plurality
of sidewalls extending therefrom, the sidewalls cooperatively defining said integrated

circuit-receiving recess.

4. The power connector of claim 2, wherein said pair of capacitor plates includes first and
second distinct conductive plates that are spaced apart vertically, each of the first and
second conductive plates having a surface area that extends horizontally, said terminals
being arranged in distinct sets of first and second terminals, the first terminals extending

5 downwardly from said from said first capacitor plate and said second terminals extending

downwardly from said from said second capacitor plates, said first and second terminals

-78-



10 a power reservoir integrated wth said connector body portion for

sel ectively discharging power to said integrated circuit power traces;
and, a plwpaBios479of conductive term nals extendi ng from s&Cu/UsonsNss9
reservoir in opposition to said integrated circuit conductive traces, the

termnals contacting said. integrajed circuit conductjive traces when said
power connect ?’llﬁg§°ﬁﬁa Rt Spg’é‘? t%fg eP&r‘i@@ﬁcagg?f ﬁ‘??%ﬁi*?o@.teﬂméalpomr
connector of .Gli&iFotion¢BEihg dlkpsddyiRaNELid 3éRRY. Y reservoir includes at |east
a pair of spaceé-apart cagacPtor ﬁlates supported by said connector body

portion. 3. The power connector of claim2, wherein said connector body

portion_includes a plurality of sidewalls extending therefro t he
si dewal Ps coaggpawr\féang)efa@quﬁm@ 2F r%f%?@@@&fp&ﬁ?%?ﬁ@m&&’wﬁb recess.

4. The POWer Bk 8ace tnf I HiBaviat D BlefkHicifkerigtal r of capacitor plates
i ncludes first an secon Istinct conductive plates that are spaced apart
vertically, each of the first and second conductive plates having a

surface area_t hat extends horizontally, said term nal bei ng arranged .in
di stincf- set ﬁlefnowrr%oem%m%r d o> Wé‘ﬁﬁ“h%ﬂl%grsf FAPAFHTaate BICH s P Blual o6 ng

5 downwar dl y g géﬁﬁr?dlsdaxfdrs%{ﬁ %??fgif cl;a'gﬁcﬁfor %Peaﬁ'l:ﬂxﬁés é’fgjlﬁfag S ddetmaand

termnals extending downwar m sa fromsald second capacitor

pl at es, sai dsdid ffisdt and decoad comhirdady bainpdisposed &dj¥EnDS&Hch 3hed AoRgEA ST s TR&
havi ng contact portions disposed at free ends thereof, the first and second
termnal  coAthtacopbPResns being di sposed within said recess. 5. The power
connector of claim2, wherein said capacitor plates are separated by an
intervening space that is filled with a dielectric nmaterial. 6. The power
connect or of Tat pobwertconnbrsraifitlfini 4 whiefeid saidfifse b dsecpndteminaliontt@s pértions
plurality of first term nals and said second capacitor plate includes a
plurality of asapased apait fioppgash othen pejag mﬂgﬂtaatrfhffgr@etﬁmtatctegaﬁeﬁ af saighteggated

di sposed adj acent each other al ong edges of said first and second plates.
7. The power “connector of claim4, wherein said first and second term nal
contact portions are spaced apart fromeach other so as to contact
different contact traces of said integrated circuit. 8. The power

connect 8r of Tbe apywericonhegterdclaimdl, fitthey ineluding meansdermeasedting saidipgwsower

reservoir to_a power suppl he power reservoir connecti.ng peans.incl udi ng
ot Teast one R oTp o PHNE tirale BoENE oo BROL P o5 BB MEns RO AR A caftouli
board i ncl udiRéhiebddkrdEbhdiNg #6m said body portion, the circuit board including a plurality of

conductive traces that define circuit paths that lead to said first and second plates.

9. The power connector of claim 1, further including means for connecting said power
reservoir to a power supply, the power reservoir connecting means including at least one
pin header disposed on a top surface of said body portion, said pin header including a
plurality of conductive pins that define circuit paths which lead to said first and second

5 conductive plates.
10.  The power connector of claim 2, further including a third capacitor plate interposed

between said first and second capacitor plates and spaced apart from said first and second

capacitor plates.
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conductive traces that define circuit paths that lead to said first and
second plates. 9. The power connector of claim11, further including neans
for connewDIBM3«E9e d power reservoir to a power supply, tRETASOEB0S8ESEr VOI T
connecting nmeans including at |east one pin header disposed on a top

surface f said bod ortio sai |nclud| | it

conduct i 3e p?hgpf’ws CORBFS or}’éﬁl %dpﬁ'b’sz ﬂ%t‘ﬂ%: third &gn ‘%tlé"épgt f gﬁll
second 5 congugleby 8ail lfiddt@fd sékBnd I&ﬂu@@@ﬁla&@ﬁ&ﬁﬁ@h@éd artGodh Bid firdt Yhd her
including a third capacitor plate interposed between said first and second
capaci tor pl s¢cesd apntluspecpldteapart fromsaid first and second capacitor
plates. -79 WO 03/034799 PCT/ US02/ 30589 11. The power connector of claim
4, further including a third conductive plate interposed between said first
and secgpnd ccmé g&%bx"&nﬂéé&e&f&d}ﬂ 19PAELiIAPRIs] mftéroéﬁlﬁgilglpqcé s’ kinddBktws&rond
conductive pl at he power connector of claim wherein a first

i nterveni ng sqnd(ﬁest|csndlwtwnpkatdmﬂmﬂrthlr¢ aomﬂutmvesplate(an(ﬂa(seaomé igkveming splacgai d

third conducti te and sec ntervenin i s defined between
sai d second bso‘}r%@g‘% F"Weﬁq‘ sl S%?Hﬂgg%ﬂ CHYH 913688&3‘85 l(f’ecoﬁ‘fj'é‘ftlé’e plaie.payd; fir fg@?
and second i pf £LAGRE Hﬂeﬁ(%ﬁﬁ]ﬁaa(?%%éﬁlhédﬂ%tmhﬁle%ﬂ dheghric mierial. 13
The power connector of alm 10, wherein said third conductive plate
includes a plurality of conducti ve th| rd term nal s extendi ng downwardly

fromsaid third conductive p] third term nal,s havi.n ont
porti on%gf or TBHRPHER GORGeLes <§f C? é&ry grgincsapd e cergigtive pipts marl %urfhty The

power connec o]

t hat each shgﬁonﬁﬁllr g?n@#éwéﬁﬁaaﬁ%gﬂwbmgf% rs%ﬁl@%ﬁl}cﬁgﬁu ar‘{g(’iaﬁ\g %’g}é%nd
t erm nal . 15thifdermiawi havinp oeathetportions fex dasnfhctmmmceimtegs:aediclmmarondumpby
reservoir includes at least first, second and third capacitor plates
supported by!8%Sd connector body port| on, the second and third capacitor
pl at es bei ng spaced apart fromsaid first capacitor plate, said term nal
being arranged in distinct sets of first, second and third termnals that 5
respect igel y THepewer donaeotecgfetainf13swherefn sakl third earmichlone atrBhded soaRAhdtor

pl ates. 16. The Eower connector of claim 15, wherein said second and third
capaci tor pl 84 ad@n@wé@e@n&%byaﬁr%mr@mm megecopdfamimlal |y. 17. The
power connector of claim 16, wherein said second and third capacitor plates
are differently sized and have different surface areas.

15.  The power connector of claim 1, wherein said power supply reservoir includes at least

first, second and third capacitor plates supported by said connector body portion, the
second and third capacitor plates being spaced apart from said first capacitor plate, said
terminal being arranged in distinct sets of first, second and third terminals that

5 respectively depend from edges of said first, second and third capacitor plates.

16.  The power connector of claim 15, wherein said second and third capacitor plates are

spaced apart from each other horizontally.

17.  The power connector of claim 16, wherein said second and third capacitor plates are

differently sized and have different surface areas.

18.  The power connector of claim 2, wherein said connector body portion has an opening

formed therein which extends through said first and second capacitor plates.

-80-



18. The power connector of claim2, wherein said connector body portion has
an opening forned therein which extends through said first and second
capaci t orwploawag99 - 80 WO 03/ 034799 PCT/ US02/ 30589 19. The Ppowsn2/amssnect or
of claim 15, wherein said first, second and third capacitor plates are
enbedded in said body portion and are insulated fromcontact wiith said

i nt egr al®d cihenpver iopBertarnf ¢lamdewherein sgidsfiist, secgnd and thing Gapacalgr alegss are
circuit. 20. . i rel hi..€ body
por 1 on’ def; SCREN ki BARAK, g & Mellafed SIFBh L SAELORRRERET AR )|
A power decouwpkn Bgd comeeetor &rappliedioaitbinfegrated @dgoitt ed circuit w th power,
the integrated circuit having a defined shape with opposing top and bottom
surfaces which are interconnected by at |east one side surface, the bottom
surface,t her ' I L ural hty. of . i £ 1O f

cont act Phg. coRabeidihdecte iRtk fl ¢ OREEL  BOL b h cover
connect sai dniefibegihat 8@ over fald intdgeaté&ddietuiti rcuit board, the decoupling
cover conprising: an insulative housing, the housing including a receptacle
formed therein for receiving said integrated circuit therein, the
receptagle havin I one.defin sai.d r | e bein

i mohs Bhed i har SberuBRE FRBE 5 Proiite 3 9Gre B AR EORLE Bt
surfaces of giaédt haVirROd @éfR@d ShdpeWwith dppokiaE Fop an@bdREmf SAFfaSesPMivh Ag

electrical power to said integrated circuit disposed within said connector
housi ng i n t iderbemmecisfl by atileess Ppr s\g sedgracihe datemsptfesgdberephineladi@ghiousi ng,

the decoupli apaci tance bei.n apabl of s | vi ng. r.edet er.m ned
vt o - DoralfigBREARTE b AR 4GP BRicTing CoteR it B R R RRUEHE [P0 oy
el ism nating tdieB@ethat SerfdUs bodrectiaSTmedoat &PMIRNItIY BAH cREuiPPostditHe Ci I CUi t

board in proximty to said integrated circuit; and, a plurality of
conducti ve pdessupling enventempriggairt ed by sai d housing and connected to said

decoupl i ng capacitance, ..th owe erm nal s ext endi from sai d. housing
o bont St vt nas Hatsik oPie e dFELF emisiiR AT TReki T TR ATl o
cover is pl aceRifVald Sfightéd$iRAARGEnCINE Foblchtacié AavihP Gt RAWRhe HemRidRIdLE 9
cover of claim 21, wherein said decoupling capacitance includes at east

one pair of sphsadireapptatle beipgdinmensiopkdtescavpatdeasta poryion aif daid tomactane body
portion. 23.. The power decoupl i cover of claim22, wherein said pair of
cdfaci tor pl SHESUS: ¢t o %%fwgﬁgﬁagﬁﬁngéﬁﬂﬁW”distinct conductive plates that
are spaced apart ygbid £Rklpplyihg Blebtris@ifdwer Slsaid integrated circuit disposed within said

connector housing in the form of a decoupling capacitance embedded in said housing, the

decoupling capacitance being capable of supplying a predetermined amount of power to
said integrated circuit for operation thereof, thereby eliminating the need to mount
15 discrete power supplies on said circuit board in proximity to said integrated circuit; and,
a plurality of conductive power terminals supported by said housing and
connected to said decoupling capacitance, the power terminals extending from said
housing into contact with said integrated circuit conductive portions when said cover is

placed over said integrated circuit.

22.  The power decoupling cover of claim 21, wherein said decoupling capacitance includes at

least one pair of spaced-apart capacitor plates supported by said connector body portion.

23.  The power decoupling cover of claim 22, wherein said pair of capacitor plates includes

first and second distinct conductive plates that are spaced apart vertically within said
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WO 03/ 034799 PCT/ US02/ 30589 housing, each of the first and second
conductive plates having a surface area that extends horizontally within
sai d houswog3/osambel power term nals being arranged in di stipaatuSeeBessof 5
first and second termnals within said housing, the first termnals

ext endi ng downwar dl fromsaid fromsaid first capacitor_plate and sajd
second t er mi AAHSEge KRRt “ﬁbWF?ﬂdf‘mﬂW‘cﬁﬁﬁegﬂtﬁ B}gmas%}rfag%%%ﬂtﬁt@é itor

pl ates, sai dyfi I i I@% £ i ed
at free endsh{) ieo?ﬁea(l)l??’q%}a{ggﬁ??g{g%%léﬁggggﬁg%@%%g?g} cont. (g{lhﬁgrltﬁllcg%ezso ei ng
di Sposed wi t firss andisacendesmindls. willlie s3d heusine cloufilst teemmalsexteallingldevmwarily
wherei n sai d_capacjtor pl %les are sef)ar ated by an intervening space that
is filled w frAmsay} fEpmspiditrstrgpacitopplatoand spdseeandetergiris aytenagiedova astly
claim 22, wh i : 54 qqr, J b : Li: i.rst
termnal s anﬁgglaglagﬁg%rggélg Sg(goﬁlg???%?tbgf)lgﬁg’a%dgdcﬁiﬁﬁsie@%gé% ut ?]gl{nlﬂél?l lh%‘%l}{% gérg%é
term nal s, sportiohs disposaddt Secands theesof) thalisst hrd segond epafaticaticapemioneheihg
ot her along edges . of sajd first and second plates. 26. The power

decoupl i ng céisResedwith s3idFeoess. wherein said first and second terninal
contact portions are spaced apart fromeach other so as to contact
different contact traces of said integrated circuit |ocated on said

i nt egr aped cThepobwersdedoumingicace.of cRim 2Zhwhéeinaaiddapauitor plagsaty/sepaateddyai m
22, wherein said capacitor plates are separated by an intervening space
that is fill aeinfgrvening snase gt isifdlederity 3 dielectyg mafegalpower decoupl i ng cover
of claim22, wherein said first capacitor plate includes a plurality of
first termnals and said second capacitor plate includes a plurality of
second 2§.er nTA@pswers@csuplingTovevd chfi oIn] whefdin siad firsh eapagiteh plae svdudegjaacent
each other along edges of said first and second plates. 29. The power
decoupl i ng cpleitypt Grshiemnpmls améaléism@éicapmtpgplagnaclgé@mmtab%m rsggond

contact portions;are ced apart from.each..ot he 0. as_t gntact

i ffor ent ool b BERGRE @B lemplrl R bS] piSe G G2 B5H seers
PCT/ US02/ 30588saiBfrst dkEsceonEplaecoupl i ng cover of claim 22, further
including a third capacitor plate interposed between said first and second

capacitor plates and spaced apart fromsaid first and second capacitor

pl ates. ,31. e _power decoupling_.cpver,,of. claim further, includin

Phira: cBfduct o Ropr s e Bp KBS A B et st e e Bn SoRBeC  ve
plates and spagigHs ARapicell apaR FBMmach other so as to contact different contact traces of said

integrated circuit located on said integrated circuit side surface..

27.  The power decoupling cover of claim 22, wherein said capacitor plates are separated by

an intervening space that is filled with a dielectric material.

28.  The power decoupling cover of claim 22, wherein said first capacitor plate includes a
plurality of first terminals and said second capacitor plate includes a plurality of second
terminals, said first and second terminals being disposed adjacent each other along edges

of said first and second plates.
29. The power decoupling cover of claim 23, wherein said first and second terminal contact

portions are spaced apart from each other so as to contact different contact traces of said

integrated circuit.
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first and second conductive plates. 32. The power decoupling cover of claim
31, wherein a first intervening space is defined between said first
conduct i wopBas&a9and said third conductive plate and a se®cmdiS02/si58¥ veni ng
space is defined betmeen sai d second conductive plate and said third
conduct d flrst and s co I Nt ervenin being filled
wth o o1 BeRs Pan S HebaininE ot of SRER A RN TAEORIRE AN E D GaRRCTT RS m 31
wher ei n sai d; I GRS

third tern n;‘%%%ﬁﬁﬁﬁfé%%%mﬁ;?&§e<’°ﬂg SHPERoTplap) HPpal SRS e
third term naldsehend capacatoniplatds. porti ons for contacting said integrated
circuit conductive traces. 34. The power decoupling cover of claim 33,
wherein said third termnals are arranged so that each such third term nal
is flanked b I iROEK

decoupl %(lﬁg cgh@?&%ﬁefg@}ﬁg@%ﬁgggﬁrﬁ%ggﬂgq%{algﬂ%@ ggatt}lngé ?n;ﬁgtet,l secgnd and
third condutitérpesep batvesn aiid festhed dednd noshictivdyplates and siBibed apaet foomsaid
decoupl i ng cgover of claim21l, wherein said decoupling capacitance includes
at |east fifstandsecopdiconductiveinlgletapaci tor plates supported by said
connector body portion, the second and third capacitor plates being spaced
apart fromsaid first capaci tor plate, said term nal being arranged in

di sti nc32.set Shopowérdetoupliag caderafidlairh i3r1dwhaemiarfa’s&nteh&tningr@amstdbﬁﬁﬂ@/
depend from edges of said first, second . and third capacitor plates. 37. The

pover decoupPetivgenenidfirsheondugtiys piate apm eaid thirdseonduetive gaie andia 890Pdl capaci t or

plates are f 59@ 34799
PCT/ US02/ 305@8&5%%% ébSV\c/{ee?l% ecoup% a6 %égglgdr 0 hgtwae}/p%?tggffd\%ﬁdggfdz sai d
second and tJStirfddctﬁ@Qﬁ@ﬂet@Id msamec@rdanwénﬁrgesptaéeg beingetlledrdithadielediricl er ent
surface areas. 39. The power decoupling cover of claim36, wherein said

first, secondatgnidl.third capacitor plates are enbedded in said body portion
and are insulated fromcontact with said integrated circuit when said
connector is applied to said integrated circuit. 40. A power transfer

connect g3, OTh& PEWENBQupdiaRR6vdriofRlatn B@vwnerslursaiduhitr@ c@mwcm aRtigludes a
circuit("IC"), the |Cincorporating aplurallty ower non- power

circuits in alumimyof produetie tb%@t%@fnalﬁwnﬂmgm ly ifiom $ar1|‘i:¥hm| qegdciiye

bottom and si con cgt Ve S.: di ?posed

oo oo sob 8, MRS Rl inelooh dfoisof SRRHEE YRR RebaRl Tty

conpri si ng: conductive traces.

34. The power decoupling cover of claim 33, wherein said third terminals are arranged so that

each such third terminal is flanked by a first terminal and a second terminal.

35.  The power decoupling cover of claim 31, wherein said each of said first, second and third

conductive plates are embedded in said houéing.

36. The power decoupling cover of claim 21, wherein said decoupling capacitance includes at
least first, second and third capacitor plates supported by said connector body portion, the
second and third capacitor plates being spaced apart from said first capacitor plate, said
terminal being arranged in distinct sets of first, second and third terminals that

respectively depend from edges of said first, second and third capacitor plates.

37.  The power decoupling cover of claim 36, wherein said second and third capacitor plates

are spaced apart from each other horizontally.
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an insul ative cover nmenber having a body portion and a recess di sposed
therein is sized to receive at |east a portion of said I C therein; neans
for supplwyongopower to said integrated circuit power circeCrTason3aske form
of a decoupling capacitance enbedded in said cover nenber body portion;

and, 10 pluralit f conductiv erm_nal s havi cont aci. ends that extend
into sa?g co{]/lé‘? poWérf%@?ulﬂwoﬁgr iciﬁﬁmggcg %reinr?ﬁff]%ﬁ?mgar“?it%‘r'igf“%?aglé‘i’rcpl’l‘tﬁs si de
surface condyetdiMereR® $ibQNshd halv© Biffertt: JalrdR Y8 When said cover nember is
applied over said IC." 41. A power connector for use with integrated

circuits, conprising: a housing in the formof a cover nenber, the cover
menber ving. a recess fqrned therein_that is dinensioned to .overlie an
i ntegr a?gd C&P%H?W?r ‘feﬁ%u@Wé’PV‘?féﬁﬁg?mﬁﬁcW BrFWgsaH{%ISEF%ﬂOP&W%fh‘WH%EOFye,
spaced- apar t pGaRAE ibedbdiPibSHIReeL I EL Toulalle AInEdHid yifdlsaf@pact tor

pl at es each having termnals extending therefromfor contacting

conducti ve t imegrsted nirtthewhert syt ednadctocisrapplidd todsaid inthgrated\cacuitenber i s
applied over said integrated circuit, the capacitor plates selectively
storing power when a voltage is applied to them and sel ectively di schargi ng

B T e T T et i L
circuit(“IC”), the IC incorporating a plurality of power and non-power circuits in a body
portion thereof, the IC body portion including top, bottom and side surfaces, and a
plurality of conductive portions disposed on said side surfaces leading to said power
5 circuits, the connector comprising:
an insulative cover member having a body portion and a recess disposed therein is
sized to receive at least a portion of said IC therein;
means for supplying power to said integrated circuit power circuits in the form of
a decoupling capacitance embedded in said cover member body portion; and,
10 a plurality of conductive terminals having contact ends that extend into said cover

member body portion recess into opposition to said IC side surface conductive portions,

for contacting same when said cover member is applied over said IC.

41. A power connector for use with integrated circuits, comprising: a housing in the form of a
cover member, the cover member having a recess formed therein that is dimensioned to
overlie an integrated circuit, the cover member including a plurality of conductive,
spaced-apart capacitor plates disposed therein, the plurality of capacitor plates each

5 having terminals extending therefrom for contacting conductive traces on the integrated
circuit when the cover member is applied over said 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, said capacitor plate terminals contacting the

integrated circuit along side surfaces thereof.
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