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15 dramatic increases in the functionality and performance of integrated circuit (IC) devices while

minimizing the size, weight, defects and cost of the IC devices.

Historically, the number of transistors that the electronic industry can place on a
semiconductor chip doubles about every eighteen months. This rapid development cycle permits
fast delivery of the new innovative products to the market. For example, semiconductor

20 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
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

25 (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

inside a microprocessor, will turn on and off more than a trillion times per second.
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20 control high frequency noise, created by switching the transistors on and off, by shorting the high

frequency noise to ground. Lower frequency bulk capacitors (such as tantalum capacitors)
subsequently recharged the high frequency ceramic capacitors. Various rules of thumb exist for
determining the amount of each type of capacitance that is required for various ICs.
To electrically model this power delivery system, considerations include the inductance
25 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
tolerance of devices in most systems. Similarly, simple rules of thumb determine the method for
decoupling the high frequency noise.
30 Each generation of semiconductor technology has reduced power supply voltage to

support the requirements of deep sub-micron semiconductor technologies and to improve
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deliver high current and low voltage power throughout a computer system because of impedance

levels that cause unacceptable voltage drops along the power distribution paths. Computer

systems presently use distributed power systems to route power throughout the computer system
25 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

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
30 other components.

Even with distributed power delivery systems, every part of the distribution path must

still have a low impedance to minimize the resulting voltage drops. Typically, the voltage
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the impedance and the resulting voltage drop of the relatively shorter path.

Someday it may be possible to integrate the voltage regulator into the microprocessor
package, making the path of current flow very short, reducing the impedance and resulting
voltage drop. However, semiconductor technology has not advanced far enough to provide this

25 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
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

30 techniques, such as clock gating and sleep modes. These techniques result in fast, unpredictable
and large magnitude changes in supply current ultimately requiring hundreds of amps within a

few nanoseconds. The resulting current surge demanded by the microprocessor from the voltage
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As the power requirement of microprocessor increases, the need for more decoupling

capacitance increases, which in turn requires larger value or size decoupling capacitors and more
space to accommodate them. Unfortunately, larger value or size decoupling capacitors consume
more area on the circuit board.

25 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; = 28fL). The longer the conductive
path interconnecting the decoupling capacitor and the semiconductor die inside the
microprocessor, the higher the inductance. The higher the frequency of operation of the

30 microprocessor, the higher the resistance of the system due to the inductance, and higher
resistance causes a higher voltage drop. Therefore, it is desirable to locate the decoupling

capacitors as close to the semiconductor die as possible, such as by putting the decoupling
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not her bdHr d Signald'mgasfenni c (i.e., netal-to-metal) connections such as a

salder, Lot igket BreekiyRaconbie el ofutyinb slied ohd sfted Vsl Phefboar o.

As 6 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
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

25 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
level of the signal. Further, these passive elements can cause glitches, resets, logic errors, and
other problems.

30 Typically, a microprocessor makes contact with the motherboard using galvanic (i.e.,
metal-to-metal) connections such as a land grid array (LGA), ball grid array (BGA), pin grid

array (PGA) and solder, to transfer signals between the microprocessor and the motherboard. As
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i ncreases, an undesirable anmbunt of resistance due to i nductance,
associ at ewowistobs42éhe conducti ve i nterconnecti on between thecyarsozeesduct or
die | ocat ed i nside the m croprocessor and t he not herboard, increases

accordl he formula (XL 26f§2 The | onger the conductive path
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mot her boan dandeh 8sshligfed wilth e k%@ﬁ@é‘ﬁ%cdﬁn@étﬂﬁ etvtféeﬁq &%c@? uPREeRRL i on  of
t he microprocessor causes a h resi stance due to e I nductance on the
si gnal hnaatlad iresidd the mleropmessbﬁmmaheamﬁﬁzﬂaoard) mg:ln@rsesmbmalgg td tippfoiulal(®, =

si gnal ve erefore, is desirable to mnimze the inductance of the

. T
SI gnal % ke qli‘éelfﬁhéﬁ%’éﬁlv%Paﬂ&H}é?r&?Wﬁm&ﬁ the semicppdusirslieide i ncreases.
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m croprocessor and the signal integrity of the system Hence, ereis a
need fofhisresistapessausesa lgherivoliagaflrop eéﬁﬂsts}gagl lF’Yféq Jeereforafit ltsrﬁlésuable to
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V. Integrated Circuit Package Design Advances in sem conductor technol ogy
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si ze, mhlc ect| ects ¢ of. t roprocessor package.
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contact and HefceZthebdilidieed i@ systBQhatPerBitOthBdpaatnPH¥Qlendy thet he nunber
of signal contacts and signal contacts per square area, the contact pltch
t he nu rrmecrrombcq:sg@ratp ineseasa axithouhdeerasiing the mtcmiy of thersigngliafusharsystem wcmd

cont act force %P e 7Z-a

h h
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nygber @wdﬁfg\@[mgﬁalfdléﬁgﬁg stors in the mcroprocessor typically increases
25 current per contact and socket as well as increases the nunber of ground

and power pins. Increasing the perfornmance of the m croprocessor will need

an incrgase [n th rrber Ipf sigpal. contacts and the sem conductor die
size. | ea erformance of the mcroprocessor wll

i ncrease theayohfls ﬁ%hﬁ@&rﬂu@t@f’te%ﬂdloéi%‘rb@i@@ fhibrOBroe bR Ghat Mmghérncr easi ng

t he nunber of total contacts while decreasing the contact pitch

i ncr easperfdrmaocmamjcare fmalder 186ize e’duch éldecalb'(aﬁfgcts e desigriod thmnwmmagesxcmqm re
an increa he e(? cont act he| ht.. Iacr.easilrl‘njg t he freguency 8
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iy 7 socket, the number of ground and power pins, the number of signal contacts and signal contacts
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
25 current per contact and socket as well as increases the number of ground and power pins.
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
the number of total contacts while decreasing the contact pitch will increase the contact force
30 required along the Z-axis which may require an increase in the mated contact height. Increasing

the frequency of operation of the microprocessor will decrease the signal bandwidth. Hence, it
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tradeoffs exi st anong these factors in order to produce a m croprocessor
havi ng anwopioes42zed package design. V. Thermal Managenent PAME0ZBE9I N

el ectroni ¢ packagi ng design provide devices with higher performance and 5

smal ler size whjch lead to.increased_heat generatiqn and heat density,

whi ch i fouff be H%E{Ff oniiBat enginerie %ﬁaggﬁ’élﬁ&a%ﬁ%lgﬂ esgilActors i gider torpdietay | n

packagenﬁl&?fng,@esrsgrmgr%teg{ tihﬁ&é@ﬁckiéeydeﬁ%nt he device. For mcroprocessors,
[ I nt

hi gher performance, creased | evel of egration, and optimnzation of
die size has |led to higher non-uniform heat density in certain areas of the

10 m'cr§Ero§essor ii e. Heat generation and heat density continue to

i ncr eas&wi-Liermal sem conductor technol ogy. The reliability of a
m cr opr ocess j ERQ i i e of
the die juncg?g%?mg |cﬁﬁgégg%%gm%ﬁg%%gﬁg%ag?eggﬁgﬁﬁgg{@%hﬁﬁghgﬁggﬁg%g or
ha$i ng $rhalleti szq, whadhi lead toThataset hoa zageratort andfheahdensity whidlomassiahay Gause
related_to thernal managenent of the . 15 voltage requlator. Both the

ef fi ci efeymymanagerpentita §e 2ivep HHEEHPTINHY 11 PrekagR/ss12adn siamiaingeliabplity of the
processgLy,ifgist be considered together. For exanple, a voltage regul ator
operating at 85 percent efficiency and which drives a m croprocessor

consum ng 12Bomvaidréprotessuasydighed paforpanes indbeaded kSel ofartegratdn, aager . Thi s
power rmnust be drawn amag fromthe voltage regul ator and m croprocessor to
cool t hePtyBizptiensof die sizg bas led tokigherdion-unpferm heet|depsity incgrtaimigesaapbihe, an

engi neer|: . I [ e. I t or_near
8 TeoPhambEadsni, Xk iedRoP AR EOLh AR Ol LR RRL

as descsdniieshduddy eechasidgy. 0Tk religbilityeofeahicagRodes @i ivdxponémially depenibi@ on the
m croprocessor to mnimze the heat generati on and heat density. Hence,
t her e i epegatinecigmperatuge phikie dig Junetinagwhichidepesds ondhe pavesr cpesumeddyghi gh power

m croprpcessor, to lL.ocat ed near voltage regulator to mnimze the
RAREIE e B

i npedan RN 0ol tage drop while efficiently dissipating heat

generation amﬂerhﬁatnad@%mehyoﬁ tBe %o PioEEssof Blrélatel kd thkrmAllmankb&Rént OFBRENEt i C
Interference Sources of electromagnetic interference (EM) em ssion include

t A8 t r ancliage segylatpn. Hoth she afficienpr ddbe vdltaga mBuddterrral thepdveer sanssimedhiytthboar ds
and cabl es, Trhe gl crcogr. ce(igoort [ s pne of 1he R%O I aru?ﬁsto SOour ceﬁggf E'\ﬂt in
conput ePTOSGEPEIHES b5 C %@?8 ST B RADPI AT Yreg e u IR, WAL 8 3Py
03/ 0284 ¢fficRady brPwhi2@Y%ives 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
20 between locating the voltage regulator near the microprocessor to minimize impedance and the
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
25 voltage drop while efficiently dissipating heat generation and heat density to maximize

reliability.

VI.__ Electromagnetic Interference

Sources of electromagnetic interference (EMI) emission include the transistors within a
microprocessor and signal paths on circuit boards and cables. The microprocessor is one of the

30 largest sources of EMI in computer systems. Microprocessor clock signals have increased in



frequency to 1 GHz and beyond today. At 1 GHz, these clock signals can
generate harnonic frequency signals that reach 5 Ghz, and both of these
si gnal s gwoaBats2&M waves with wavel engths that are i nveCaaisg2/30591
proportional to the frequency of the signal (i.e., the higher the

frequen the s er en 5, Typi.cal l. a conductive shield or
cover %‘éﬂé‘&y foo{]g" eE‘Rﬁ to%‘y ‘gh{]bIH& X‘g‘rl 1§ G0 g5RGgteparmonic

di ssi pa Hz0 ot her

ci reu t?@%ﬁﬁﬁ%?g ft E‘%ﬁ‘EM% e e 0L T
creat e wiavélemgthg ttha‘cauehnvterselydﬁopmreonajemﬁleitaqngwym&tIEI\ﬂlgnaH(Jwe\mafhlghartge hol es

in thena_ ield p]e g%ft I\{{e sc e t hrough the shield, and thus the shield
hol es mFSAUPEY-dnS %a(veeﬁg M does not escape, but ai rflowis not 10

regtricted toygenly LndRYIvE Shickd ditof drOBALY ot BIVE MBRNHICR] S WRniba P! €
in the shiel or '"EM  contai nnent, but fhe sma er holes restrict

ai r f | owpswirdel saadibstpdtimg pathofior ﬂrg.EMlbtmqﬁevmmt fiengintezfering gvith cthaadrcuiesKi Bies 1 n
si zing the hmaﬁfyln t he h| eld to for cooling and EM cont ai nnent

pur poseghlelﬁwé“ @P&mﬁe}y) o7 HeHPAAnENRE SRR ) @F@E@HQ@&’é@POQ}rth%Wé%q s level,
bot hy, t
o gnal SETERnE I BOAVHANEEEE Mrg OROBL RS thIf pBAPEMI G HEREY PBIEHARE Shiclo,

m cr opr askthasthershicl@hdleciumeieysied sd shan thelEMhasesmiot escape bai sirflosais nohe
source of the EM. Local.ized. containnent prevents the EM_ from.interfering
wildh ot Wé%n%qdrteapelrtye device. nidighdrgauensy ss%ng@é?ﬂwwmﬂﬁr holeointbeshvigld far EME

ai rflow, I ly, the
chassi scOTAHREn, Butihe SIS Selottelh S RPE ORGP RRNRIR coofthE B 96 Yo oves
the ai r hgiecning tiadedfhexists ¢ Sipin@alesisslés ihtlie Meglatd Sor EdBlirigmdENET doitinibiith
other circuits in the system A chassis |evel solution requires small

hol es | RUPRESchassis for EM bl ockage, but reduces ai rflow G oundi ng a
heat sink th t 0 reduce
BN rowever THERTOR ik PBbubd ol BHABRBCASAA chie RIS Y R, L2 o
N8 Caugfcrop@ctieérd gendhatdsithkhigh fRqlierR$ hamnahid ﬁ@ﬁtﬂs ﬂlﬁdcdi@éjEMIesotthﬁ 160dtingl t s
difficult to round the heat sink through the m croprocessor package and
al t hougﬂle@htﬁlﬁgdpmmtthemmaprogqtsm rn%syefuf@amlé CERRIn th%ﬁmlq}ﬂg@i negy 8\%

oy b Sistd SR EMID BRRTh R lubent iy Gl SR R Ren i e Oty agf'ﬁu‘?'a?ﬂ

cont ai Neyhk c%ﬁﬁt@ﬂ&ﬁs&@ﬁ bu@ﬁalselres&n&b/thefaﬁﬂmeehecftbemgjafeythé herepoc¥dsbhout
conprom sin e t her nal nan%genent of 30 the system In summary, systens

r el at edheas. @cbﬁmatluelw the chassisi ﬁ@lcommtﬂsswemgmlbagleectiwhgﬁmelﬁh@ndal
[ 1 f E i i
%nggfrﬁafomt@a A R D b b s b St P ML G T b iy dh o

in sem gPmdYediah. AeaBRS RUY 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
25 sink to act as an antenna and radiate the EMI. It is difficult to ground the heat sink through the
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 EMI from high frequency signals without compromising the thermal management of
30 the system.
In summary, systems related to power delivery, signal transfer, package design, thermal
management, and electromagnetic interference (EMI) emission control for an integrated circuit

are needed to support future and current advancements in semiconductor technology.



9 WO 03/028420 PCT/US02/30591 Summary of the Invention Accordingly, it is
a general object of the present invention to provide an inproved power
del i very wysd@pssamd apparatus that overcones the af or enentPicaviess2/30591

di sadvantages in delivering power to an integrated circuit wthout
occupying | arge amounts of space on the circuit board. 5 Another object of
the presimmaryofthe Invention, provi de a system and apparatus for providing

power to an 'A%&gfn% fqtlgld gxlfr#r%l }'ecp%tlhé f)keﬁg}tq nﬁBn{BD vﬁg ??ﬂlér%(léd f)(})\%r are
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connect @POV%@HSMII%@WGEMF @ng@a%ﬁthmmwmd cijeat. i n signal transnmission to

and fromthe,i rate not her ect of the pre

i nvention |sAt1§hE%o® e © {hﬁg’%sgm enug?ysat ﬁ%vége? I}nﬁ%tor %S%I%Egrgﬁsgher a
socket @ifcudt WR¢E ﬁndohﬁiratbmbw@;&raasﬂa eadsl ihtd BE bidyoorahe ER6bE, ahd whithTed
therein, the capacitors including at |east two netal plates that are

sdfar at pefarabisoapable @ﬁwgplybgg mwedt%ﬂhemtegr@tedﬁtremt albng theeidgs abtop of ﬁhet he form
of a fil ca t f.urt her ar.at e om. each ot h the
power  cigapg ERDEhR Rl et ol AR S SR e e

di f fer epdr tNOinkpeR&d Eiccudhl WhitRGh nath 8R8udek tHeBrde mécﬁﬁreawﬂls&t hnfdHenovAtHeur t her

obj ect of the present invention is to provi de a power delivery nenber that

i nt egr atnéegrainé cueuinfion thapaniector, gnd freeseipradditinalpiohifor et mdegnagtrgisorission y of

i ndi vi dya ar t.hat extend therefromto engage | eads on an
i ntegr atje‘ﬂld %gtfetmtelgﬁgsqcé%?& % being di sposed around the top, bottom or

sijges of theY‘ef‘ﬁrﬁEﬁéi‘to BftcCofthélplesent vARGEMR o PRIVRIEta ;Q)fwetr el R-PRRAbel AMAATL T ON

is to provide a thermal managenent systemthat utilizes a heat dissapating
devi ce, famodf eatherma $acketent ahaeaer tbatnkcludﬁscamﬁqlrahtytqf@&ann tdpagtves firmed therein,

af orenmenti oned power delivery ne ovver ery er, either have
an openﬁﬁg’ap?%ﬁo%éﬂcwﬂ’é‘ﬁé’it #aftﬁ?’B ﬁ\%"ft E aﬁ%Fet rf’ﬁ% (ggrbé'lassapatl ng
devi ce BREIER mPerihl) e?é?)ﬂﬁ& in BRIFbE5Ya ARITIRE cdpai 1’td?9b@lﬁ%ﬁiﬂﬂ%f‘§e phf@dd from
enconpasses a peri meter t he heat-di sapating device 30 A further object
of the pachsimdr w1ﬁwhatpownr aleilvay mpembérgdeherely theespaitopsaoppliye pluralitytofikes up

S5 PPaR.o0 BuShL ek boa AR WLEN 088, ot el Y upon gal vanic

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
around the top, bottom or sides of the integrated circuit.

25 Another object of the present invention is to provide a thermal management system that
utilizes a heat dissapating device, such as a finned heat sink in conjunction with one of the
aforementioned power delivery member, the power delivery member either have an opening
formed therein through which a portion of the heat-dissapating device passes, or the power
delivery member having an extent that encompasses a perimeter of the heat-disapating device

30 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

on a circuit board, the package including a housing that receives the integrated circuit thereon,

10



on a circuit board, the package including a housing that receives the
integrated circuit thereon, 10 WO 03/028420 PCT/ US02/ 30591 the housing
havi ng a wioal3@esaoc plate form ng a wall of the housing, trca/tsoséagy
further having a plurality of contact pads fornmed on an inner surface

t hereof .tq which are termnated,. |leads of the  integrated circuit, the

di el ect FeYFing 82¥ag adileaigC Pl fPrmDE 2ot olde haingothethusing futheg hvingn
cont act pRAfRy & EHRRE Sl YoRePBPRF inieh Shfal AfhRreBf 1ol ick hfcGbininROR1€hds b fhe
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t her ebet ween tg ffect signal trans er%fhomthe infegrated circuit to the
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t her eby : i I-di \ i r .

ci o ¢ hotyafe SARE o R s R YpadE by B BobidTo bR BbERive .

a power coupding fisrelspmesnctd @ffectsirabtranssed fivint theiimeggred tc@dui€ to the tirsuit bdded, the
connector taking the formof a cover nmenber that is dinensioned to overlie
an i nt ejPenrgivEthechavingal lepseneaigpacitor sunppttehbsrchy. hip sameitorgroyidingtawpply

i ntegra I rCuWl L. ] @Rﬁﬁ wi thin a nmounting socket, the cover nenber
i ncl udi Eﬁgg%‘%&tﬁlrd%ﬁ‘ﬂegra 0 Ié:gﬁ'ducti ve, spaced-apart capacitor plates

di sposed t heivet astill Agthepoljes tofthef predeheinyerdionrigio provide apbseeuisfdicogndctodm
the capacitor plates for contacting conductive traces on the integrated 15
cilfcui t fetse withdntegratad cirshit® the congerser talyng dhefarm af a gover mengier that is, t he
capacit I S ctiV I r t i jed to
tnom angradBbET (SRS At Rl AR gl SRR Rl ABukPoTRRMS

needed, idté@ate@prelit Bmdinéddewitiiih AmM@lnsing 86dket the@vehBembérda¢ladiag aplurgkidyt
from either the sides or top of the integrated circuit, thereby

el i mi naef eandupiéve, sraged-aparpeanaeitar piatescdisposed thergmaihivagosnentor fueharihavimgt boar d
or in the mounting.sogcket, | eadi. reduced term pal, count .20 1 herein
and o r STUUEA R PR o Rt PR sl oL GineBhe pEIHE iR D it
Stiisl | agRédiewhePing €bvamdnitser iy f5pEBd td AViartetatel dieultOthp capaciler Ratsy sdl&stivalyd
apparatus that capacitively provides power to a mcroprocessor and which

i ncor postariag pawenwhéros veltags isrppiiad to themtand selestivebudipshargieg pavardpthscessor

during operation. .The present inventjon acconplishes these and othe

ob] ects Mgeed Aleuf X A eGP bls VBT B Bor SR b Pl Gy er
system gfihdrhige RIQSRMp bMKE MitéRtel Bt @ferébyRINBAatFISARE HeedFoUwWer@Bntacts or
regul at or nodul e, and decoupling capacitance in the form of discrete and/or
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S S .

capacitively provides power to a microprocessor and which incorporates means for dissipating
heat generated by the microprocessor during operation.
The present invention accomplishes these and other objects by means of its unique and
25 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
that engages the IC. The connector may take the form of a cover, a socket, or a frame that
30 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



system may i nclude a signal transfer systemthat couples signals fromthe
ICto arenmpte circuit, 11 WO 03/028420 PCT/ US02/ 30591 |ocated in the
connect orwoa/oe$¥eo ci rcuit board on which the 1 C is | ocatedcTisaz/acseonduct or
or a PCB trace. The package design system of the present invention permts
signal s and/ or power to be coupled to one or pore surfaces on the IC
utilizi Myated inthieconrrstar on theg S bagr an W@éh%@iﬂ?%e@ N LBdUEPT P de

t he serr'p@?qg&égtor package. This package design systempreferably permts
the transterred signals to have different frequencies, such as high and | ow
frequenci es Whe packdié desigrdysteypefthopresdng irvention whhite eignals wedlogsovepRelbet | ve,
capacitive, inductive, optical, transmssion |ine and wreless. The
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varki ous i ' j R f an: t he
comnect Seed §7IEIR theehllkdrduBol Ftkade, ottt AR UYBR EH RO sy
gener at ihegrassfefrad sighils tdRavie@ifereiittedqueéricigspsuctlias Bighaing 160 filkqudnert wagner at ed
by the 1 C and the power delivery system including the voltage regul ator

nodul e diffeeent fypse ef signatiaterfacesaeh pyRABAUGtES, sapReiEe, induptive.iopfiead, an EM
control em 1 I S: med as part of 15 the connector to shield EM
G Ping i

radi at e t hese systens advantageously permt increased

i nt er connect THEPkért &SventiGil 6@ Bortérnsldiet a el madlgemshttdspectiritd taripaskage
vol une, and inproved product manufacturing and reliability. These and

otlRer oBystamssin Whieh 4 head sikdind @\fathmay be attdched to the eemneetor myemenesn swih thape
clearly nder. st ood t hr ough. si deration.of e fal Low ng detaile
desor | pieRECHR B BRLEYI B R SEpaiR Rl o 081G S, Hth BTy

det ai | eHed @8kdratBd by the I dItBE FEWwEGRIIVérY lsydiem | inclauRR ithe/vdTREE rdgllatdi@nodule
attached drawings in which: FIG 1 is a functional block diagramof the
br oadestsedgherein. of the present invention illustrating the association of

th i t ts.t f wi.th i nt ted cj [ 25 F 2
0 Get ai 1 edNEpERR FREGRON FPEE A8 ullicnyl e Bty e hirineq g 6
L8t i ng Rl dofhdeadr t¥ ShikRICEN Riasaté DBy @8th. Afil diBest ¥FHaMR AbRRGRESS eh%i 2 and

f
listing alternative connections between the system aspects; Fl CY::%J: , 4B,
4C, 4D uwicaddd iatescatingejdansriaes, teduceshrcott board real estgicand dC package volumefFa@ds. 1,

2 and 3, illustrating increasin eyels 0, 1, 2, 3 and 4 of integration,
respect YRIYC WSaPﬂﬁ%’@?ﬁﬁMﬁgﬁéﬁﬁy'system aspects of the present
I nvention;  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
illustrating the association of the various systems aspects thereof with an integrated circuit;

25 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.
1, 2 and 3, illustrating increasing Levels 0, 1, 2, 3 and 4 of integration, respectively and the

30 package design system aspects of the present invention;

12



12 WD 03/028420 PCT/US02/30591 FIG 5 is a diagrammtic view of the
integrated circuit of FIGS. 4A-4E illustrating the I1C package design power
and si gnawoasnesiet i ons i n accordance with the principles @CTitse2/prsesent
invention; FIG 6Ais the same viewas FIG 5, but illustrating high and

| ow frequenc nal . 5 interface Ied o diff t si of the

FIG 6B is tﬁ%éég dipeznman¢y gV th% cgrate %‘f‘}“&t"if ﬁé(‘?%a%é drusirafing ﬂ(enll%g h)
and secpodlafd @Mion JowRAHENSYNA icBRRlctibiy {RTab @58 meh@ GREPLESe bRstfte same
si de ofﬁt heél nt egrgat ed ci rgﬁlt Ccli 71Aa| s th g sérre v wgls Ffls%e1i35,S 11gut

i Il ustraivemgongi f ferent first and second signal type interfaces coupled to

different si f.the integrat cjrcujt 7B is the sane view as
FlG s, but gfff s Q@ PTIFY & Eﬂ@ -’Jf, |ths’t“ué%m§é‘(‘:§1ﬂldt lowefregrency; signaf

erf ag® ane side of the integrated circuit;
I . ﬁlérgiggggdgp%gz g%}’eg%rquﬁga?%mtl Cc cross-sectional views of the
integrated EIG.@B is tid sahleGGew 4CFHG.S, Dut illubteating phirnof fike(tégigpad sevodd glowpower

connections | ocated outside, flush wth, recessed or_ inside the

seni conBERYeHFY pgpaldpterfaces whichgre gouplesHoghgisanes sideofthe itegintad Plécwt ews of the
t t ed y
| ocati ons of Fide A is B8 520Uk & P10 S paRdaf bifighent bt 2] SbAPERS ope

and/ or ﬁitdﬁ&e@éou’fpm to difégeratisitids of the imtegrafe Gocui;0A, | OB and 1OC ill dst rate
adgl an view of the integrated circuit, as shown in FILGS. 8A 8B, 8C or 8D,
a

FIG 5, RESiTRyisthgsame vism adlS. armt &usgamdléféwelﬁtsga%@a@wyeﬁ ofhe 20
t t t th k
120! on SEnfi TRl Loubli h MERRRLEE M GPCRIRD! 10, | D Packace

invention. FF&S.BA,i88, acdhagnaafaatagfanﬁhaioairmrsa&noﬂaewwﬁ of e ihtegragdat ed
circuit of FIG 5 and located in a connect or; FIG 12A is a diagrammatic
el evat i eiFait QfiFIGSofC and 5; iHuekting doe $gnad and/oppovsr onnegtiprsdagasedl outsde.rflush

connect%tpf}%c%?gd&smgdg %E:m?gon?@(ff%ﬂéf&ﬁﬁat ed ci I‘_CUI t; FIG 12B is a

di agr amma evat i ona VI ew 0 gr ated circuit of FIG 11 |ocated

i nsa connect BIGS.OATBB ¥ % & diegtariiatic vieweby € ihfegrdted @@ual &bhewhanli t
FIG 12Cis a diagrammtic el evational view of the integrated circuit of

FI G 11FIQ>%a5t@d 84- ﬁDallblétrﬁ#mgttb@ locations®f the sigriaf andéon pexcer certastwadhe he
i nt egrat ed nmati c el evational view of the

i nt egr at @B llv? E’b%?mﬁp or §4es &ﬁﬁ?@gﬁgfagr Q'PUhote circuit located in a

connect or or FAGS.8 0Al, 10 iahd P0G Mistrate a 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;

13



13 WD 03/028420 PCT/US02/30591 FIG 14 is a diagrammtic el evational view
of the integrated circuit of FIG 13 that is coupled together in a stacked
ar r angenewn;03mk€320 15 i s a di agrammati c el evati onal vi ew ofrcriesoz/sdsegr at ed
circuit and renmote circuit of FIGS 13 or 14, with each such circuit

including a voltage regul ator nodul e and decoupling 5 capacitance | ocated
in a connect BIG- I#1ga diagranymaticielevptignaheicve obtheyntegrated icirguib of BIG. tlAdhat is

i nt egra&ﬁ%le‘&iégﬁhériﬁ‘g%a@ éﬁ)%fan%%gr’#it of FIGS 13 or 14, with each circuit

i ncludi ngta voftage regu & and a decoupling capacitance; FIG 17

i's a di agr anFHy.i1G iehdiatinomatic slewitiondl vidve of the ege@hrd cibit id refidte EifiRteT
circuit_of 10 FIGS 13 or 14, with each circuit iIncluding a voltage

regul at BIGSrbyor b4, arith eheb sugh direyit incdyshing & ¥pltage regrdateimedule and desouplingar d;

FI 18 is.. Laagranmmatic el evational view of the integrated circuit and
regot e %%pr%%%n?e g%a%%c‘l@egror’m, with each circuit including a voltage

regul at or nopd.g 6l RGAliSGaRmatic eRVEHaPiewdTtheAinfbefddinditcie 263 Bakbth 3REEL of
| ocated in a connector; 15 FIG 19 is a diagrammtic el evational view of

t he i nt BrSatzer H4,math each arcyibmpludingj ar volfiage regulair @®dub: and aldecowgiling each
circuit inctﬁtgﬁdi_ng a voltage regulator nodule |ocated on a circuit board
and a d&P8t C?’fg capacitance located in a connector; FIG 20 is a

di agramat i CFRrY.qvalsiaai@drambfvic efevhtital ﬂ%@gffﬁseeiﬂtegfd&e“du'ifcuﬁfan&Iréﬁqoté tir6Q0f ned
with a thermal nmanagenment and el ectronmagnetic interference (EM) control

sy8t em FIES B & 14 withseagh ciragtingludingareltags regulafor anddalesdnd tecoupdingconduct or
package constructed.in accordance with the principles of the present
i nvent | GGG Beaed PP gnerli RO hduct or die and capacitive type signal

interface, Wrich 1R0WeY digstRRhiagd Iete$aﬁchﬁ1 \%%féﬁ{e ihftgrdt&d cifchfeand erhte Rircuit of

cross-sectional view of a Level Two sem conductor package constructed in

accor dahK#S W vhl4,vathpeach cirplitmclflingraevghtags megtilaiarnesiuicolcated bn acéndusiped

sem condu t&r die and .25 u@)l i‘iin a cage}ci tive type signal interface and
pover  S#pA fsaup e Greadfaee leatef i § HBERBEed circuit: FIG 23 i a
crigss-secti opgh 19 RY cﬁﬁgﬁ%aﬁ@eﬁ@&tﬁﬁﬁv@&cﬁ' ke intelratdd ?rcgitﬁﬁ@}elrﬁélx%ir%m r

attached thereto; FI G is a cross-sectional viewo eve

sem conBI&S b3 opbk kadecash chewhinojudingha voltage meniatwmihduicdocatedon & apadt boavd
LyDe O 0L A5l oted fh POUSLBYPP! 1 o0 Trom the i deval s of the
package? ping cap )
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;

14



14 WO 03/028420 PCT/US02/30591 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 conduwbaB/ogsde) capacitive type of signal interface and®Cmager/3@sont acts
on the top of the package; FIG 26 is a cross-sectional view of a Level One
sem conduct o ckage with a fli.ppe sem conductor die, capacitive type
of signal i ni: gg'%éégﬁms'ﬁmpa]cvdg‘pggf‘Q?Eﬁel’ﬂé‘“fooﬁ?nti?on@ﬁ@or Papkags oftthe
circuit; - Y r - -4 b £ ' Ay ' '
e e B A g St
capaci t emmactsonl tHeaop ofthalpaclksged | ar to that shown in FIGS. 12B and 19; 10
FIG 28 is a f)qgrrs ective view of an_| C assenbly incorporating systens of
the present F § p GFpssepetionplyviey ofa dewd Qpejsepigondygiorpaskegsuittt 8ippsdckage
carried.dn i f ﬁﬂ{

su ps) port génglc edélgtbg l%?t‘% 8510(? g{g%% it}g%nocf g %gl%qﬁiel%f’ @s I oséeﬁl%éﬁagﬁ 81? gﬁ%gép ég%%od ed

vi ew of itépratsd sir@uit;assenbly of FIG 29; FIG 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 FH?{raN i§ p&tpseFecional ey ohthe 1Biperated cirsuit REFIG. @6nearred by spgket
accorda | L PG R : [ i On,: 32 1S
pers pec'? (lﬁglgwgg ghghgﬁ)\}) 81\[/t% g(\?tvh%f(ﬁg% thf[ulg ?g%a%%?fg%% %1 E%T% Hltzli(l’ %glvl\}gﬂog% Fti ség{r@l nqme nber
of the PI@S.dlB dndvi@nti on, taken fromthe underside and illustrating an

al ternate neans of. 20 supplying power to the capacitor structure thereof;
wHér e t he | CFIG 28gs pwarspectiyevisyept and§ assombly Arposnasntingaayrigais ohthesiessat i n
FIG 4C - ' ' ' ' - |y
cover g {in e Tofugach RPHIRBEHAKESGH b, AERLIRE Y BhARAPGRR ¥
havi ng asinRdbehBaver ARARASodkRT thaDsuPPEits £ Gedolping QPUEitanseipid heat dbk;FI G 34 is a
perspective view of an alternate enbodi nent of a system assenbly utilizng a
capaci t or po¥ky. 295 py explodedriew @f ehegystemesgmdde af FIG28ti on i n pl ace upon a

e e e T TR I

passpectieyfvi ew, taken fromthe underside, of an alternate enbodi nent of a
30 capacitor structure used in the power delivery systens of the present
i nventi on an8l@sHfigk cfass-secsioppl W@l an pltesnatn system asssmbly gomaksuctedinan | C,

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



15 WO 03/028420 PCT/ US02/30591 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 swotasoesbko vi ew of the capacitor structure of FI G P&T/UaB®@a1 al ong
lines 38-38 thereof; 5 FIG 39 is a partial end view of another enbodi nent

of a capacit ucture constr in accordance with the principles of
t he present }gmzﬁlﬁgﬁ S&FR?%%W?ﬁgfégggbgrt@ﬁnﬁa%Pﬂifgé% anglg @adh iiithgts housng
therefrom v%g‘f?brﬁzgitgs an enl arged perspective detail view of a corner of
anot her err%o i ment a power delivery structure constructed in accordance
with the pri Rbb[8s ackctidnel yviewé e dapacttot steuwcturd Of BIG 37, taken alahg tiges 382381Se
of nore _than two capacitor plates; FIG 41 is a perspective view of a power
del i verﬁheFﬁQﬁéber of the present invention nmounted within a housing nounted

tosan |1 C W R8s Q%Hﬁlaﬁ'?ncﬁﬁ%mgg{l@tlﬂ?rpéﬁ@ggm&ﬂ%f Gl dclt¥r strbhfe ccﬂ%@&g@n

end view of the section o I'S a perspective view
connect oracsbrdandewith densinciptdsed theprasenointedtivn andthaving &tagddedpower Ipadss of
the present .invention; FIG 44 is an expl oded view of an alternate power
del i ver §Xteyding Kty ucted in  accordance with the principles of the

present inveptt o ; I Ll | i i
capacitors sgglp})'o@tlggg &*@Fﬁ%ﬁ pg;sh%)dlﬁ’? r(ligta ﬁg{‘@ét&p%%g %rsoqtaﬁ(g&lg%%qﬂ%@%r&§ fias t he
sanme Vi pywasdefivéry strictubtidonsiriidied eccardpreevithstha pArdiplee of the pedsbirinegmtion 20

cicruit board; FIG 46 is a sectional view of the assenbly of FIG 45 taken
all8ng | prfbdlugisating the aseffmore than tva zapacitar platespect i ve vi ew of the assenbly

of FIG 45 V\'Fi@ igg&tgfsﬁg&&ew 8% a %%ycfr@e %?/'llee%gbeg Qﬁth:?%fe%&%fig%%&ggl y; FIG

48 i s an enlarge VI éw 0 ion asse 45,

i |1 ust r aioufigdavithdda Hbsstieiouated acird I, withatle hb@i showhltfansphfert $orcl&f¢f | onal
vi ew of the connector ass,enblfy of FIG 47 taken along |ines 49-49 thereof;
FIG 50 is ahlefiZisgagndsiewof the eagtion of HE. 881 ner of the assenbly of FIG

'< an ent ar gElC R aAPeOPE S RO R RubFubbtuBREE Ftetneste Br A5 upRapitine>"
cqinect ﬁﬁnqjﬁgggfﬂl@(ﬁ@%ﬂ ifivéigiofy dance with the principles of the present
invention illustrating the use of wre
FIG. 44 is an exploded 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 corner 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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contacts that contact both the I1C and discrete capacitors; 16 WO 03/ 028420
PCT/ US02/ 30591 FIG 52 is a perspective view of the connector assenbly of
FI G 51; wo@®@3/02820s an enl arged detail sectional view of iradrardozsosarea "A"
t he connector assenbly of FIG 52; FIG 54 is a detail ed expl oded vi ew of
a portion of e_connector assenbly of FIG 52, 5 jllustrating the

pl acenent of Fii(gd:??s’éPé’@@pﬁcéb’ﬁé’ﬂ?%&%ﬁé?’é‘wpﬁ?SSF’P‘E!Y 31055k perspective view
of ‘a_carrier ps! 43 GRRhREM Bl SRR P AL IF irtBior GRNGet Phls¥mpfy FI G
52; FIGS. 56 an 5% are er sa:i e pélr specto?\lleasqrews 2} t@%go@ggtgr r?errrvlggr
used i nof RKG. Qystens illustrated in FIG 30; and, 10 FIG 58 is an enl arged
detail view qof an alternative manner qof nounting a discrete apacitor in a

c
connect or f oF{Ger4ds @dstailed pxpipdgdoriew pba apttien obEcoNpiciRstgmbinel B r ed
Enmzodi i Al i.S.dir to an inproved power delivery
sggtem Q{S&SJ@E‘SE?F’%&?IF%#@/’??&@Q %’?ﬁmﬁdzf,tﬁ%&gg%kage design system 16, a

t her mal MmanageBEIR is 2ypeispeotivd,viain df acarfibd strif bortaining Atads ysddaimtizOconaectan | C
22. Present and anticipated advancenents in sem conductor technol ogy have
and wi | PsssmBBRIEFIGc82; such as nicroprocessors, that have faster clock
rates, hi ghefG@aey 5'7%‘9@&&?&?&?% {eréé%kﬁéegﬁéws Bt t%@ %ﬁve%e%el} ﬁ&td%n iy gher
transient currents, narrower voltadge nmargins, high non-uniform heat
densi t i egsteradidiustiatedcmsad. Bogmdency EM enmissions.  Ancillary benefits to
t hese advancenents include mcroprocessors that have increased 20

i fler connect FHans is jab gnlargedidgisiloden opabeltrenativg manaeraf maminting ¢ diseepte
reliabi k%&a%itor%ﬁryc%ﬁﬂ ﬂfitfg'ihe;?}?&% AGLIEr S anticipate that near future

m croprocessors typically w require 1. 0OV or |less operating voltage,
100A or greater current, 300 A/sec or faster transient currents, voltage
regul ator efficiency greater than 90% voltage regulation within 5% or

| ess, aBttailediDeseriptiomOf TheRrefernehEmbudimentse requirenents present a
significant vancemnent over present 25 m croprocessor desi ,.. and

i or opr ocessOPE PRAT dy eHeR s eERATe af Puttored B dRfYEy L2 880, g

wi |1 neggdndfaviysteRiPrs, b padlGige dBsif0sysRaVEs, adBérmbmvnageh@ndysteh 1S fafd an EMI
packagi ng, thermal managenent, and EM control. e present invention is
dildect edontrolisygiero@rieiansl( . Rrgesné andanticinatedadvansements in sgmicesfduelorch wi | |

benefi cj al | t ad d_seni conduct or tech . FIGS. ,1,to 20
coner a 15dipge RS Fil BrieEe T8 i B SRR L Kive RS, ¢ e
30 powep;giet wﬁérylot%ﬁi SPlyLvoltabBe hidhSNBL dufRRs 18Ehet YahaBt MrrektS ShaPRGHEATE

desi gn system 16,
voltage margins, high non-uniform heat densities, and increased frequency EMI emissions.

Ancillary benefits to these advancements include microprocessors that have increased

20 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/[usec or faster transient currents, voltage
regulator efficiency greater than 90%, voltage regulation within 5% or less, and voltage ripple
less than 1%. These requirements present a significant advancement over present

25 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.

FIGS. 1 to 20 generally illustrate and FIGS. 21 to 58 more particularly illustrate, the

30 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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t hermal managenment system 18, and the EM control system 20 for the IC 22,
all inthe different 17 WO 03/028420 PCT/ US02/ 30591 enbodi nents of the
present iwoaatesiao whi ch are illustrated therein. FIG 1 i [PcoatSoaBest a
general bl ock diagramof an electronic device or system 10 that includes a

power deljvery system 12, a transfer system 14 a_package design
system %LO(EHFH'@PZ&F Rfﬁ??&b@ﬁé‘?ﬂ"%s‘y@f’léﬁﬁeiléus“ﬁ?& thereing G dgHpsimtesaaspesd 20

for an bocPRiadEhor  LhUUBIY BAR5  JRER AR AKAIARES Y 3Rn0Da e S

power del 1 ver Sl gha rans package eS|gn stens 0 whi ch

expl ai nmghatleransfef @tstem mlag)aahxgegieagd syt 6, ﬁhbma)magei@ém y@item $§.Sindninl 2,
the signal transfer stem 14 and the package design system 16 for the IC

22 FI GEM] cogtrgl sygisme2Gtor em e 2?1 F1G Zyllngiratestd mparel dstadled lpskdingrasm 83 obthet he

t { t
e weenPang Sl TR ualtel g aelin Rl ST IR B RS FARYEE 00°
paC kagi refatib@shiganeoug aadbeth@e th’e poler d€livag; syansh) e dignal trefsferkydtemMlaGad 11

and 12A, 12B and 12C illustrate the integrated circuit, as showmn in FIG 5,
bei ng | Hedeekpge deden sysiamad6 dor thaiC 22.0r ned as a cover, a socket, or a frane,

or I'ocat ed opya pri ke stk ROALe 16ETRN: LA HEYING S19PAuE0eq

and/ or power connectl! ons as a con UCtOF as a

trace 1iSFIG-RGE wdlBadslitbriade cddnuatdnabetv&ew aid sraogee 8ygerdbldcke FIGS22.10as
shown in FIG 15 11, coupled to a renbte circuit 52 located in a connector

140 or dhistatperriquspacksgns depignysystems LG donthe KC %easw@\m G Al RBGS2 11 as
shown i (i: e% , %San% ‘ibcl ﬁUStpa[qg {H3n ggr\{ipedtc?igl?lt agng% 81r t5 bren}_gl%cgt%l PI‘:E !lalgg

capaC|tanc each ‘bei n ocate one of e connec

conduct eénnedtbb1 1prfomdtd§a JoCE, 4 ddckeq br af¥mesHlberddd ¢ha pie€ Oikcuifdard 20
illustrates the IC 22, as shown in FIG 11, having nore details of the

t her mal H@Bl)ablérmdthawgtsmh% andornies eERA cenrieetions orEEdas rtoopucsyrsiiendor as

shown in F IIutrat ackage Sys or
the 1 24 REBge AP o e en % B B SRR |G R S i o 5

i likust r af ePupied a8 KMt cir@lfit R cHYS tm&ﬂgeasﬂ g drivd 4 ECB314.ap1G1Q8M g N FI G
21. FIGS. 24 to 26 illustrate package design systens 16 for the | C 22

havi ng phwerate tloaliCa23 and the RieR, @m shdaven inddGOf 13 el 14Chaving Biveltaggregulhtas B8 at es
an assenb of the s em usi.ng the 1 C 22 shown .in EIG .26. FIGS. 28
£0 53" 58n decuplinkayaiantn A st hing oSstedin Gie oo SplPusn G, Sifedondistr 4
33 illusig Q)Tr%nttlﬁel’@Brl@@C(;r%?%&%bmaﬁ&{ R oASFIS. ?@QH@srtraféE i ©OMEhs sHiRM g t he

decoupl i ng capacitance 42 ormed as an integral capacitor. FIGS. 34 to 44
i|lustr&i@ Maha\onlgmn@waﬁmfttbe thfermaimaahemqmlt sysiene AP and therdddl erissiohor ned as

an i ntegral [ carr| i ntegral connector

F oo St SRR b %y wRan Pl Ronar i Exfustls 5Bes FriErwaRms B ous

embod! MBR'E A nde ;5%%%9&5{}9 Lo%gte BRA G@\GIATE 25 OFPD ARl o asembly

di screte capacito carrie e connector 112, forned as 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.

18



cover, a socket or a frame. 18 WD 03/028420 PCT/ US02/ 30591 Referring back
to FIG 1, it presents a bl ock diagramof an el ectronic device 10 that

i ncl udes wopswes42del i very system 12, a signal transfer sy®amwshd3osal package
design system 16, a thernmal managenent system 18 and an EM control system

20 for an 1C 2 The resent I nvention finds |ts greatest utility in use
with |Cs in Retsring backto G Hrigeseats grtlogkilisgram ot 48 glgctronis deviee et of

conput e{n% dld@ya pb&/ﬁféﬁréhlvé'%a’s @%ebs&@%ﬂaltt%gfe Eydtdnd ﬁ@%&%ﬁa}egd% Wgrr? E%égfi%%e may

be appl to ot I n other app i'cati on’s vety
system ﬂlﬁnpalamrdgsmpmsystemd 8tand ah EMDPéyntrehsylstent 2efos agDE221 Taapfesentsyst em 14
transfers signals to and fromthe 1C 22. The package design system

concer nEIVEREOTIARAStifs geatesh Uty im gsgwith gein the f%rrgfrnﬁgrorrpcﬁrﬁoeﬁh@tr?ée pgedin pay

bes hel g, I g
opdr at i 5 MRS RAR i TRR RAEERRL et € BB ot fag B A
toward toethérQC3asedli metmmpphciabmsz €The oyt eenvlaiy s;&tem)lmbmdlde@ pbwer tbGheC by
way of a power connection 24, that preferably includes both power and

ground ébigsleche sispplgransispawsiem T bransbore signeals fhand fresm thedl G 23. (Bhernpckaesi n
|
FIGS. 14 gg%ﬂ;@ D d&;&%@ bR o¥sthhcBibn gr h%\cpta!:l&'ég or%8ﬂ£l§§ d\%hch 'i‘r?etlc ifﬁ%g%ﬁ”t S

power be romthe power ystem

t he | C h8d Rhilethe tidrmal mepergeﬁleﬂtt sys@ngrmﬂ; thal® 2bduﬁ@ 6mitﬁﬁh tﬁél@ﬁf ztdal&hda C 22
to the Eower delivery system 12. The signal_ transfer system 14 is coupl ed
t 30t he EMIzpntsgl sysipmiodO RlogksdiMl fremiidews8theol 22.whi ch may i ncl ude one or

more signal pal go@? &eﬂ%ry%gél&hﬁzskg 16 {38 R?%i 8%&?}? oﬂl Q\gel’s o.'ﬁg%;c%on ths

and rmultipl e”si Fouted over separa exed over

one Or fHat ere?e@arr;rﬁtlhsludéﬁf'rs:btrs;?1 |and(gfdiﬁh@tcbﬁ1@012&1ts?qn8t)sho$vnpr rfﬁep@béry a
bi -directional connection t 2presents signals routed fromthe I C 22
al ong t bennstliprel4 thugraiedm 1%193& e and lantﬁf@a@vrarbs_drremoeal gangestiondhatsi gnal

transfer st.em 14 tQ the 22.. The si nal s t i ncl ud nd/ or
oot or Tepfotiss i etnd Rfidd B R e it HEINP st 7 bk adbfiel Bt Wit OF
thg 1 C 22 madidonepresiass 4 HeurbpaR Bsing veitePRomithd 121 fo taa pbﬂeladdm&s@@ysteﬁl wor k
with the various aforenentioned systens 12, 14, 18 and 20. The thernal

rranagerréht system 18 is pr ef erably coupled, or attached, directly to t he
22 PR L e R PERL ORI RIC 35 ST S BB o
connect Wi phiee Snd flbfagiufpih o BANTAEE 'S%.?ﬁféé*édny?ﬁ?{fgﬁﬁg?‘e‘%?%%‘gies and
t o r epr patbnandameltipbodignads vy be taded ovsnseparmte prthaer mwitiplkyedever osyst morel8 t o
' r}% 'c %z%ths. The signal connection 26 also is preferably a bi-directional connection that represents
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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The EM control system 20 is coupled to the 1C 22 over EM connection 30.
The EM connection 20 represents a path for EM 30. The EM connection 20
shows a bwodiBoesié onal 19 WO 03/ 028420 PCT/ US02/ 30591 comaadaiSososvD
represent EM 30 generated and radiated by the IC 22, and that radiated
towards the 1C 22 by other circuits. The I1C 22 includes a sem conduct or
devi ce FAVICRPTHRdeRESSHHEMIGO geperaied apd radiatedshy the 1G4, anddhat radipted tewvards the
describggzggg%ﬁm Fﬂmﬁgpport t he advanced sem conduct or technol ogy. The IC
22 is pre erab y a m croprocessor, but may al so be any ot her type of

si gnal proce3ROIC 28 iredudes aderdicghdikkor devigaAhving onea3a6re(0PTR) charactpipli¢scaidi on
specific integrated circuit gQ§IC). Alternatively, in appropriate )
appl i cafqayiementpeseribed ahexe, Fesuppert Heradygnred sepichndistey t@ﬁé‘ﬁ@‘%g)’-d &he Ke224s
coptrol ] er tr. 1 I i l.eg i C i Ysiem
030r ppEfergfty arbBRHRCElSE, o8} oy WERSE L pintDBpE LERAAG IR o R A
syst enssighdltproesor (DSPY @t pplicdtion 8pécific Mtephated ciEmiAISEC S , AlehabemTuni cati on
and nedi cal devices and s¥stens. The conputers may typically include

wor kst a@PrIpRIiate apicaiionsnide 1o 2apydhe %Fhsgg@ﬁss,mh andl memery: demes; acentreliarsonal
digital  assi.stants and the like. The telecommunication devices and systens
may incfu e conmuni cations systens, satellite systens, mcrowave systens,
| and- based t ghepleotenic devied drigstemSIOITFIG Nidpidteits P typawf eRBicatiangloess 15

t el ephone systens as well as Internet systens such as servers and routers.
THE nedmeehangeal pyséams thatdiss yegraed chelitsdsuchiaa geropetess, telasamyunicatioiand eat nent
devi ces_and stens_and. t he Like. | of . these.devjces qQr not be
por t abt BeAEEI AR Bnd Bteie e Brplere By (yPRRRE RSP uRYer®! 9 RORARY, 1 s
havi ng AoteBysk cott@iuiters Mndhesd esthpiliark, peSsoh INaagika hysisidls ¥y b liReedBe t 0 be
periodically replenished. Such portable devices draw direct current (DC)
power f tedgeotrimeunication dedrésvand\systems yay applude aopnnpeycagiongisystantsasajellitsl sysigms,
non-rechar geabl e p L S ly,. Electr.onic devices that are not portable
Are 1 hoBLTDNAYe HAE s et Eong Py Rl Sy CTRLD PR VEPS o ¢ he
pquer deldphehy sysktlewed] dsnfehifet sRtdMOfuchbs &aé hitDrottéid. eMMe théfidal HepigRaN

AC power outlet’. Usually these devices convert the AC power to DC power
becaus eandhsystetsAfclude diagndstic,poakytic akbweanment denicepansd sypishisead itheniske. tAlkof C 22

may draw AC power. 25 FIG IS tail ed bl,ack diagram 32 .illustrating the
poner - dHEpGAREs sy mas ok Be Bpreshiy - Tsaakiag devies G bOFeliE s BIend s 1oy
the 1C g artliiaRMEe pofel UMBfeYy $H6EInERat | téripdriqemdavhiBPNEREs ﬁ%%éﬁoa&au?

connection 36 between the power supply and thé voltage regul ator nodule, a

vol t agerapéapidhad.oSuctophutable3®yicas damndicrt amreaO(IEX peren fiohethe powagdelivegul at or
mpdul e and a

T B2 SRR 10 SRS LR (B SORRSEAI SR, T om e
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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30 desired, a connection 54 between the voltage regul ator nodule and the

| C. The signal transfer system 14 includes a renote circuit 52 and a
connect i owoal/obs2eveen it and the I1C, while the 20 WO 03/ ®28AX02/30591

PCT/ US02/ 30591 package design system 16 preferably includes an | C power
connection 46 _and an | C signal nection 48. I n operation, the power
suppl y Berkagsdesimeysiem laéméfea%hlx/@rsﬁl desan Lepewggiroapesionds gadar [asighthe power
connectb&ﬂlé ‘}I' e vol tage regul ator nodule 38 converts this coarse DC
power to a relatively fine regul ated DC power downstream at the power

connect i on 4hh gurtatiohathepotver supphs34 mey dartbrito a trélativibie conpde rogn] stad BO panareat 42,
which 42 stores a predeterm ned anount of this regulated DC_power and

pr ovi deglelplowlebc‘?fﬁ’éall@ - ohls \tq%@gwﬁe#at%m&%wnxm {&is qogrsg Mfepower to a

copnect | u r 8 may
cuppl y. [Ravel s dinCpS AT o ARl BT EACU BN BB o T
1 C wit hﬁwde&lsd mg d'édi‘tﬁlpﬂﬁgl embitme 420whieh4g lstomcaq)réc?eterm@edl dméing 6fdhis

connection 48 transmts and receives signals to and from respectively,
t he rentagalagadridGipowspang provides B itq)haICamedhe p@ﬁerwnnqcmtl Hé tq)tswww ivery

SySt em g‘ %h o Inlpélp% pgwgﬁlat?ﬁy%et\?q{lgo % atoq 'mo élll %‘e¥ V\Ené)?y th re ulath

-direc ona 1o resen exten

syst em Didsdeeer dibetly RAneIC p@wa&mhmﬂmoa%lom tHel I8 withdus u§lh§ tt&adﬂeo@mghe power
connection 44 in FIG 2. Likew se, the 15 signal connection 50 shows a

bil0di r eeanagitanice éenAbelC éxgnalcponeW@g éﬁttramrgmargi 1eediyRy sigvalsde and Gams he |1 C 22
to the re%m%rtvl %wt 52 c lg 1atge91 ent esgg{ég(gs being routed fromthe
renote Crreditys tr%morteﬁg'f %5 & RGPS ve with reference to the
si gnal connegf ihePower débivehy Fkleih 13, BRchSdfAR@powRBAREHLNB R ﬁOl 4 41dG4 sholwsa t he
sanme as the signal connection 50 in FIG 2. The power supply 34 is

pr ef er abi-girdctionalde represgntmwsr end groand extending h@twetlea,dl acsnt sySttgvbIQQkSO rThe20

t 10 G 3. .Th
S e pokeroaneiel 24ga FIG bt ps it ol B S PR Tk o

the el eg gﬁa%ﬁn&ﬁuh 68 sHéw§é’§fL&iE@c@19nal B ReRtion fo refaﬁaeeneg@ﬁmg 88ing r@lﬁé’d ﬁrﬁmc’(he
system 10 has a housing, enclosure or the lik the power supply may be

| ocat edIC A3 taithegemotgtciricuié 52, lrad do feprdeentfsignals| lgemgtl‘neteécfmm thcmgpw cBqumb? ko be

I ted i i th ted, t t h
Py our oI o PR B ARl t SeBnSbEloh e SN0 e siEhy ©
the powegnnsttR Y6 HBVGE Y Rd G lshite REHERIBAREGnh&:toRS0qk FEGde of the housing.

The power supply 34 is any type of device that generates power and which
preferably Thepewtrssupplyedd is prefirebly dvoatedfat alr¢neotn dddanion outhe electrégmdCiletice prower

i the f d t t t | Lt t. 36.
Satth ACBE B e aitn 4.8 ot e (e Rin ATy P BB et ceru way
devi ces be gy Q@étﬁfﬂ #gds @’QP&\S% to/deli®dr PRWeY &) the cleBBorROURNicSIHRRS¥mID. Thohce, if

gener a
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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30 the DC power directly froma DC power supply, such as a battery,
capacitor or the like. The power supply 34 preferably generates the DC
power at worosloatdewel y coarse regulated level to m nim zepPcharsow3dsoand
conplexity of the power supply 34. 21 WD 03/028420 PCT/ US02/ 30591 The power

supply 34 will typicall é%tnerate the DC power at a rel atlvelﬁll hi gh vol t age
and rel ati véngPPVEH Sigp Wlé!ttyﬁlﬁ@yp%ﬁwatec@ﬁ REcPowssT abg relativelys ghdﬁhagerﬁnﬁhe

?re][ a? T VR‘](? 85#%‘%@3%“2& ’c? [ ve lbﬁ %h%c{@n Itﬁgﬂl@@%e céor di ng

to the Hbe/feeérf ta IemQﬁamhﬁe DU gower pr gsletively wendltape and pagivaly high current.
consideration 5 is given to where the DC power conversion from high voltage
and | owlBerefospitaceqsdmgyip thei nrefgeediprgbodimgnts @iﬁ thegmeseninyention, spgcigbfqnsigerating

L0521 OB 00, X0l R DR Bl Rt Pl B

vol t agehigh@utrentis fate, 3 wativis rthealdwmwe@ytfd of tIREPIWdrTosBsEbnd for e higt ed
over power connections, such as a wire or a circuit board trace, that are
constr u&@lé%eolpvvapm@nbpp\mr al for &mlmu@ﬁﬁg%hmhlrﬂur@m Remewet.i ve mat er i al

which mnim se co

materl al s naélnﬁiég(,gﬂ%ggggrétlo c@rreg%n er\fe |m1<asge§%%yf)ﬁnm ﬂ?é”er%e r83 é’ﬁeof
t he ?@\e& @RneEctiohs, GUER adXOrirel of Haircdiioatd fiecPDUEre COMNMRGIH @S rmﬁdely

typi cal deternine the nost anount of the conductive pl ating on the

cilPcui t hblata/letght Fmeuntrif cRrdisvomatepal, @@ﬂ@untnnm@epﬂmcpﬁg)f dre paviee conmrestipns.

board t h t t
o foct SueRSoRaNE R BT % B el FohduclfE e BEMETReL e Bedet of e
pl at i Ngtradks Shfal SicBR boAdeRE f6tim thPolRePEShnediithis Wil $fpi 3y UetcRinBié thé fldsCi I cui t
board power connections may sonetines drive up the cost of the circuit

board. Evoumxd mlgﬂ enduetyeplaing oofthe;@ppletrbogtctat]“hﬂqhncmqsy pf thalcbpdugtigelplating anr y

1 o e ot iRt pp Rl e lsBRE abs  BE b ekl Borf PEGhs St Rt eidlemtifiatels on

the ci rEélééthBzaa’ gl y diffefeRNihédis or tﬁlckﬂé%s&watﬁlgmwfféénméa@ off hedfdafi tTHE

| ow vol t age, current power, then four ounces of the sane plating would
be needewbt assocnated vathr drouit Hoalairpw“teo comertjortshiaty samtinesdune uptheposierf tho t he

conponents .on the_board., Such a rcuit board havi e anount
of Db at Prgs et cReRedil Jreiinee Sk e BB SR Agsrta s wolfach
embodi MR Surfdnt DTV EHRIM tHeDEFRE 5upip1yPIU] vaSthE BaELs RGHe EifcuidRhii {o agbeW the
circuit board traces formng the power cdonnections on the circuit board 25
prefer ab]leytrlcaalraommng’rts vouhteden theosircnitiboandt Iﬁ)@)rpmale if thaporeer upply 34omere to

val t age, curren in org%rr to m mzetre cost . pof circ
balr 4 prpucien Y%@saﬁeé'&urgam roihen {al pynGeR g [ sams giaiag dvoutq B B
DC po""efhe‘ilufcgf% Tbl)é‘rdftﬁ gt ééﬂleteﬁiﬂcﬁm'f Sgw\@ér% tHE‘E@l#p%R ﬁ{e%at‘ille AR ”9
capaci t ance to the IC out being route rou circuit board
t r aces. circuit board having four times the amount of plating is significantly 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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The vol tage regul ator nodul e 38 may be any device that converts high

vol tage, low 30 current DC power at the power connection 36 to | ow voltage,
hi gh cur reotosDB4power appropriate for the 1C 22. Preferalvcr/usotveosvol t age
regul ator nodul e 38 generates the DC power at a relatively fine regulated
| evel to mnimze the cost and conplexity of the voltage regul ator npdule
38 whi | Baxpmizipgthyspestosmancerntthe jepltaeg irpylatorpagduis 38 nEhe teemy csopsenat dings” t he
,YOl tageaﬁcﬁ‘gﬁ%@’ta&ﬁ “ﬁwu'ag“ugé%'he é?ﬁ.atr@feﬁive? st él?srﬁg uiglll e perf, Iqﬁ"ﬂlce Pﬁ(gh and
| ow," as used herein, are relative termns at dis gngwsﬁ)fﬂe perfor mance

and opeperiticinofake pdveerzapsly 3dunglthe Rtagatbghilatorneddudgis, had btealoonténddd kebes 8,
and are not intended to be I|imted to any particular values or levels. It

i s desi Hawed ta #utpartalargalugs ar lexgls Hivdesiabiatiat H yodtage regnlptor meadalp 3&isa

rodul ¢ of.lha6H & EnBAt ol HAOLR G ELA RN e GOTRARSL, oA thack sligoesSarY.

noldnt ed on a separ ernative age fregul at or

modul e BBufiel oha sef@Me icirugit Behrdf Atteinyti th1¢ ahev6ltapk kel dtolcasMOO 88 iiy®e only
integrated circuit conmponents, as necessary or desired. The decoupling
capaci t eenstuetod ahgnly disciedeCiEamt coppengtts Iy integieted eeuit cpanoupniesponer 10

fromthe | T ecoupl ing capacitance 42 advantageously supplies the
| C 22 wg?ﬁ?%naﬁz%rde?l?%(gsi ent currents when required, as described above. The

decoupl i ng cTRQEédoaPIE: dpatihyicds? niaginthelietiny SRRATRbacithsR  tBit@leEaPphsijoMes OF
an integral capacitor. D screte capacitors 1nclude, wthout limtation,
cdPani ciromdhe i d2 dheldepsupling eppacipapek 42 advantageoushl supphgsdbe 1623 withddsgh he

i ke, ichtma hav Ieadedd ordsur.éaé:% nou % nd connecti.ons. 7[Such

capaci t BTt SBYentE Y Gerbrehiry 25 R HRCLaholE; The Sebopptly Gpacitilie g gy be
advant agfReg by sdpafivd discrifeRepAcRorS J1QH iSB84al dapaditdrONSschdiélcapasivds kithue, Si zes.
The connection to the discrete capacitors may utilize conductors such as

si ngl e without|limitationagriamicy @ntatim apdgelded., porketed acty galkegaditoas] and g likee

| i ke. The.aforenmenti oned discrete capacitors be integral.ly formed with

. car ri BPAREY TANEAT S FOM G ORBRAGT O youeh dpAe DT it

sqpar at gghe QXp&itgx‘éi ‘Iﬁgﬂé@ce ?ﬁﬁcﬁﬁﬁs%&l@anté@%ﬁud}jﬁbﬁ@[&'pr%ﬁ@ﬁﬁﬁe@r@ediﬁb’atf%ﬁs Eh@i d or
and may be 0 ,

20 fl exi'bl e, or me a soli liquid, paste, gel or gas.
| nt egr ahavedpagintsores. Thelvemedtipoioshg/dipaeteicapasitatsonaysydze fcbrductarnsuchsisapes

and conf.igurations, The. decoupl,n ca itance 42 i cribed in further
o o e R Fir SR PR I Pl e R TR B RS
and t hedﬂ&%&t&w@m rﬁéfﬁ@hﬁ@g%’l?y £bemBBRWith G GRIP1RGranlt ARARRERRE FRitR WA

y
to formseparate or integral, nodules, 25 devices, or conponents, or the
| i ke. Praegecpaaiile) platdsesepayated by appitabl8diclettnie. Thk tizgeral eagadiromaybdugel 88 and

L1 decaunling CARAKL Lance 42,818 L Lctad separ Ll v o L Al Lerrat i ve
be desi Mta@éo@ly permit custom specifications, shapes 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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single, integrated device generating |ow voltage, high current, fine
regul ated DC power. Still further, the voltage regul ator nodule 38 and the
decoupl i ngooapasize ance 42 may be designed as a 30 singl e, pPcaiiesge/aised devi ce
capabl e of generating decoupled, |ow voltage, high current, fine regulated
DC power. 23 V[hg 028420 PCT/ US02/ 3059 qu IC 22 may draw its power from
the decoupl i hge¥ éamy 2 1t3 oYy PRTeR Ehe,IRRaYP IS BRI ABGF 4P4Via therRostRT t he

vol t agef&ﬁlgaﬁ]&m o e ke &ﬁtagé geigaﬁ?orm& %ﬁﬁ%o,}&%r%éme%ﬁoﬁi% I ‘ag?red.

Typically, the specification the 1C 22 w ctate power Gut put needed

from t h&ypiealbyphd spgcificapms iof thed€ 222vidintictate poolet agtput iegdddfrom tiddacbepldfy. | f
the 1C 22 requires high transient currents t he vol tage regul ator

5 t hat
modul e S¥Pagitasice 42 ARG8T valiage segplatermadile 4% 1félﬁee10a§%mqplrﬁsr high gapsiens GRITeTHE

capacit I Y LEth nodul e 38
C aﬁ S af}?igﬁl;? %Hgg% Ilr%gﬁgfog mdﬁéteﬁge n dse c?&e%ot} i S?tfésﬁ ’bgn %ﬁﬁ%&%%%éﬁ% g?\ ﬁ{eh e
decoupl deupkmppcipaanmee 42 id eedal. Aleedindlyif the colige neltohasdde 38 bg power

connection 44 includes any type of connection including for exanple 10
conduct fajely thg yrapsientearrents aeguired 8y thed Csd Zathenthe decaurlinggiapacitipes 44 igimat

connect | . ..and the circuit board may include sol der, |and
grid arlrlge@e(?ﬁgﬁ‘)%?&ﬂ)é% gsghg:s S'array (P&A), ball grid array (BGA), spring

contact and Thépswérd ddnhédtioaddnigdidesafy tyPe®f camrelidn eluding¥at exafipts f ace
provides an interface for transmitting signals between two conductive
pllft es peidupldve canacitivel imduetiveand signikae permeeteenshylhyg signpk eopnectign detvacnthe 1C

mat eri al . he. i nducti,ve . sian i nter e oVvi an 15 int for.
TP renr e he bl boht bRy IhARR sl FARES BESYARER, Blh bt S TPEAS B, | o1,
to one @W@A),@ﬁﬂn@&ﬁﬂmhﬁdomm dmbaesiRhedtiths e Uhélt Hphcifice sigld) entednat €

circuit 52 designates nmenory devices, mcroprocessors, digital signal
pr ocessprovidep ph iderfacsfosipansimittiog signalg betweer fwe conducig mdytes haviag & swifable

ool s afitehd TR AR SRR it D L S5 R BBt g™
ditkf er effterflce G PiHsHitbihg Sighils botw e W& Esndudios HivEipal pLRANA G e AL &R td'EHe

include signal interfaces such as conductive, capacitive, inductive,
opt i cal anathexreedisemsraed by apredatetnined distwse.si gnal interface or the like. A

conductive signal inter. rovides a gal.vanic signal interface that

el o5 upon: HE Bmets it Ssfirat: Moty detRoniron e el el Wai on

i ncl udepsRLABE, apPINAEEH sRREhC IhRBFOEHAITARAYS abbfdVisk Mivk, ddr ShtBIERYR VIR,
(P& , Bal | grid arrays (BGA) and the like.” A capacitive signal interface
i's one trhmmittery recevason the like.glnadoselnpplieations, e pwtedraytH2tand tiredi(c22 may be

plates, preferahly of siml.ar.si.ze and which are separated by a suitable
di%8l ect Fl'[%csa‘ll?ﬁtoé }fgqre,:nt(gfecgppl_c CKﬁmfsrP&@E‘(lﬁ% signal interface is one that

The signal connection 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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transmts signals between two conductors having a particular orientation to
one anot her and separated by a predeterm ned di stance. The optical signal

i nt erf acewproswsies an i nterface for 30 carrying signals nmedalebedody a
transmtter and denodul ated by a receiver at an optical frequency, such as
l'ight, ovef .a channel, via an opti.cal wave-quide, suych as an optical fiber.
The trHﬂéﬁ?ls@f‘%‘ﬁt‘?rﬁr}@dg&&ﬁ&Pa’g FRIEROF SYER: o7 eekingling HEbs dke § WHEleRy i ng

si gnal Ssi?ﬁ'ﬁl‘@ﬁl%fffu%r Cﬁt@@id&é’% AferhQ: 8302372 Qﬁgﬁg%é@tﬁ?ﬁ#ﬁﬁ@éﬂ a‘ﬁg he

conductors, 1nc ng coax, mcro-strip, -p I ne an
| i ke. Themedulatbeby a radegeakbt 4 ntierframengyroer desliafiequeney élmneaelfvia a caio yi ng
si gnal s nodul at ed 8% glcbran_sn‘i tter ﬁ% denodul ated. by a receiver at a

radi o fFERRIEFON B¢ &8P Of FRAGEre RSP UHbgRRIYer NG signglgnpectiophtrh 080N
nmedi a, . 7 ; i ct i 4,
Doy BEAQIRRALIIIC 20y RS HahBEnBUBend RPN B IR LA,

as a ci assainblyhphrahd seclge assaimbly, gseadséniblypsoldacbndociietadasssenpinyg, sppingg
assenbl y, solder, conductive adhesive, pins, spring fingers, and the |iKke.
FIG 3 fipgarstandilelike.t able 56 listing alternative Iocations listed in

Col A C - : : ] : 8 52
oL s Ay GriG 20 es S e RD: UG ATRASH it %, iR
G | an¥ thereef fogesch dystempsiock3 438425 23@& 52 6howitin K6, 2 48d aldditatb@ cofndctibns 2.

System bl ock reference nunbers 36, 40, 44 and 50 of FIG 2 that directly
cdPr espbstad Colyging i O, iFn G hand bbstweepthg systerp plosks poAe44.1#0pdt.@nd ARSfs i n

the tab 0 t4 i .rect s to
the poublC domasty SRR oI frRREs. ABRRURREANT PRt 3 bRkt S RRNES
nunber scafmns & thé2abld 66 ardhot diclésed iPparoithésiGn tRe fabRISG. b eLGhPlY, tBOpSWEDLON
15 to Colums in Table 56 are enclosed in parenthesis, such as the power

suppl y eennsftiqn 3 dipectly watrespondgtotthe perseteconrastion descrived m Colpamd Rawnl. A, Row

1 describhes the.lggation of t r p 1 Aot

B o nebPEm s pbers 38, BOHS 46, 3008 g Sobres 3 A fraBeuyyt fpespond,
i g5n0t  ghO¥Rninelin Take 56farednIdséd/in Piestsls, suzh s fHagiowee suppes4 6OFIRCL | on 54
includes a conductor and a circuit board trace, which is the sane as all

of the owdicating thepovter swpply itaglband golupm ARow 13tesafberthg logution @f theepotwgh| e 56,

th I ' is d i hed bei hown. i I

. row Sreei e 185 de AR oNGE B3malt B abBIRIChefor SH cha e
power sgpply id Sot showa t@Gakdlo Bt UHoRRYE, PlERive\WeWef Eifedtivn J4aiBILAéND
circuitry of the electronic device 10. Thi s description is used to reflect

pr esent cemtictntind a pacwtbdand trace, wbihgnthesamp anell oSig wthes sonngationsrliste@dsn

relative icgted circuits in their owm right and are typically forned
a Onoduf%iefﬁ‘g&kfﬁterface to the remaining circuitry. The term "renote"

does not i nplyR (5418 56&NREpERER LAY ISaRon is described as being remote, as shown 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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where the power supply is |ocated far fromthe remaining circuitry because,
practically speaking, the power supply 34 is electrically coupled to the
remai ni ngwoismes4ey. The | ocation of the voltage regul at orrOTockeb/e088, t he
decoupl i ng capacitance 42, the 1C 22 30 and the renpte circuit 52, as
descri bed i n_Row one, .. E, . Hand K_ respectively, are each
descri bed as T?@P?fb“ef)@éégt% vige taatce@?ﬁ&éﬁwoupé??% ‘1}‘-2133’@E sighalp & afleddra®induct or

25 W0 08 058408 B TS AT e p SRR dica im0 BV APME BB

coupl essighgist The ednretignalss hasomecharicelcfeatares to fadgitate the eTéwn@ll eainettial toshgnal s
carried by the connector typical]y_include power and/or information
si gnal s legmisaldsvicsc i theprefsrrad empadimsnis & fhemassent ig¥entiony the cppnegiog 1s; frgned

glngct rigal . &%?nfﬁédqé’gn&/&é&%ket%?&&ﬁtcal device. In the preferred

odi nent s e present 1 nvention, the connector is forned 5 as a
cover, a frafMaeanciitboard mubttraft@whtchendlﬁies’ﬁhe ot imbeeliayerd 0Anchcbadwtiseibst r at e
whi ch includes one or nore |ayers of nonconductive mnaterial for carrying

conduct Maerighfgsgarrying ém@evw%}% ofheryisg kaawpps g areoniaed padsThbe eanducier or
IS a dey e Jﬁ&athat%e%?ﬁéahggééaﬁe&{i%gﬁ s&hagtﬁfohlc&{e %&ﬂaﬁ ek 12 gr{b%hernal .

el ectronic device to ano ronrc aevi ce ectrica

carri edelytrérie deded ur:ﬁeoerledtﬁim e@hhly chrfied by eheRneiictangipietilyl chidg pawSr anfing
conductor may be flexible, rigid or a conbi nation thereof. nE‘I:es of
f 118xi bl signelandhe cesrdaicior maudpé ﬂ‘elx . Ior B8idi qr@@pmbylatmn Hissepic Bisaraplespf dexiblgp| e

and the | 'd;_llgg?r ﬁf&g'ﬁ% 1%1 O(Ilrc?ilt gl)c%l 8 duvgltre(:) rc?lhlre] %n&‘ %%ﬁlkfh(}\nne\)/(ent JeX orf% i

C%Il
circuit COﬂ IVG aces SpOSGd ereon e COﬂ CtOf

usual |y rilgic@n@dctof ﬂ‘ncmfiest zh&nﬁ@hﬂibn@l EigditthobRiwiEh c SNV tyacksfliepdsed tﬁe@eofﬁs a
not her board. 15 The power connections 36, 40 and 44, and the signal

connect Thpcemiuctos ifessighy Insated affedihe waia, circwit hegtd, @mmmpnly referedsto as a
respecti v%b% re each described as being a conductor and/or circuit board
‘trace, lg%arr bed in Rows 2 and 3, respectively, of the same four

Calsunms. The ThehBwer CRREMNOBS, 40Nnd4sartinh6 bighill BAnGEBR 56/ ds\icsRMRg it Rewsame
as described above with reference to the |ocation of the functional

bl ocks. ofrhé}cétﬁmnseB PhE antbhdgsp@@tﬂvqlmyres@plvéesagb@bwbemgea ¢anduetpoandgdr oitgwit 20
functi opa

| .bl ocks .and.t /or signal nnect The traces
br ovi de e e 0 doppRe REVER 4808 Brpesidior AERATE B Coniins, TRSEm
noncondueaﬂdﬁ@tomheﬁﬂs @bscnfparm ekl iy Heddk @ dahfeak dedcaiBad BbovENath RFe@&IcE k& e
signals carried by the traces typically include power and/or information

si gnal slocztien bbibatfirstionafbladke TiTrpiove thecrondeatorn may skdveassbatihthell@ativynhthe
NN T N MRt
bot t om @fspba@ dnonedr nfte BGES 0 RAINdAILANR nfateril ABFchryifiEaBaRLd “nYls. Thet he
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

AN 13

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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same two colums. In this description, the terns "top," "side," and
"bottom' refer to different sides or surfaces of the IC 22, which

t ypi cal | ywmosng/obgi2eéquare, circul ar or rectangul ar, and t he®eT/E80/360l at i ve
ternms used for explanation purposes only, and should not be construed as

bei ng m.ted to may be .co ionally regarded as the to e,

ot t grm 1SERKATS of ol P BYBRCHY 0 Stk b AR DB oM Guirt dseebBingiandrc oo
have Suﬁét?ﬁﬁ cl@eas that are greater than that of each side of the IC as
is typical wth present day 1Cs formed as microprocessors. The 26 WO

03/ 028420 PC‘IWLIﬁﬂﬂé g8a8dl ovbvoext ofithe table Sthef HIG. ﬁ@mﬁhxmmmp@j DJEAG @il If he

| C signal nection 48 are dgscrlbed in furtfl detail bel ow, Wth this
gener al a‘Eﬂ/@ siheds 2t heds Bablle 356 2andp indivaluglalicrpdives, respectively, gows 2, & 1
I, &J d I

al Cor nat i srienes MRt 3 tohe dod sthogt anf ot dhcruBt Aelnd B 1 g

al one apéksitlé bmﬂblnaﬂimSQi.élarx ZiEQO{I pBIxOZIX Gl’x 3x @lXI’ZEx 3GH BleS@S@Sthvaaﬁﬁds
possi bl e caonbi nations (i X
11, 664) individyad al;@mm@ T.hﬁ &pmbempoaﬁlble f:wabx%%ns lhfh%raﬁm ﬁ%ma@r Wﬁb%@i %hueh

i t t
Tt notieratier U] Bt 1 SRR M0KSTe) Bl o (HE pRRIE R Yo Bt ¥ P
the |1 C f2 thealC mmamleempn:hfedtedTmhe pfe‘é&ﬁﬁtﬁvmﬁmemno@meaﬁt to bk lifmedto this be

limted to this 1Q nunber of possible conbinations because there are many
otlRer f Bamberef papublgcombinatipracdiecause dherg e anany ofhs fpptwrseand dliserfivecati on and

illustr r i i th

the. al ¢ Srptptdiod i pREGR loitialth B34 HidRhai I oiF pHSAS ilres ERTRIAD TSP

var i ouscompbidhtidrwith tied dRfndveviatedinale @Abletd6e Faaher, tomBinkHsbf MeSrrionsr ease

t he nunber of possible conbinations. 15 If the al ternatve power

connect ingividuplalemgiaves vigd #dhe samedime would| alsegnerapsgdhe mueler o pesstble t he power

connection, 44. as shown in FIG 2, then the nunber of total conbinations
woul d b@mnpgﬁwxgd by the 3 |nd|V|duaI alternatives for the |location of the

degoupl i ng canAae hkanseepdwrn doxmécndrhﬂ i8 ublwithgutathe aédoapiad Eapesitanee 42 bel
type of the power connection 44 e., 11,664/ (3 x 2) 1,99 possi bl e

combi nathemos)er comertia@si4, 4asham! i . 40hemthe pEmbet @fstmaé@@nbln@th@wld be

h Fl t t
Shoun ¢ e By e oL BANS o 1515GT0R0 G e SRR R
packageiesing Q’lcﬁiéf hiedhaBres Fdr@he tPe bf the pbivet &nnbtdiRnl44 (2é., ¢, l§4/(31>6 2)99 13094
i ntegration evel 0 and includés a sem conductor die 58, otherw se known

as a chpessiblat@nbinatmahs).he |ike. FIG 4B illustrates the IC 22 constructed

TR o Rl o L DR e R R SRR G A b i G S”

the IC g‘l%reasmg 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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constructed at integration |level 2 and includes the sem conductor die 58

nounted on the sem conductor substrate 60, as shown in FIG 4B, enclosed
wi t hin a wem3messduct or package 62, such as plastic, ceramrca/asogdeshe |ike.
FIG 4D illustrates the IC 22 constructed at integration |evel 3 and

i ncl ude%&t ge sem conduct or package 62, as shown in FIG 4C nounted on a
ci rcui t 5d5r4d 18 goRsrucisd paing ptesralionuleyvel 2, apshoyndn FlG: 46 pHewevgolysfre F| G 4E

Lo St ! BlftSpdfiolie AAARNANIHE g Blon INEPALELAAN P 8. 200 T0e! udes the

sem conductor package as shown 1n 4D, nounted on a

| ar ger ci r cuilhe bariowd 16&]s cfanegraties arcefiwstraed forefBere Balynaidaauld not be

Preferably, 27 WO 03/028420 PCT/ US02/30591_ the IC 22 is constructed using
i nt egr atift@Rretedasibeing gidicalhpdgiined. Fprpusombigatiopepf the teyvelgad intagration grat ed to
beccons [ ' ' % N FLG 1.4B,  The. vari ous
eders BRSEREHE PEnd S B IR Bbr B, HRIUMICRAG ST iE Sy il oo

i nt er pr te@gmadnbiedti0subktidté 6@ds ¥heled in G, 48amiap s nvaRid iaktNen Gk AdBc4evel s
of integration are 5 possible which are not s%eci fically shown. For
exanpl eWitheet usig the pemicenstuctor padkagepunt kgwisg, the remisendustnipaekage 63 asshewne

60, as %*ﬁ‘@ 4-bnm|§1|3%e rﬁlo%hbega re @y g‘g%h%tﬁﬁ?%g%béagﬁtﬁkyWRHO‘ltﬁr&glgg%ﬁ@ 66;\@-#?§OM

usi ng the 'sem-¢onductor ckag he se &ee 62,

as showmdividudtpzts 4Ghe MAKtred VR E thedl0r EXihhy bOmitddnaRidieHed e prbvRf,
wi t hout using the PCB 64. Hence, individual parts of the illustrated

| 40el s bimerous f@nbinatigngied iniesraldoranmd spest fidally showvp oiliCie 4404Budferddy gnd 4E.

conbi nati ons iht,ear ati gn _not specifi | ho in FLGS, 4 B, 4C, 4D
and ap | n BPEGS 4%, B eitesSORR s R Su TR Preb eV b Epnsired iy e
consi dep@féricIBNaY Hop! by“sade” shftes OThest infltipls Uiiffaes fosull MRHEthE el chidRtseheing

surfaces result fromthe elenents being stacked or nounted on one anot her

t o f or nstackedair masinted gpragianetheHe fean a stau-steprprgfilet dlgnce the tormie top’hery“sided| ude
all surfaces . faci in the sane direction, and are.not Jlimted.to.the

ur f acempd gl Seten aring FBe SRS firkitp: SR arhotaRledsb B Sat oty
pgyer dghiiMehe/oryBiceivnl2, the signal transfer system 14 are shown
schematically. The 1C 22 in this Figure generally includes the packagi ng

desi gn syst efn K5 Sithe i0 32 tthe pomivhieery spsiero dLi the sipBalinansfen eysted 4 # greaghown
connectign 48 forned rewi.th. Hence, .the | ock dj agram shown FI 5is
gener al Fﬂ?‘_@ﬂ%@%ﬁﬁ%bﬁénmag (] %&%W% Si fﬁlclﬁ\agq‘?g g]%gk%’esﬁfteﬁbl%[ hat the
I C 22 i fay)ihg HRUCR o BSnrRcHG STRId the B %‘gﬁﬁlicgﬁﬁéc%iﬁié Q?"i-foﬂe@thée\ﬁmv‘ﬁe%\jﬁfeal

illustratio conventions that apply toall of gures. A solid line
r epr esehlosk tingram eicovr BG. 5as gerferallyt the sansé gpthe blvok dmgtanoshoér iakdGt Peexcept

referred power.  connection 24.. A short dashed || resents . alternative
habhs fgft {hedCargrdlustanast sihrmade .efexatfoaﬁ vigyskld 15 S SEpTRk HpgtEation
al ter nat i Mg, R fat a@pg etg agg@gggtggg&n%mdqg@ réfteschhARE piedrHAtpadt foP the

conventions are pro arity an
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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25 understanding to the Figures and this description, and should not be
interpreted as limting in any way, such as inplying that any one

connect i owois/p®ze | mportant or better than anot her. The ficgvizdo2sesansf er
system 14 is eIectricaIIy coupled to the 1C signal connection 48 of the IC

22, as descrlged wth via the S|gpal onnectlon 26. The si na
connection 28 ‘Frﬁ?/wfféiehé‘F‘é(éb’ FtP’@a}IZI 1§ eleefript! e thedf mpsver comnegtion daplribe

and/ or f@?% Sis(él%sé e tmfhkﬁ ] § %gthefg ?Je?&?m gt’lor%%?z'gl% v&?%hn&gg&fg }Snl(?ig b%6 s

el ectrically cou to the botto nce nal
connect tlectriédlly ctuplud to Misd tdp 68hhe bbieam 70 and/er the/sife M thd1(P22. Prefersitgnhs

that the signal connection may be | ocated on any surface of the |IC 22.
28 WD oewmczra:&meqﬁew%emlﬁgus@kv cmaleséme syl T2 the Ky22. cHence, the IGpe¥eF i cal |y

Co‘ép' edgé{ﬁe&tﬁ‘o% A6 ROVET sﬁfé%%%&h%&n%w%fth?f‘c 25 Qeﬁ%%e@ﬁthgng@ggé&%d wth FI G

ower COI’]I’]EC ower connect

el ectrl Cﬁinleb’tldimmﬂneﬁbélbchﬁ&thﬁy@t&fac%hﬁt}detm 70 and/or the side 74 of the
| C 22. Preferably, the power connection 24 is electri caI |y cgwgl ed to the
side 72 of thethp ere,fmedrenbféhm@mté of the pesrent Invengandhe signalsgnnagHeonAt ppd fge t he

el evat | g0, vi S 01 35 | GoB8ea bERIRRERLe! 3L ANERONAT an FiREBGELHON 24 ey

be | ocated on ‘any sur face o ’he pre erre infents of the

pr esent rdspatiRtlyPof the € 291 QddhtingaRe sighdl @Onmtiemd6 biethe POWRF csimbitRmt1406h 24
are located on different sides (i.e., the bottom 70 and the side 72,

r d9pect fifteray siges efibe [C 22 providusseverel adventages felated émthe paslage desigmeysiame 1over

advant aBceedGed Th Bl e Hehilsaehotighe Bybbe of el Rl iR FhGherr

advant aggfadtd) GhoretRinzaBd GimiBer T8I gbNddRtacR] indfeasing tHeQiinaet 6f dpchl BOYEELs per
contacts, increasing the nunber of signal contacts, increasing the nunber

of sig nsquammm@@cp@rthe smdmneﬁeatchr@émnm@lemmbst gfhtatal eVHIGS tmoaf:&smg
reduci n the nu contacts |ncr nber of

cont act R EbiPle St PrrsBiaren sor OFe R TeRY et (it Bt ol e

al1gng lihelNexi¢-Bddcing memémntéaehmteﬁce@ﬂhg% s?iagﬁ‘dndvdldﬂﬁrlﬂa&hﬂﬁlg tHae
si gnal bandw dth, i ncreasing the sem conductor die size, reducing the IC

22 si zesemsisondaictor alée iz mlupmg tlot K222 Siaw eomell e imprevlingthes|fasters enlited fo
mechani cs and nate ials ernatlvely, t he signal connection 26 and t he

pover cBNAESH A MH%yﬂﬂén% ted on the sane of one or nore sides (i.e.

top 68, bott Q'T'&arzﬁtl%lg 1B @i%ﬁa)coﬁﬁécu@ﬁ 26 BRd 1He péver Edhnkbtich 288y be R2aRARG! al
consi derati on woul given to the location of the signal connection 26

and t hethecame of onmenm:mwsldbﬁ (om, toh é8slm’ﬂerr57(blmdoa‘id6t($)e72b cf e ICQ 2000 thos easet he
connections for ar|ouslﬁ@g|neerlqg reason rther

escri in f
dedai | BRECHHEOnSidSTatioR ey Ot SHER L PR Aocheon sl the Sikn sefiopPling thapiicg
first (phtaidd 2AMEHE%aE IRMRof 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 1C 22

based on frequency increases as the separation between the frequencies becomes greater.
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interface 76 and a second (low) frequency signal interface 78, different
fromthe first (high) 25 frequency signal interface 76, each coupled to
di fferentweindmesssaé the | C 22 representing the package de®Cgrussysdesem 16 in
accordance with the preferred enbodi nents of the present invention. Hence,
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PCB and .t i frequency signals d be. garrjed vja the conductor. The
conduct Bed GE ey Frn b St b et ol BE hedsiorc A CAF B faY
wi t hout thpc'hti%{ fgg(ﬁle}x@}esi toq;thé}%il‘éﬁ‘ittsedikéaﬂ¥,t\bi%houl?gﬁeﬁ%fhet@ﬁ, he bg‘ﬁ?t‘s%ﬁlz% the

circuits an t1nul ng over a short distance via PCB traces.
parti cuP@B mext @rthe nthet cipmityiand cdtiumgstvenmshosti digamde widhBCB@Bce Bbism ni mi zed

because conmplex routing of high frequen ransmi ssj on. |l i nes anon
mé0t i pl Barbeitay ajangement H?Fﬁ}tﬁmféaﬂé‘iﬂggw Pﬁﬁ‘ﬁ;’t to e pyniggjzed ge%ﬁs"e‘F £X onal

view of 4 s o Phiph frdfety WihsthiEsith EneLam S hRfipld Wo fidyets i§ Hifithized or
eliminated.

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 signal
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frequency signal interface 76 and the second (Il ow) frequency signal
interface 78, different from 25 the first (high) frequency signal

i nt er f acewoa3/oesmieth coupl ed to the sane side of the IC 22 regresesesivng t he
package design system 16 in accordance with the preferred enbodi nents of
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conduct &equsncigshBer exgmplesthedfirgcdighfiganeacy pigneiinfeepem?6 may uen rsrdpeisve Hoe
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i niser f agpe 68 sighY] iHREfakd) InaRIS dhke! {héQyBAd Intéteace bortiedfigh adcBi@idda®s bofhthé hi s
case, the hybrid interface connection acconmpdates both the capacitive and

conduct Fapacitiypend ednductiyralypes dfisignalsaMore peeichlprly: the hilyid ingerfage epringeéon

ti waul.d include.both dielectric el ts f th it
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7A i's apeRlogu@ltiveR@le ofisefaPf the IC 22, as shown in FIG 5, having a first

type of 20 signal 'interface 80 and a second type of signal interface 82,
di fferent frbHutTeistapmdevafiondl yrew of thele 22 cassh@On ieBléh ¢ baghgal firsh tyfiefdfer ent
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of the jnterface 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 1n 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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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 firstwoypmgako si gnal interface 80 and the second 25 t yoda/ws02/305gnal
interface 82 may transfer signals at the sane or different frequencies.
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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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bottom 70 of the 1C 22. Alternatively, both the first type of signal
interface 80 and the second type of signal interface 82 may be connected
to the towoaB/oes42¢ he side(s) 74 of the IC 22. 25 Advant agesTafSor/Bbise1
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hybrid interface.copnec Not.e that fhere is sqnme gver]ap of .the
fr equenBaFI4YRfH %\f%lsrﬁf idi e Giries SERHE At  ORPCESgH o Bt Ry thienqighipns of

si gnal ; nt@{h?&es @é%hgsgoygm@:@s oﬁﬁ@ngAggB bEL a5 9B LRE dsbiBRUBAWithin

si gnal escri 6A an necessari ave sone type
of si gnthle stoyieasfithe pres@d deseciptiais t hose described in FIGS. 7A and 7B. For

exanple, in FIG 6A the first. (high) frequency. }%nal interface 76_is
preferabl y aFla &4 BBy 8Crapd Dolusirainaoss-secpRah views of the 1622 ag shavn indilfs.

nfer t acg o 3By gkl AR andfle by BT B n St AR S PG ecRlRlRt
si gnal ingides xfea}muoay;ﬂheSexﬁicgmaicmr@hcldagé b2 rep¢sehtignthe paciage ddii@r afwenel6 by
this notation and exanpl e, various conbinations_ of FIGS. 6A, 6B,

7A and moaia@cwstbuﬂnﬂ E,re&ﬁrad fmpadimentsiof theprgrenbmvenfions Faeferblyy disdiG 34 S6n.
Fl GS. 8&@?&@%8%%3% ngb EA hra%?e\%I Réos?e%%gﬁ bsosglﬁlm‘{h Y. i& sfg. 1 C 22, as

shown in aVI ng ower 4 connecti ons

| ocat ed Alwtnatidely, the US R2 wdylbe fbﬂﬁ&Ba&%defvel dazsandles sHoﬁ&lﬂﬁ@lGSeﬁlA(,, 4B.ha€, 4D
sem conduct or package 62 representi ng@t he package desggn system, 16

ad@or dafbARyiarfny gempmatier thereof nhpigit r‘il@f‘sseéfﬁlc quactar dis SR randl eesgpieppductor
Pref er aptlb%trat%%% As%h%épaf Fg% 43%%&6’&9%{ wad %Qq‘iheof%ﬁéo %%% &dbzﬁj{ fAr two

desi gn, “as showh 1n Ernat i v or med

as any {@%@kegﬁgmydn&&s@fmy\ﬂgm@s FIGS. 4A, 4B, 4C 4D 10 and 4E or any
conbi nation thereo Note that the sem conduct or die 58 and the

seni conduct oFIGS 84518Ba e agd 8Deach h@w»featnrqs |n@s:ommon cduding the rsgmw;@n@»mon n

each of F 8 C.and.8 ese f

Fr our esPaekrgs? foeitgns B 80 £ BebBliom T8 4B P pEL D1t ACR R En R ¢ ne
sqRi conggIGhOIC p@@@ﬂ@ﬂﬁe&i%n(%nﬁlbldfﬁnﬁgcdnh&tﬁ)ﬁ96ﬁﬁd th mabmﬁ&l 24.he sides
72 and 74) the |1 C signal connection 15 48, the |C power connect’i on 46,
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The IC Eﬁﬁ%ﬂl’lectl on 46 and the signal connection 26 are the sane as
descri b&tf Y¥he seni conductor package 62 has a predeterm ned thickness

88. The pr ed?h@EéHl@@ﬁhuc{dFEﬁ&&gé 82 88s AB%dEteEnathickabddRsanthe FRsdeRemdiclf er ent
on one or nore sides of e sém conductor 20 package 62. The sem conduct or

packagethicknessy88may bavesay oalugrapd apwrb@@ﬁfat:m amecineror alore Sides efithdsgmiconthictoal ue
Ot e B et & R i e BaciBed &2 SRR LRI RIS r by s R QSERSLT S usi ng
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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plastic or ceramc materials for the sem conductor package 62. Preferably,
the value of the predeterm ned thickness 88 is the sane on all sides of
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detail bel ow

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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sides (i.e. 8, bottom 70, sides 72 and 74) of the IC 22. Preferably,

t HO si gflth %ﬁkﬁ&é@@ngo Prpeticalydhesizen comfacty 39 instdpanytipleipdividmalssgnad nat ch
the pr e@&ﬂté&{’oca &hﬁﬁ‘ %fea Qﬁgﬁagﬂﬁ)‘ 1‘0‘1%%@% éo%gaé?sﬁ)o by H&%%k%fe%%ﬁfove

Al ternative ons are shown o op 68

and t hergitile td -ﬁhdvs‘enil&tﬁlduaefq)mmghm @Preferdla @t Hhal déitacs gnall horthésdse 90
are illustrated in each figure as sinple blocks 10 for the sake of clarity.
Pr act i celevationrglative fmthe serpiepaductor sweckaﬁe 62«1 Ehmrmn@n@ni permits@ass ofsi gnal

any. of cUROPBHIT RGP sh s Pfdo iR b spsead iRl 5B SbR iR OBYRC™

siignal agRkAGYEyIBe sighaldvictsh® lﬁcﬁmua@} ﬁuﬁha\cemlff@ﬂeatt dlvaatibAs feliive to the
sem conduct or packag 62. This arrangenent permts ease of manufacturing

of the packiegobiltrcacosompmwdRiggeriors desdedengnesfing eonsutsrations.t bhe fignal pgmta¢ts 90
contacts 9 15 Alternati v he sigpal. coptacts 0 I ndj vi may have
Tt or Y e St TGS ot e nalsrith, s BR ko ShSS fusmier Bithh SBt i  ovs
desi r eds Qg RERLrgithr GBHR, @ealaaﬁ@ﬂﬁg likd. hPre?érQﬂ%' th€ §8¢ AGh $he%95 (JTRY A g By

shape, size, pitc material, and the lik hapes i ncl ude, w thout
i mtattoh0 nuaqqlaa:reramgecl’enfgalblarthe m@m@l lsm@ﬂvanmmatbmd li ke. Preferably,

P or abl y.  tHerRopTesnpdion Gn SopdicEyT apverssheE P B R on
46 i ncl Ygesr SARRHEIVIRS BRYEhHe 6PPAUR M pdénifsAhd S @ontRe ﬁéwerﬁiﬁnectlon 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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power contact provides any type of path that permts the power on the power
connection 24 to be delivered to the IC 22. The power contacts 92 are
coupl ed twotdam2sieoi conduct or die 58 (not shown) | ocated ipegviche2/8B0%01

sem conduct or package 62. Preferably, the electrical coupling between the
power cqnt %cts 92 %{lgét he sem conductor die 58 are pmade using wres and

wi re boHWdC ZZdematen theiprgferrrd locatipnad thapawss cammection 24 ap desesiged shoypgad to
Prefera r I ' ' : t.he

of gnal - Bty it BRREe GPREIE i R e HE B simabong Ao ol SRR,

92 and tiéwired erlienacilotaionslifar thdpawseriteatatte 92 aleshotvinahewiprdscal thobitonn 90
between the signal contacts 90 and the sem conductor die 58. i

const r uef the seraippatciRrIakasy Oge Loratingthe BOWRIsOREATE wéh%%dﬂémsl’eccfm%f% ggh the
Pt act SebRehuRfistifecs i SRR PRI Bha o el s MOROHT INEGH el g

| ocat ed7006f tieMCA2decause did fofdePes pdwerccontat O ibthe JX0atit awd ¥ Qxis. $iod@gltBe and

74) of the 1C 22. Preferably, the é)o_we_r contacts 92 are |l ocated on the
si de('s) Pywergontagts opthe mp(BEgdshe 637 siguificasboedyass thedores pepsigral epntagieer

pr et e edlal 0881 e Bl £16; AVRIGRATREL] R01C 42 pBSp R LG, ARG pRfLat ©

free up re contacts on e use or Sl dgna

non- powshe el sigal tdiscts 90 and@s powek: coﬁ{abﬁrgléhﬁ'@dik@ibafeki@ﬁ?olpbeﬁtetsh&s POVRIIC
contacts 92 are shown on the top 68 and the bottom 70 of the sem conductor

pd€kage282The pewer qegtactsd2menidlustetied wcqash Hguretse simpleblopks7pr gre seheof darity. 5

signifigant.ly reduces the force r _sh@nal contact per are area al on
the z- af 1S igalie FE SRy beifacsb Lol ntue8 mBARporRE GG O Qo8
cont act cbﬁesﬁ@ndﬂégft&(ea@ﬁ pswaryshttY aiKirdund-pAR s @escribed Wit \Wefereh@diodiGs 10N t he
top 68 of the 1C 22 significantly reduces the force per signal contact per

squar e area ahepgwetrgonictnd2gnanhaveany elevaimnzelative totbe penizondvetoapaekage 62
contact force i ed n the . signal .contacts 90 and the powe ntacts
52 ar o AFOEEEERBHABpBEAR wi e aR rolfe Moo R o AE R it 02
ang il ysidRbRet pimPd ehseldr dtnBrRfirinb FPHR ehmRhdudtér pabhfre¥Bidd @hsedrari ty.
Practically, the power contacts 92 include multiple individual power

cont act sormedtigy oithelpowertcavtasts 92 o Altesptiveynthe powenetastsiringiaiduabinthayheverd

ath, asg.described with.reference to FIG 1. T ower cqntacts 92 nay have
Py el SOUfFaR clegramertits oS omeUONaOE b at e et aBm S YR Ser abry,

they al b, hau@inkRenSadrBi&lsEY approprisie! ative to the sem conductor package 62.
This 15 arrangenent permts ease of manufacturing of the sem conductor

package 62 abiG.esdlusfratenthatihe isignal cntaets Y9andfor dermonet sorgacts K arerlocatedvel v,
t he power contacts 92 individually hav different elevations relative
t 40 he SHide %ﬁ&lﬁqndﬂ&‘ekaﬁéa%ez& Indhi GRtfotaSEng ar B Sengiox s R
consi de Eé’r&t%&g' 52 ?.tlefrai"'s‘ﬁcpﬁ%Q/E e Rrterfshiffacefr thd ée’ﬁﬁ%&fﬂh@tﬁr pQabgd §ehyh gnal
contacts and/or the power contacts 92 are | ocated
predetermined height 94. The predetermined height 94 of the signal contacts 90 and/or the power
contacts 92 may have any value and may be different on one or more sides of the semiconductor
package 62. Preferably, the value of the predetermined 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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20 outside the sem conductor package 62. In this case, the signal contacts
90 and/or the power contacts 92 are raised above the outer surface of the
sem conduwiaB/paekage 62 by a predeterm ned hei ght 94. TheTprsedstser m ned
hei ght 94 of the signal contacts 90 and/or the power contacts 92 nmay have

any val ue and be different on _one or e sides of the sem conductor
pac kageCM?CthaF‘é/ Apihg povercoptactse2gre f%@ssg)éﬂ%‘f"élllerﬁ‘ﬁ@cﬁuﬁ@i@%ﬁthg4 i's
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Ehe b ol doidt Ballugt 89bOGTRARIGmURUAGIAR 00 1o eadERAR IR FblT R, | OF
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sane on all sides of the sem conductor packaag)e 62. FIG 8B illustrates that

the si gRaMorgH{esOf thersmucandygtor packpgnfd: Tuefsradlby, sheovalugof thepigdeterminedish wit h
th o : - : iS¢ i.qr 90 and/
the pontfBRCS Bp8Blseds Hitron bt RSy fite fastlE B malelA6] 50 and/ o

sem conskigicoidupRe pagkagéB82. Picferall(; the alat ofthe prédeiminea heighh9d ofbabi@akls 90
and/ or the power contacts 92 are | ocated partially recessed inside

cor r esp6RHRGIYY0 prior the peer watacts N thesamp onal #ides afithesemiqeadwcigraagkagel n
this cage, ' ) / tacts 9 or
(11 a5 TR S BBl L RRARR TS 088 T s

sem congudbthe Ea&k@@mta@& 42y TFhepe@uesk aiayi alechrbalgiecRmical Higgieadet er m ned
hei ght 96 of the signal contacts 90 and/or the power contacts 92 may have
arlf val aéachmentiggturss o the ppwat casnedsion 24@ndiep pignalicgarecyipn e seni conduct or

package 62. f I e val ue of th redetermned 5 height 96 is
appropriate F%ﬁ.ﬁéﬁﬁlg%a}tg%@ggt\é? 3 %I?Cr?f;l%aﬁ{gaggta’lnc oor e §ﬁlc%mﬁ% er?re?! %C%%ir t he

sem congidfdeQhe RAGKATRICHZ padRiagé 62.ah tiis chdte theadigial étfntddf@@irﬂ?’&&l@é%ﬂv?&d hei ght

96 of the signal contacts 90 and/or the power contacts 92 is the sanme on
al | si deentardts Phareskgposashidside en inpariuafsee ofthe samisondustor packagd vanThigeous| y

d tam natj d/ d t.ne. si I t 90 d h
e SR PENBL A B8 AR a5 RR R RRAE Bl BRSNS 1o
atitisac hnepd/of B8 bowescdn@ictstd»e power connection 24 and/or signal connection

26. FIG 8D illustrates that the si@dgnal ~contacts 90 and/or the power
contacts 92 3helC sigatlognnéation 48 indhedes @ vignalphgkagsrintsefatcaldd. cthe signal prckagsase,

t he signal .co cts 90 and/or.th ower, .contacts. 9 e di sposed inside an
ner. SiggEg 107 iy e oaRats B iRToe e SRl s A PertpTRRE e

advant aggmidshdaclir patigt 83 t&%ﬁmtth@ﬁgﬁﬂ dbecASNTPE Rocaed bhRiditRNal
contacts 90 15 and/or the power contacts 92. The IC signal connection 48

i ncl udesensicendpatir ppekaga 2. The sighal pecka@e intdiface 300 mady bedotnaeskas ai sapaategeg 100
I § .any e . of interface that permts the signpal. contacts 90 | ocated inside
0" o PR s prosi pgecigs o and eh s tmeab onoe SRy mBPLETT ancise’

| ocat ed @ik 98ridR8nethods such as insert molding, 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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sem conduct or package 62. The signal package interface 100 may be forned as
a separate part 20 fromthe sem conductor package 62 and then nechanically
j oi ned t owbDla/ogsne conduct or package 62 using various net PoaasesisIns
insert nolding, over nolding, snaps, interference press fit, adhesive, and
the like. The separate part may be fornmed of the same or a different

mat er i alNoAghavy 15 QR ek adreidhe srauRKiCcieD packpgedhand may Ye proniied jog i CB or
package_i . r i

Cerm condhapaueRe, M b B s 0Bt he BlelorRhdedi 0 ot e
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on a connector. The signal package interface 100 forns the dielectric
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formed as an optical lens. In this case, the signal contacts 90 form an

opt i cal exampesriransmissmndingror anretess typa lof signaiinterfaceThay riquinathapthc lsignel

[ nterfacekloo. foE?msl{)(Eg ti&al | ens to cq nnel, nodul ated signals in the

f or m of PROkEER TGS | AP et AR L ERORIE IR TS AW e 62. Al ternativel y,
the signal p@ﬁgf@ﬁp\w&t&hﬁ@&ﬁnh@%ﬁ@d’esfagio'iﬂeﬁ’ﬁﬁ:k%e R fach P02 ThepbRRHhdiltage

t hrough 10 the sem conduct or package 62 to permt the signal connection 26,
f or med aderbgotilOAls dnydgpesof interibee thatgreharts telpoyeatorgantsio2ocited nsideghé cal
transmtter apd/or the ical receiver inside the |C 22. 1In. this

bl + or nadsrbonior gpekags Sis &tk BE IS bo € robiecipa 26 feainbide B per s 1o
the 1 C 2nicBYaRRRpAGge 822Dl €, a transmssion line or wireless type of
signal interface may require that the signal package interface 100 be
fornmed as anThepedermmekagetivtiface 2vnaebe fofmahes 4 Cpprategpartcioomdést | on 46

i ncludes a power package_ interface 102. The power package interfagce 102 is
a% ty péel%‘FgIF%ﬁ@r Pé@@gg E&?n‘%g}eﬂ?‘t%h%@“ﬁd%ﬁ?@omﬁ? é@’f‘@o@fgmf% patkage 2% §P‘3§’e t he

sem COHQLU@I REeRAOIREE Rer MBIIARE SRS, iMet RrenBEpRVEL 2BRENECHIM: Bee. | BRAL €d

out si de 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 illustrated therein are for illustration and not
for limitation, and any feature from any one of the Figures may be combined with any feature

from another of the Figures to provide multiple combinations of features. For example, the
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sem conduct or package 62. The power package interface 102 nay be fornmed as
a separate part fromthe 20 sem conductor package 62 and then nechanically
j oi ned t owblwa/ogssne conduct or package 62 such as by insert peohuddomgysopver
nmol di ng, snaps, interference press fit, adhesive, and the like. The

separate rt ma f ormed .of the.sane or different materi as the
sen contigbisPaL O Jerebss T the sRBICOPBIGIST RS Saets PARABEIGTRARADE 102
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power package interface 102 is Illustrated in each figure as 25 sinple
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102 may i ncl ud one_or re individual power kage interface 102
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wi th the power contacts 92 |ocated outside, flush with, or recessed in the
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cont act §id8@) YpepthedCan ptdiedésanulfile datbotiimments/Bawdiel ivithirsthe €{cpk of Zhe
respective_ty, of the IC 22 representing the package design system 16 in
accor dafresifigation.t he preferred enbodi nents of the present invention. In each
of the threeyfigure t ' I C C 2 are
Feprosent ed Mo EhERrL dAcER AR iRE RELS o33 BICHE BAHERARBNL IS Lany
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any appropriate size, shape, thickness, dinension, pitch, etc. Hence, the

ar r angefilablsfto carsy signajsantagts A0 asd/er poverrtanigets 9dwdn thepnefagedergbodimentsef or

f th . 68... b 7 d id 2 of the 1 G2 i
ol o1 o1 e itiohink SEaeofils o 4rf o0 bn il g o gfof o B SRSy
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to carry 15 signal contacts 90 and/or power contacts 92. FIG
i |1 ust r 99 esd/phgoviratcontasty 92 oin theerefarabermbadugents o fihie pidsenttipvassionythe pgwer

Yt At 00 L 0B HQUAE) 52 BPinet@ NS RSHSH ERY Rybodi ment s of

FIGS. 10A, 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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the present invention, the signal contacts 90 are |ocated on the bottom 70
of the I1C 22, as shown in FIG 9B. FIG 9C illustrates the side(s) 72 of
the | C 22wbeaiBngs4avai | abl e to carry signal contacts 90 an@CaruSozsesol
contacts 92. In the preferred enbodi nents of the present invention, the
contacts.92 are | gcated on the of the I1C 22, as shown

"n"Fl G dientiaes oAl e . B B LRl 4 o SIS 1A 14 B Sestedfofe. of t he
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92 on one or rmreo the top ttom C 22.
FIG 10A il | BBG.r@Cedlusimtes dnesutqrgrotticmnl 12Gkd ah 1m1’reepbmpn684©f thehep 68 6f the 10ei ng
avail able to carry signal contacts 90 and/ or power contacts 92. An inner
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d t act
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t he | C 2&htadts M. 1OB il lustrates an outer portion 108 and an inner portion
110 of the top 68 of the 1C 22 being available to carry signal contacts 90
and/ or power ItBYt dd thegonneptostl g2 inplydes ﬁmomﬁtéﬁegt@cei(ﬂn@iuwh@n@lé@amrp%gmi he
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Thi s arrangenent ageous ower Si gnal

C ontact SOrEﬁcﬂitav:m andhW\T 03/ Qﬁ8é&ﬁlel§t€ﬂ' A Lﬁ&%ﬁ@&@ﬂle wiihfthe v aibus tyiiee Sf Siknal
gnals interfaces, as shown in table 84 of FIGS. 7A and 7B, such as, for

ABnpl eintgyfases ﬂ%éﬂl?ﬁsbwﬁh%iﬂ%lﬁlﬂ@ﬁ dhanddBducti ve and the signal contacts
90 are capacitiv t outer ortlon 112 an I nner
oo 1 o’ 125 bbiHoefh b6l HHShARSS ARy ARG onFahe 3y,

si gnal 6&&%@&%&035&6&@ lﬁlror RRGRTe IBQMHARE tiE &3013}_1"’ gfcﬁlﬁa%hhﬂoe 42h@s 8 d@i&l‘béd in
portion 112 carries t power contacts 92 an e | nner portlon 114 carries

the si gfuther despil h@lpw sﬁoncelthe mr@ectglll 1% meﬁdhﬁgé%rthmltagﬁcemgr mpirlegBi at e
el ectrica ni cal eat

d
Sl oot ri BRorWHE gk Eitaalath Ha 48 BRlee SRR et S rePufe by *"
cqnnect hfinding it 1bAgh bE HowEh Cormennacia rMi'rﬁﬁldu&g Ge it &f the %\Tv& the

various types of signal 10 interfaces described wth table 84 in FIGS. 7A
and 7B. cowwotiati 24 in b, tmingmiztethe daipedrperiandeindectasice phthepoase panniceivami4 on,

h |
Hoeount PREEle T fieerTRRU 5P molSieu R sl RF st oI%E PRt s 2 45 RO 1% 5i nce
the conpsrdeR! nakody $AAtdgk AfargifAnd GighTurehtGo WMiSRE@forRandeAt0r2, Nodul e 38

and/ or the decoupling capacitance 42 are |ocated as close to the IC 22 as
possu bl e, thd&hebynnestonil hd miay haye varoub éamgishshepest m;i:pmndbomdcpf variong .

Imzin e.length of the power . connection , m.ni m zes the
r;@edanwgeéﬁ » flopsnding QR agpus MSETRS C%}#&ppﬁzﬁ}fél 211‘]8118 %orfns shapes, sizes are

represented in FIG. 11 with the dashed lines 120, 122 and 124 on side 74 of the IC 22 and the
dashed lines 126, 128 and 130 on the side 72 of the IC 22. Dashed lines 120, 122 and 124
horizontally 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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permt the voltage regul ator nodul e 38 and/or the decoupling capacitance 42
to deliver |low voltage, narrow voltage margin and high current to a high
per f or manwe 302820 The connector 112 may have vari ous forrEr/shapes] and
si zes and be nade of various 20 materials, depending on various engineering
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112, forned as a cover, has a bottomsurface that is |located 40 WO
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coplanar with or below the bottom 70 of the IC 22, and n%¥ extend to a top
sur f aceceineglqe | Hogormed asjafsopkes.gum furthet @tmﬁiatp the sides Thane ™ oftha 1022 for ned
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and 74 of the IC 22. FIG 12A illustrates a nore detailed illustration of
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t he conpect or 12 t hat cated belo t he bott
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top 68 of the I1C 22. The connector 112, forned as

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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a socket, may further extend up the sides 72 and 74 of the IC 22 to dashed
lines 120 and 126. In this case, the connector 112, formed as a socket,
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|C 22. Note that the connector 112, forned as a socket, is shown to extend
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and powggnsipdPLEshvertionaPBARGIg vel y, carried by the 1C 22. Alternatively,
the connector 112 may be forned as a circuit board carrying the voltage

regul ator ndtekenggtoaht oy hhve nedwnishl fegtures fnatishawnkthapermy thhenmmestar FI G
2 above, ternatiyel the, connector 112 may .be forned. t he, decouplin
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two al t gpRati1Y emofle? cOBRElE PASIGl1Rstiawdt il BIGI et Pdrd 18§ BMhindlal Bl &2k bokkYor a

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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t he connector 112 may be fornmed as an assenbly of discrete parts providing
the function of the voltage regulator nodule 38 and/or the decoupling
capaci t anwe 0328420 t hout havi ng what m ght be considered @caarsezadvonal
housi ng The connect or 112 may have nechani cal features (not shown) that
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connect or i n sucth manner as to connection 26 and/or
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circuit board. The circuit board 114 may be used to route the signal

connect thsidikesthahmedanicaly pennsrate with spmmesppnding mechanicph frabires anohe nHENg C 22

d 18. W board ;114 i d IC
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provi degli@NariAR eMirt &lcfn tiugd) between the IC 22 and the cicruit board

114. Preferably, the interface 132 is |ocated between the bottom 70 of the
| C 22 and t hd&he apertﬁacetllaé mAyrbewised dlong o i tambifation Mithuhe cdnmactor 1124 Whgn tlnave

VoI QUs aes 0 IEENGDLCRl LR e ok Bl cr, SECM B LIS A2 1
h0| es, FSARAS63 so@Rflor a frame to help hold 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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the like, that nechanically cooperate with correspondi ng nechani cal
features on the mating structure or that use separate fasteners, such as
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path, may 'be attache irst material I'n ways suc
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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i nterface 132, the signal contacts 90 and/or the power contact 92 on the IC
22, and wormsespiendi ng si gnal contact and/ or power contactPETOrs02/BE&IPCB 64
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| th
L2, 2l 00 TRORRIRS 198 Rclohfathibhth né SBEECS OrddT{anatt o, e
03/ 0284i}ﬁeﬂBﬁ'E/lUS@?&f&@BE]fohiymﬁombndimgﬂainatdﬂlhbhzfvaﬁgazssdllabkqﬂedetbrmahide 84 as
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an optinmal separation between one conductive
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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dU€ to ilHHuctance, associated with 30 the conductive interconnection

bet ween the SR CRNMGLSE I elRERLEY A15E 1021 16 HLGK BPEREDIRLCF K, T Ne

not her boar d, ni ni zed Usi hg a capaci fve ype of  signal i Hi gh

f r equengynnestof NEd foRied aé b S6LkeBiy d0€orlarRd Wil the preféridd@utboldifdnRasH thE pfedént
i npedance of the signal path that 45 WO 03/028420 PCT/ US02/ 30591

conpr omnyertiarh & 1Gn 1 8B allesjrates theponsecieral12, faemedas a srckete wheten ibe comnegtoxili? zes

th ] i nim t : ' t i t echnol d
o achi BOG oRs IR sattan GrYaR bty 7aed] hel e B B ATy B terRd
carnect gglowkRe bbtRInBHARICD2C MEhas anﬁagﬁ&iﬁanttﬂﬁ €10MEE 18sh WiR oP @ Hittleabdiélthe
parts that extend beyond each side 72 and 74 of the IC 22, has an upper

part t hétp 68ofltheHE 82 Bisderebly Hibe comest8r b2, formnead@s 230ckshduirasnds alldoar sigesr t
that is, located f h with alittle,bel.ow.th bot.t 7 he |.C 22.
by ot or a6t 18iate sidsadnd oh'orThe Pas, drssaete Syt e ol AThER 2. bRGro G
(72, 744Q08n&kda 1hafrld Q44 sdtket REnARR&S orPRE PEIRAE] 4 A AAftids MOIC ep@mge) of

the IC 22. The connector 112, forned as a cover, is beneficial when the IC
22 i s neignileddr pewtl ntesface h32. POB cb@ndeler. 11E) f6rmed® & 4 $dckistt rsdteasfiaal veieavthe i on

I O a2 AR R Al 1 2SR E e R it o 112 Formed
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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invention. FIG 12B illustrates the connector 112, forned as a socket,
wherein the connector 112 has side parts that extend beyond each side 72
and 74 ofwbDlms/ob€32@2, has a | ower part that is |ocated 15 perausor/Besobott om
of the I1C 22, and has an upper part that is located flush with or a little
above t top 68 of _the |C 22. Preferably, the connector 112, formed as a
socket , Jfﬁ% feew 32 pay, eef}ras%g)y ?rffpnv%¥ordﬁe OF bmq%edcﬂ&a%&tlﬂé- dage,
one si den{ACLiRchit B1PCH BEnA28&br Powiftel e lBe FERHES Pathto rodiB SighRARELPT
119, f ool it 18 £ 4R HEndl? rmﬂﬁt“e’c}hor? e ‘ga%hdygé‘r’r?g@t RARGRPT
PCB si poadr, saspkctivelypbeweemthe PCECE] 4131 théltematociromitt 5@ Tht2embiercivedit 43, the
socket, is beneficial when the 20 socket is directly npunted on the PCB 114
and t he*¥BeKiar 140 the wieriape 135 theP Ci L &4, thotemate gisquitignal sopneptiapat 34andithew of

the 1C : ' : ' : s a
S PSR o i e ARBLAT L e CRARSCH AL Bt

i nvent i amalogolusto thaTCi2| thetcomieeor L2, the e ticon 32, 1Re PCBrimatha sntagrafed Rircuit
wherein the connector 112 has side parts that extend beyond each side 72
and 74 #gnalgenpaction 48 gad the mtgggated cirenit peyer Gognecsion i dresprctivelpsdesdibsd a
little p;gv%wthe bottom of the IC 22, and has an upper part that is |ocated
flush wth or alittle above the top 68 of the IC 22. The connector 112,

formed as a fu &fdition, shesiial ¢ainattiondte forined ab Cortidctos 1 b beastd BCBMtaté e8,on t he
PCB 114. FIG 13 illustrates an elevation view of the I1C 22, as shown in
FIlg  11may Japstensigeply briwesteanyrane oF mogs of e tapdedathedbottomy’Q; andthersile(72 ad on
PCB 114} r i e i of: r

nvent oo BRICZAB0 Snf bhdor Pt Ebhds. HOLEIBR TSRl Taligd O BAR 30

connect pPthe tdotaRitc@it FRNPicferaly abié bighal\Whnd2 oM 26 is formdB4s, a PO 11138 1 B8 A
144, a bottom 146, and sides 148 and 150. A connector 140 is di sposed on
one or Wekséers sigaals betwene thechotom 1) ofdthe IC and the betten 148 of igomoechrwsd2/ 30591

on a Pep 1141050 berGplRYo Ry Bhbebonkfaf P Rkl af Rl o BEa R 55 °

e crrcul S gha wer rnter

prigvi depCBatdes 118, h@pbEcduipidab $hethd/oAE or ROYESS thé RPPIAGE ik BoitembIAbaRIthE he
PCB 114 and the renpte circuit 52. The renpote circuit 52, the connector

140, t heide(s) 4§ anslel 5034 the nemoregarcuitf2. Prieferablypthe power eprmeetiqn?A is domeddsiaon

134 d 5 i i . i 36.,.h ,
ohar act et e 0 Riedielsh PolahRiRE s aRRDRA A bl B Bol it 33, Nojg,pat
connect e pb¥dr cédiRctioh Bf bgEcduplod th e ReBtelckfbuittsnes ADARRA Foske Thdt G hhdt

signal connection 48 and the integrated circuit power connection 46,
r espect shostryin FI6Sd&sud 2 ferdhe sdkewé clarity efdtioseiten figures. Jiygieally, conmetstdisnit26,

fqQrmed as, conductor. 116 or .as PCB trace 118 y transfer.signals
bePueentiahiy AL tAtivgy R Gr TP apveed iy Sofwoth 79 » BRa LTS *72
and  74,0iENBed fot28qaRG oMY iBRRHE poWRY R1i96ryisheehaR. 144, the bottom 146,
and the side(s) 148 and 150

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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of the renote circuit 52. Preferably, the signal connection 26 is forned as
a PCB trace 118 and transfers signals between the bottom 70 of the IC and
t he bott owoldd28a20t he renpte circuit 52. The power connectPicarusBz/3osbor med as
a conductor 116, formed as conductor 116 or as a 15 PCB trace 118, may be

coupled to t any one_or e.of the top 144, the bottom 146, and the
si de(s) 148 Eﬁac Sigr 1 Phway bitesrely fogmed i ths canapeley 1A0 gspesinglguepnnector
connect t

o1 do( 5) 148G G 25 aRF hAEmBc GRUSE. Htefobly AT NEE COBlcERr RPARA 0 cbhifcror
connect 1 4hmas bbérmgd as wgpaeade parts dnd thenmechanicaltyattach&l 1oseaalmomdtjedu§eﬂat ure
that is not shown in FIGS. 1 and, 2 for the sake of clarjity of those two

fi gur esSCPRARILaNIFD the pastrgremerhapifatly oachedio Gash ber way sidgef theoprrsiar 1f1|20m
thg powgy, I e circuit that is passive does not
regw re f)l @@a{t @%@@ﬁ%@ﬁhgg I vg;ogﬁr&sk{/st em 12. The 1C 22 and the renote
circuit 52 nﬁhe ﬁwrfaﬁetlhﬁn&&rbe ihtyprallp forthet fwdthethe irftgtfies 108 ash singletifiterface for
including, without |imtat m croi)tr ocessors, ng%gl t al :rlugnal processors

(DSPs) , botbitks IF deqnd s el ¢irguil P ATCTAR Y, dabinigsAre ba2 andeiBe intnfaseriate

dov o5 a5 NS B BuREU e ABEEAGITTRINE BB ih BpgBLA L2
or di f Wafeanhe fioB atometiicatpattached tceich ofidr, aldeide olf ehel @ezfzceam hiebé enot e
circuit 52 are mounted _on the same PCB 114, then the signal connection 26

anl@/ or @%hﬁfbmﬂw&?ﬁ&q@?ﬁf@&eﬂr% nmade via the conductor 116 or the
PCB trace 1é§1th3¥%21%ﬁ:{‘q3 11915%& e 1CH %gﬁé %gfdté %}‘éuﬁt f{&ﬁn&'ﬁ% cadn TRUPL LM

different P he "si'g ower connecti on

24 may bide-bymie awaagérh@tcm}dugﬁmmlﬂténdw ty balilidd td mﬁ%nhhangam@ach PCB
wi th a conductor (not shown) formng a junper between the PCB traces 118
on the Brapfl@allefnthe&@@g ang the ety opei2d mayhaysory shpicel FrangemeneeEtabive 1012 may

be inte romed with t onnect or .140 SI Rnect or fo bot h
Che 1c Ssfigiler; ROFBURS it E2F BRO5E ol fRafP v 2me) At SERAEERBHeertSL 4
thg congRfdin fulthd der 19@1@@4@[1@@ 28R tHGp@B {ifusaads bhgwoREBAR (€.8), the
attached to each other, or used separate When the parts are

mechani EGRP yndtheaemels cirguis 52k Flﬁhb}ls nahlyltegd@tbtod:re ltmléedctomécwclmms 5 may be
attache nector 140. The interface

"t egr af Ty OTEARY R ok FRRERE Y bdtyf i iR e FRSRE por
the 1 C 2Z2nped chdiftéivmes, quﬁdtiroﬁy hiid Spbratidnta8 HBREbYEhBbve hBRvdeA HIRY BERankBfe and
the interface 138 nmy be formed as separate parts and then mechanically

at t achetbmage eigaht ¥t her, or used separately. Wen the parts are

maghani cal Ly gt taclied 10 2a5h eLhety A RSl nl Mnd BLREGPSE o ol °°

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

embodiments of the present invention. FIG. 14 shows connector 140, carrying the remote circuit
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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Al'though FIG 13 illustrates the IC 22 and the renote circuit 52 next to
each other in a side-by-side arrangenent, FIG 13 is not intended to be
limted twossmks4am arrangenent. Practically, the 1 C 22 ardTiUse2/8@8Dt e

circuit 52 may have any physical arrangenent relative to each other. For

exanple, the IC .and the rempte circuit 52 may have st.acked.
o T angotTAnSE 47 i Rt VA RGP S RIe P (O Bre e SR P 6L
FIG  13,0ekddd ?ﬁlz\{e%&i&% 391%}511 be&d figitbd gl sFgnal e&ﬁlegﬁ& 4?6?thl%r1@ gder L6 Bon

circuit® 52), I's not 1ntended to be"limted to only two circuits.

Pr act i c48,|the reamte ninerhesigred cor@ectaond! 33, theeambe odicnit power coayeaiparldbgtheoget her
using the sane features, characteristic f ti Qqns and operation as
descr i bEGCTRRRSBIHERy 08 e AR hoHODAnd sifles RE the 16 igrand dhi etiote Greuitg, pickthe 14
il kustr ' ' : h ' i S
i | SEEERENABIERL o B e SR M52 ATRUE Wbl 18

w t h t heakero€tkrityemh theselfipiresent s of the present invention. FIG 14 shows

connector 140, carrying the renpte circuit 52, being_|lgcated ahove or on
top of the cohnsgnyconestiopp @{&? H Rofer peansetionpifeare F@cﬁdﬁu%mﬁieaéttﬁem 26 may

be rout ?ﬂg’ﬁ&z@ Q)gl% ffe o{’fﬁgbfgezzﬁ{dgtﬂé tendotéci¥afit $2¥0r ﬁfér&gk{%t%rlagtit%% ﬁ{eié/ fie PCB

traces own) I OWs vari ous signal conne ons 26 and/ or
power cfipwes.t Prantcalld, theaignabgonhectiop@sintiloe thetyewet bennke@idi224mdy bé eoupdetoe
circuit 52 are coupled taogether in the stacked arrangenment. The stacked
arlPangef@ner mareaires of Higd b1ie angror Hhg repiofe citduiioress dseciifed @BPYS| ave types of

| Cs that are | al ' - WA T

packaged se pgﬁéﬁ%ﬁf\%r}‘f%l ?ésé%ttr%gg ?eié\{v Egs%lg é’ pﬁg? %%d%éﬁ%tra% @1%%%@{1@ 154

i ndi vi dagd deeotplo chpaditncd Bikihgese nSullisteed iAEIGS 01 hids2 bwledeiethe védstput
limtation, mcroprocessors and nenory devices. FIGS. 15, 16, 17, 18, and

19 eachstptef i theadescritionfes BG. 43 Fhewtioduetipn afthoyolisge ragylatorapqdude 134 and/grt

52, as 0 | R Fl - 7 - e 38
and decBPar g g eos8 M BR et MR B VB A G800 AT RALLE °0,
Vasi ousdécuplin®edpatifand€ 42 byl afifrluding fa vakietypf efiehated pizadrdmeatle sidnalsh@d/or
present invention. In each of these figures, the IC signal connection 46,

t he | C powertodami{ed? pashthe agnote lgcyibddt 2olid kinesirepresenhthe preberrrdatatioanditba, t he

remote c¢ircui.t power copnection 1 the reference, n s for t t op,
bot t om died liteEiRter ARRRAL 520y o Thisel ey PEVES FEGRR S5 0R SR e’ de

r ef er engghersiRRISs th Me dpb&ifishtrond 36 R FethbiRRSrchi® 52, 8AE NoleRB RESl A6r thddulansls, 140
are not shown for the "sake of clarity in these figures. The S|gnal

connect therdepaipding ceprsitpansel58ciba ke 2i tha vollaggregwatenmofila 38y andehe decoupling
OO SRR 300 oS b e DRSPS Lp I 2 ko 26 ©
and/ or tHa1RAIMREAIO B QG IR deddupTiiy dAfackiandd! 20 TR 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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10 one or nore sides of the IC 22 and/or the renote circuit 52, as

descri bed above. These five figures introduce new system bl ocks including a
vol t age reguisat®oro nodul e 154 and decoupl i ng capacitance Peg/udeasosare not
illustrated in FIGS. 1 and 2 above for the reason stated in the
description fqor FIG 13 he introduction of the voltage regul ator nodul e
154 andrde Yifbrefsets b fFHgI- Hapirtiatapioe elf%nﬁﬁmﬁtfe@c% gy PR thene

vol t age el tlopl O o PAHhCudRe NI Bk BB GRLBNVeRINE ARRE! dnfRE Shelfarld s

introducing a variety o native paths to route the signals an
power t shawreinl FKIGS212Ad12Bhand BX@te circuit 52. Solid lines represent the

preferred path_and. .the dashed |ines reﬁqt esen'ft]jﬁgl ternate paths. This .
synergy appl FE& dllaseatessm aleyation yiewrqf g Ks22 qndbthe sgmele gircwibd b shaven ie
speci fi & ORS..Qf [ e i i Y, r ul e 154,
t hg decgg?)sf'ﬂ%gorggb%%ﬁthgﬁlggtﬂ%s‘gd,l{agﬁgégF%?Oé ftl &ft%heeﬁvoi taéea%rggllglju e%%’ o dul e 38,
and t hecapaciwamek 4Rgn@ 058 hpaet imtheeodiectdr 142 and) 34 @) gespsctivel) & acasrdahiéd with
descri bed above_ for the 1C 22, the voltage regulator nodule 38, and the

decoupl fegrefspet embediments of fhrepressutinyention; dig pewet ¢rlivery systeank? iskaupledifot e
circul tRdctyiGRbide SSEE"TACISLOBLCO0R Ofin Fffel ! 296, 5 CANLALAJTDIU &S
or whet her ~ one or decoupling’capacitances are required. e pnhysi cal
pr oxi mi hiyovefwithefdréhc22o AG. 2, hige preferied pathiforchiph volRageplowheairieat pavge debgsty ad or
nodul es and_ t he decoug/l i ng capacitances is also a 25 factor to mnimze the

i ffedan&emdhe rewsigupplyPAteIthartage srgulater nardids 3heig thpareer cpaifgtion 3 asing

speci figati It i I I per

oot e ceiedlsiot B FEB Regt [ eh 13 theAplpite AR 1A boll,
decoupl! high cagp@Gohan R the paler@niédion WD &sin tReZcondtBer M, 8Rn té e ICAMdsdow
circuit 52 nmust use its own voltage regul ator nodul e 154 and/or the

decoupl Veltpeeahial cement owsByiatie puveer gonegten 44 usingthscondustored 168 Alsas

decoupl i,ng .capacitance 42, ol tage regqul at o dul e 154 and.t he
decoup (orBaRRih taRERecGET & YRLHRER SN b8hyr 2P ishe WSk vttt or
143 or 34p1édio the 1QI32 hatowovolidige HRSICSurRMmt Yovderdiid Bk gbbv@r Scilhletitn 34 &frig the Of
the draw ngs. As described 49 WO 03/028420 PCT/ USO2/ 30591 above with

r ef er encenduetoF|l &, withougnsing tfe depeupding capaetianseddy be | ocated in any part of

the connector 112 or 140 incl udin it hout || ion, the .cover, fthe
socket _and/ of ehaa e magad s e Wi eings S FIED R, B poldCadiER svaisn
ilTustrap %Scoﬁplealt@ﬁ@tmﬁatevmm 8b 16 pRvlde pdeARftht Rndte BRES $1. T frefedred @S
shown in 5 FIGS. 13 or 14, each having the voltage regul ator nodul e 38 and

154 andpathdormoren delivayy iclipadha pavess supplyAd ta 68 voliegetregulator moduledideshigh 112
o0 120, SSPESL LYl ol SCRRLINES e IS RTEL LR £TDES FERS Bt 1
greg\élr ?E ! g&wn fo%hd &olifliroapaditatles £99 Ra8wWolthe BighBAER JoWeF Vi@ thepovist
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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above with reference to FIG 2, the preferred path for high voltage, |ow
current power delivery is 10 fromthe power supply 34 to the voltage

regul at orwoodwks288 vi a t he power connection 36 using thecrarsdeeeser 116 or
the PCB trace 118, then to the decoupling capacitance 42 as |ow voltage,

hi gh current power via the power connectltgn 40 using the conductor 116
then t oPPHE PENEEHoRd 6 yng A oRgucton K watiPiarting heie tage scauiorTBoRe 154

connect bP 44 1ing ¢k q gtor 116. Al so as described with reference to
FIG 2, e c#h?” crﬂe}‘gﬁ%&?o? nodul e 38 may be alternatively directly 15

coupl ed to tHemteg:nQEI(hslsl the/ comecay @ 12 hiaghcamabnErrthe polvage redudatérBoulw8s,
connection 54 using the _conductor 116, w thout using the decoupling

capaC| t QRlydh %@ecovwlr&ﬁaaﬁ‘ataae%% orhpthdhe waltage seguiater mpdwle 3% pud tha éécquahng G
5t he 9%3%1%11@? |4§VEfr}ﬁlacﬁr;\gttﬁer@onﬁgct&sl4@31‘1@11%%%%14)&%% gﬁﬂpc% tr% a%ij Ihocﬁge 18y

prOV|de te circurt erre

del i ver yr ihs déémmlhgeammcese&rﬂrﬂyaﬂedﬁzhé h@ltagelré@momgdulaumaﬁmﬁal e 154 as
hi gh 20 voltage, | ow current power via the power connection 36 using the

conduct Becoupling¢apeeitanpebS§, 105 bath tmgoltatsﬁé%%mm@d%é%wi the decgynbing ance 158
| h
2 o Kbk e SLOMEBEARENL: RRNEN Mok BRUE or ROBFPLAadRE 1o 10, Lhe

power Vténsideeatioavirchaiig) &dthoonlirhftions th&gy}ﬁd’s}%fe@é\ﬁﬁ%qﬂoykaﬁn thRlIIE®R2 dhdahe
anal ogous manner as describe with reference to FIG 2, the volta

r d§ul at tﬁm%awet iZsAheatlyp@pﬁagw&tyrfaﬁﬁylsgbaswéownﬁ@@blﬁ%«&?ﬂﬁ@d%@ng AB, thenot e
circuit e51re§ ra¥¥en {cts %?ﬁie tﬂérglm 81"2]111 re%e%q;[enp sy\é\%gl 5 S:?letca ¥ L:;[c% ed here%UI ator

nodul e SRR T power “conn n € conductor 116,

wi thout usi ngIG! feEilidaeaesUn dﬂ@aﬁa@aﬁwmﬁeld%mﬂm%ﬂa&lciteﬁlvsz,tabehm irage
regul ator nodul e 38 may deliver |ow voltage, high current ower to the

decoupl FHgS.dapudidt easbdiating thd @lpgmgu@mxmm@?pﬁ argl dsindghe desoeplinguct or 116

30 It t to.th t 52 t
connect FAMETAES ‘2160 150 My griaRalia TP AR 118 e ikvelt Y afal el B ieage
rqgul at 9fefa%@neooa§ﬁem£bme PAdsEMehventib ETRESGWR |deﬁ@er%' SR 11D ACRipfed DB
deliver | ow vol tage, high current power directl he renote circuit 52

via 501G\ 0Bp02B8IOWRCK ubs@@/zzwgiﬁscrﬂmdﬂwtlxr@fwmm toRlG.24 Assdengritiedevith

duct 116, h th t dul
decoup! fafgeaceiadibhadhe peptTidetulor ighipuhee I pitent Biecidyery i iR ar r
onl'y T Moyl 4806 3490 theH liagTRANILorbdul oD Via o iR QURlcfien SERARE LiRnce 42

or both"the vo?ta e regul ag nodul e 38 and the decoupling 5 capacitance
42. Si ncomiukctpr lﬂﬁehemmnhc dcnouplmg cEpyCitancy syz mdowheltagd blghoiumgtqmvmg wiaather

€ e g P R SEBEL L Aotz e A1, 305 01l ol 20

vol t age ppEeuiatiy povRe %ﬁleéééh W@sﬁé@m@@ﬁ&}émr'lﬁ 8. 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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capaci tance 158. The particul ar desired conbi nati on depends on vari ous

engi neering considerations including, wthout limtation, the types of
circuits wopBogedoin the IC 22 and the 10 renpte circuit PZI/US23d59pe of
signal interface used as shown in table 84 of FIGS. 7A and 7B, the desired

characteristics .of the thermal nanagenent system 18, etc., as _descri bed
her ei n. T9BRQE Ci@t 7 Blpwaoaiast figh QuTni RSy VAR YA lagh Eeguiatormedide toHempksot e

ol o SBCAEAORS 0 160 e 17 cRhotlr IZABAAL e W ISR O

conduct ©88.116 and 117, respectively, in accordance with the 15 preferred
enbodi nents of the present invention. The gower delivery system12 is
coupl ed to tRdtemagvely, the vpltapgiregilgermpdyle 38 may | deliver lowyolagss highedrmant h

r eizeren 3 I r.ef erred
bath oPSbR Meochuptfy ABRGENAEE A Bow b EROR 162 ubhEmeonhliiolli8! o/ L o0
34 to thed/wol t7agealieegitivaly) dirédlgub eheI8muiesciichie 5P awiEthe pOWBICEINhEIi0dS 165D t he

conductor 116, then to the decoupling capacitance 42 as | ow voltage, high
cur r ent 19fdung thegopductord lé@aé/lorég?mﬁ@glopbwmmtheyph@getrﬁ@ﬂ@t@hmé@lsr15 16, then
to the 1C 22 | [ YA h o ectjon
44 usi ng t ho Semaleifthd BRtuglthEthyUinEEls RS OBhval iy L Ofadt NIED SGABREELSP

t he vol Hizgglyrteght Rindke diRditl 52 dBpomet datneztibe N oatdivethe cdhdiredr 1 6aaduet ed7,t o

the IC 22 as |low voltage, high current power via the power connection 54
udOng t wethewtrising the valiage roguleumodisle Ag# or the deentiplipg Fapgcitasaddi.ance 42. 25

I n an anal oggus  man s describe . wth refere ta, FlG t he, power
delivery sys_?%ﬂ?e_’ irbﬁfds' lgbﬁlﬁlc Ié‘{utcgortl\kil\% MR Tt ogﬂﬁgﬁy@t% r‘f%l%%?roﬂl}? egg’\/ver to
the renphlg thé d@déhﬁlilf%capa-él&n@é &1, ok belh thdad gt SsguReahodifd BY fd/the %leédu@ﬁh% he
power supply 34 to the voltage regul ator nodule 154 as high vol taé:)e, ow
cur r ent capandance ¥a. Sheilabithe wodwden § ldrmaecanyinsgherthe voltaga cegmatarimodulpdbd t o

the decoupl,jn apaci t ance 8 as | ow.vol t.age, high curre ower via the
bover conE def T aBEmaHEE 105 ol enst Ry S veetlelll ROBIE R BRNBE . c et
59 s5as |9¥&o¥191iﬁg’ﬂ‘ﬂa$>acimng@1$&!rorr§8ﬂ1 tROVSIEagl rébuldi6r mORNE 1 SEHINBE HeRpAHS usi ng

the conductor 117. Also in an anal ogous manner as describe with reference

t o FI G capacitinee 168t Abepartgulhadesiredrodubivatichilependsonaarived gngmepringe direct |y
coupled to.fhe. 51. 03/ 028420,. PCT/ USQ2/ 30591 . renot e ci r.cui,t as .| ow
Vol F agecOmid5RISR INSHAM ROy ymiatedy e 23 SRt BErtHER &b 1 1P areg e
Circul t  DONEEIr&GRANSE G 9Pe éﬁQgIAahls e iR Rs&PRAUEWR in ﬂalil)Ve 84 tFBYt7 Al B RE

decoupl i ng capacitance” 158. ternatively, the voltage regul ator nodule 38
may del iesared lchavastetistig of theithdrmalimaragemest gysicor 18, otct, e desscibephéraig.

T or. "ol PR Beh Seapiaeaiine 1 2 waf Pednal e ey s siomin s, Sher T

connect E%‘%a@ﬁ% tﬁé‘doltage regulator module 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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160 using the conductor 116 and/or 117, w thout using the voltage regul ator
nodul e 154. Alternatively, the decoupling capacitance 42 nmay deliver | ow
vol t age, Wiogloessze ent power directly to the renpte circulPCTAROYB@IpOwer
connection 164 using the conductor 116 and/or 117, 10 wi thout using the
vol t age regul at or nodul e 154 or, the decoupling capacitance 158. Hence, in
FIG 16, theltyhdnsiassus magngray deseripg wathireteranes (0diia dethe powrrdedivenuivsiem 38,
only th i ik . I |l e 38
andt ho e g theBnB 4RRE 32 fSoroglaciBhy e KahdBRGATES MeiretBEL P U
nei t her pathdovsiwerdelivery il fadra the vt euppivi 34 @ the veltsieaeglhtonmot@ledsH ha Aiph
158, only one of the voltage regul ator nodul e 154 and the 15 decoupling
capaci t ¥piéageslow cugienhpawervivsthg epwsreonpegionaodsingdhe P eBisge A by theneto the
degoupl | £ L GU i ination. d ds on
va ous AP ALARRPREE LA G ol LREE M Hen Sl T R BRI ARk RRABA

types olsifig (HERCB trade] 1By @énitd tHelremble cZréuia Bl aé 18y valREBIRIC Eurfaat bower vi iR
type of signal interface used as shown in table 84 of FIGs. 7A and 7B, the
desi r edPewer@anegtiontlpe ysigg theRCB fagerhl 8 andrihe eenduetor | K4 efse &n aanalogoys

descri b rei,n, . - 7 ] | gvat i I nd the renote

circuit ) gfaag dgﬁg\%m% “F!r}]l%ﬁe%gcg i%ﬁg}r %1§{fe%°g§%%r%%‘gé€8§bn°§ Hlézl\? gf"ﬁ %rél%mfeé)é a2t or
nodul e 88daadlyledpleath tHeeerloeiphit BY as BRI agel tRgHlcirrsRelpdvbdt.via 4 eslRRet | vel y,
| ocated on the PCB 114 in accordance with the preferred enbodi nents of the

pri@sent ragulaserimerhule themptamicutl ppworsopnestiond e psing she B tiage 1 8 addhe C 22 to

provi de po. th C.22 described. wit eference to FIG 2. As
descri bgﬁlw{oﬁt@%f"gﬁgﬁ%}?l{‘y}f@o ?mgﬁ%paﬁpg}cg:}?gd 25 path for high voltage,
llow current pgRatiday] hekYitdge régRol ﬂ@dﬂ@%'ﬁnaguﬁﬁ{/éﬁ 1% vbﬁa%l”'ﬁiglﬁ(&hfrré&e

regul ator nodul e 38 Via the power connection 36 using the PCBtrace 118,

t hen t opower tdéladgsbupling cappaantealfiBevid power dooneotioh tl 63 vsing therusingrthe RCBpaser

i th nect i 40 i the P t. 118, then t h 22
ow vor t BEEE anGBANET e rioR: e Sritinait S heNEL i lrs o 16he” pos
trngce 1i8natet BAM aa N PECinathd ddhdubios P1 %gviﬁhgﬁpﬁ%i@etﬂe %Mgerreglgatsme?ﬁle 1l§h.G|

2, the voltage 30 regul ator nodule 38 y be alternatively directly coupled
to the AQegtingy] tbevdewiuphggcapacigdnce 42mag deliyariew voitaget high goment powrandictdtiyn

54 in he PCB trace. 118 and the conductor 11 i t hout in h
decoupl FHYS CpHE FHBHES2 43 PoRsst waTas oot o ety B ispabh and i iondhtfsgous
manner qge %&%Lieﬁng\me%hsé&regﬁl%r R dile P54 %r tﬁehfcc&imﬁg cHRciRieM sgystem 12

is coupled to the renpte circlit 52 to provide power to the renpte circuit
52. The pr ef tiened in PHE.H 7f the PEB\EY4 nley carer gnly shefvodtagd tegulptmnerodsledid, pni34he o

t he vol tage fegul at.or ul 54 as _high _voltage, .| ow, curyent power via
t pomé?COHBl%ap?fiF?nﬁgggélrﬁ?ﬁt he V%eg?%@orlrfg‘?‘ﬁﬁ ﬁéﬁn‘i g‘et %‘“‘?hg%coupl ing

gggaoi t 2RfEitdm8 43S ShAMAKP HIABRAudbON 7GHEY &ty RANE! the/ VAltdgl SRR mEANDESA | On

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 employed in the IC 22 and the
remote circuit 52, the type of signal interface used as shown in table 84 of FIGS. 7A and 7B, the
desired characteristics of the thermal management system 18, etc., as described herein.
FIG. 18 is an elevational ;/iew 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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using the PCB trace 118, then to the renote circuit 52 as | ow vol tage, high
current power via the power connection 166 using the PCB trace 118 and the
conduct orwdIB/0284260 i n an anal ogous rmanner as descri be wPdT/Uet/arsence to
FIG 2, the voltage regulator nodule 154 alternatively nay be directly

coupled to the r e circuit 52 as |ow vaoltage, high current power via a
vol t agerefereRcsdq IFiggi- s dascaibed with feferenes todiiGy gﬁbﬁﬁﬁgﬁtﬂ@rﬁé}t fop Higheltags.ng

t he PCB ; : it t i C j
capaci t%ftr‘lkrce %E, terh%gk?il\slgﬁgﬁﬂg ‘g‘;”?/o ?%1 g4rt§gu Vaotqékg%ﬁgﬁroer%%@%g Q‘gl iver
| ow vol thegewehtgimection 3risingthaeonduetdr €6 aRhentohe decoappactdpacitdcd SBaylow

power connection 162 using the using the PCB trace 118 or, alternatively,
di r ect | yoltages high pument @owey viaithe ppyvey caniegompHasing hgwenducinrd 10stheminthed0 15
usisng t 3 i s i h t age
Cegur at o i, UREE phaR s pAeF Tl el A0ng Bt Bl {36, 20
del i ver Allsoviis\debdrivgé withi rgferanice (EFIG. RO volthgearefhlytor hddhilRS SreMDbEaleiritively 52
vi a power connection 164 using the PCB trace 118 and the conductor 116,

wi t hout diieqgtiygoupled (o thedge2rasdeiv aprgenbigh icurram power viadhepavenspanggtion 54

capaci t 58. w | . he PCB 114 .ma rry only the voltage
regul at gér]ﬁ%’?rg%uﬁ%gdl?g, C@r?r ‘f/VﬂP Eltlat%s’féz%ee%l:%;ﬁ%qllmﬁgcae%%t%%%%ce 42, or both the

vol t age regulmirRinal6pdus anferad dedctiBe 066 QetRtenbto FIGNACthE powEr dediveryl syklear | Y,
the conductor 117 may carry neither the voltage regul ator nodule 154 or

t H® decdlp dopled 4p Hsiremateeciteag 52 dnprpvisis@ovEr toHhe tamate giscwiefAi| Brearefendd e

154 and d i ng. ' 158, h.th | |
modul - R S PR ACE R 1RAE el 25ty B8 VOugeR Se b ERaD T B Bign
conmbi naybpipedRRLABENOPoWEViOME pEWer CURREIIE 38sH@NRE StidatioP NB7 AMicC] 16diHad to

without limtation, the types of circuits enployed in the IC 22 and the
renot e therdeoouplin capdsganogdd8a@k layy yoltdgei gl edraané powernvia hegiooken commettadn B5684

of FIGS. .7TA,and 7B, t desired charact.eristics of the.therml nmanagenent

oyst em e dondifto 19 eE B rEOR oteiEs2 Fyiofialines R GHEPONR S0P BF ¢ he
| G522 apelyé@nh&tha 66 'uEi?lg'tﬁe RAdud@sr BITOMsd 1h 4l daStogodmAMinet 4s d&eAHe WAKI N9 a
vol tage regul ator nodule 38 and 154 | ocated on a conductor 116 and 117, 30

r espect refeknce takdGd2,dbeipbliagg reguirorn madide 1 3PaltemohtvBly thacle didecily caupdedhtoetbe or
112 and 140, respectivel in,accordance with the preferred enbodi ments of
Lhe o esinite FRGRRE B ripliab R lrent Hpovey via st el B e MO |

22 to PSR WehindcBoh 160 hiéndthe cB8ARET AN 7 DGRt hiing the\ MR- O1RE 4R itance
PCT/ US02/ 30591 reference to G 2. As described with reference to FIG 2,

the pret&8.red path for high voltage, |ow current power delivery is from
t power supply 34 to the voltage regulator nodule 38 via th ower

coinbot o' SARGERHHEIYBE SRR TR o0 AR i NS RN U sn B ABRER ance
42 as | g¥eg 'tlﬁzg&mtlé}iel%'%tag&l{iﬁg&f IC RANEpowrtohfi:iBRWES uSiRE AR oh @40l 16%0:N9

t he conduct or
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
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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5 22 as | ow voltage, high current power via the power connection 44 using
the conductor 116. Also as described with reference to FIG 2, the voltage
regul at orwoodwbs288 nay be alternatively directly coupl ecCrawshleosbC 22 as

| ow vol tage, high current power via the power connection 54 wusing the
conduct Qr 116, xﬁt@&¥t usingF}he decoupl i ng_ capaci tance 42. 1n an anal ogous
manner 2§ MeEEFY HROOFIMENS of Hednesent igvention. The ppwe erygestenekais sodrledio 10
12 is c [ ' - ' t -
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34 to tteferendettad@Gr Bght prieferredpdthl for hizh vakage, ifw curtdnt power detivergus fremit thpower
via the power connection 36 using the conductor 117 and 116, then to the
decoupl PAYCTHBRLi XA dhe Volgsateenisiprypadulesds Vinithapawsr cemtectionds piefeably asvgwer
coRnect | i t - (o} ' [.L; as
o vol RRCH faca Bl MEmEB0AY GHRE Ecbng i oDkl o TR Gofihg Edfabicaiee S

conduct 42 ad bt vaMlage, High anreht poWEOUS thegoner camectemcs( frefevdblyusifigfhe icofde:tdro
FIG 2, the voltage regulator nodule 154 alternatively nay be directly
coupl ed!l®anddters aisgigrthg PEBgaca d 18,dhentg|thalie22 s g ‘(911%/35@3 mighyaeent vi a a
't ) . . . ) h
conducr B e WnoRE P e o FRRratll ikl ne ARl TR ERN R End ) bR "

Al t er naPCRBatace 118 AVl dsalgscribed withtreferamoeltd FIG38, fhayollgld régilatoPitiodtle3838ay
hiagh current power to the decoupling capacitance 158 via power connection
1

usi hgaltereateshodicacty caumedto the K 22 ARy valtage, lagh eurrany pewer e theewies

circuit 52 via the power conpection and. 160 usi ng t he. du r 116,
¢ hout ettt OSSR SR D kbl B0 iR b Ve babrion B2 HE 44
decoupl hgmath@BASIMEAINE PCHtraBRYand €ld coRludtoM 160 dsp@Eiveld] GlhGl AR th OVer
directly to the renpte circuit 52 via 25 power connection 164 using the
conduct deconplng edpaeitarce 4&i ng t he vol tage regul ator nodul e 154 or the

decoupl i ng capacitance 158. Hence...in.Fl 18, .t onductor . 116 carries
the Vol t age. PERLFIEESs bt SA0EHR Ml et 2189EHH o BraSbel
dggoupl i N APRAItS BHRGEMAR cirduit sk & pvvideBwePRAHE Fediotd difciie57. I Bife frbfrred
vol t age regul ator nodul e 154 and the connector 140 carries the eco;gl i ng

capaci t pathdorigsver delivirgis ft@n ithe powesiseppdy Bé e b vohiegeregylatonmadelad 5S¢ @abigh
circuit shown in FIGS., 13 or 14, .each Vi t he, v e regul at or
odul e $8TESONEET LB Yoh e RE BT cioR 8 R (o CELOadI EaRe 42
and 158;kaaahweg, ddind 1 coMMRAE16, thdrltoARs ddddlplifLopaGidnYel 38 asiBwaoHassance
with 54 WO 03/ 0284 PCT/ US02/ 30591 the preferred enbodi nents of the

pr esent highwanentqpowet v thopewverdehnection 18§ ptederalilp using ¢lwaxsinductonl 16dnd |1 C 22 to

D e L 607 25,0055 LR PP LS o
low cur peRLt: RRWRIPHRE bofic¥tidrS 166 BFetdby using the conductor 116 and alternatively 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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power supply 34 to the voltage regul ator nodule 38 via the power connection
36 preferably using 5 the PCB trace 118 and alternatively using the

conduct orwdDIB/0284ben t o t he decoupling capacitance 42 as IpoWusobs@ge, hi gh
current power via the power connection 40 preferably usi ng the conductor

116 and al ternatively using the P L WE@»n to the 1C 22 as | ow
vol t ageSIrFHIGH: WA PPYSE congseiemn Lt prelge b’dﬁ@’g B Fenuetop b 1g andhalierpatiygivyusing ng
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In an ana ogou erence power

del i vermoﬂy&tlémandﬁlel@)nn&taom|(ﬁd‘ldsmhddb‘t’.omﬂﬂ‘lgto@pwlﬂhﬁw 15852 to provide power
to the renote circuit preferred path for power delivery is from

Ithe power sufpiiEB45 tb8 @rrdelS{/@P@a@@ph@@eﬂpa@léam%wp@atm thescqnngcﬁor \mﬂyttalgee
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decoupl pogercapasistoaniahd &p 6$arldﬁw sie{s) agand 7/ bHihe 1QT2NE Mhe ROy ghﬂg a the
power connection 156 preferably using the conductor 116 and 2

allfer na@&lmélti}}lce 4? meretvise pPER frempewenennedion 2dpfarmed pethstconductardild, 62 aas | ow

{ne. contrbienr ik S RRUFH Baig 2 BRG mERASRALS {7 22 8B FCR@Re g2,

anal ogonsthme@rth@@ﬂeasf 1 12Ein¥iutés th@ﬁafoaﬁﬁ éa@aﬁta@ce 22, thORC pekéragfnection
regul at or nodul e 154 al ternati vel Irectly coupled to the renote

ci rcui t 462omsed Wo“(ﬁ@ D@@tg@s B F@IQSléWrthfemldqy @lestrioglln cwwmgtﬂ@fg@co@gmgat or

nodule to r ower |on 160 t he
Conduct SiPeEies 12 if it noxP 65 g B0 3G pRB R Pn BTSNt HE bt Reghe | e
degoupl pagiucRPath hﬁd\ﬁ@ d@é&} pliftk t&JaBRdrcY @b Y In thiexdRiple2 @R doRAsiGH1aD repdng 38
may deliver | ow voltage, hlgh current power to e decoupling capacitance

158 vi aapoligstion ofidiscreieqrarts @sembiddan alplasticubir gy mber thamalcantventionebsinglg piece
alternat|(§W¥ ﬁ{n th PCB trace 118 or, alternatively, directly to the
remot e SEUEYP SUF asPlESHE ORE- power connections 162 preferably using the

conductor 1161@, rZO%hlhﬁfdﬂéktng&é\bétloh'ﬂengoﬂtﬁ@ICP@ ak KB&#n ﬂnlﬁgsm ROVS, Hd$inBhd he
vol tage regul ator nmodul e 154. Alternatively, the decoupling capacitance 42

may del theemall manageintriggstemi l@mndwnremtromgmtwdmtsécmhgc (Ed) kmissmmostrob5 WO
1dhg. t REITRARTEtsPraERes wih A REleHEd PYLTYRRER RS TEepUg eRte 1 TS T fou
us Ng t PEwUldivas syseh Bt fle s@ﬁp&ﬁl&é@y&émtmﬁh@ SieRbRlonhebtioRPBCHE PBGEr
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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158. 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,
t he PCB 1wo caess2es t he vol tage regul ator nodul e 154 and pdrasozsesect or 140
carries the decoupling capacitance 158. In FIGS. 15, 18 and 19 the
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system 18 includes a second heat sink 206 and alternatively includes a

second kepatatgpartsabietrma0ise fomdedasensonigerapa210, each bei ng preferably

| ocat ed bel ow, t th 30. The f t and
the-second nate ht o SBEntN fes e Tt S A ne By B s AR AT ¢ o
the 1 C 2oMll Bedt REIKIIVBL recRURNOAY] BRIrAB heA awa ) @okh the firdt Beatbink 400 dnkitRd sdaemd
sink 200 and the second heat sink 206 may be made of any type of naterial,

and ar ehgateinkr286) sespratiecly 5EheMirsd 028420 tIRCRCUSDRN 206 9taydfaveranalype Phdesigr st
hez%t i sulta%%ofo?ggshtubgeans ocr%li]lﬂm%ea?rt ac?oss l§h fo rst hea%/sur;'ltgl %80 nde thg rsecond %eeﬁ n?(t f06?f
respectively. The first fan 204 and the 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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contact with the IC 22, the heat spreader 202, and/or the PCB 114. The
first heat sink 200 and the second heat sink 206 nay have any type of
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the firg02,hestectifitit heQOpadaderd 102 macinfrstigat sifik DK0,226veentBRSTHELL hwEth¥ secbie
first fan 204 and the second fan 210 may receive power via the PCB 114, the

connect beat spreades 208 thetwenndhe sespnd hent smqeier 20% and tha PE1R 1 ks @nd/picbetweasibie f an

210 may be ecured.to t t.he PCB..1 and/ or
Che controndped Tieaddidls Aha HERKEH R Sokad e ah Bl beocs Hpriyl el BP, )
f qgned @&@g@ﬁ%@wgﬁ{ﬂlgml@é@mgﬁ% be formed as one integral 25 part. The

first heat spréeader 202, the first heat sink 200 and the first fan 204 are

preferably [be EMidemlBSlen eandrok sxsteam 2@ sgronpled tothel Ct23evenihe M ofonnpation3022
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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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is constructed, as described above, and further is constructed to have
thermal |y conductive characteristics to provide a heat spreader. Hence,
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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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62 is pref er 8igngl wire bprds 239 cannesiappeppstatesignal peds ari the dorc2afitee (" LTOC!)
package

P a0 st gndieltR e ST Brrehelsd e Maniat nalie s iiBored SraROBE R Semisttugror

paskagegkhiira@®%0S BaMarly) polver witeboRdse234HoRAECR hpproprRitdBew@Sads 5h Ha!tep PRE6E-
The sem conduct or substrate 60 carries signal lead frames 220, power |ead

frames fezemi@Bduetar dinés %mmaspm;hmg)povmwa@%ﬂ&maoogc(gnmthelteadf fermagnaxlugtpo
and thealﬁ)é\f\e é{?ad frames 222 each extend fromthe inside of the

sem con 13 ackage 62 to the outside of the sem conductor package 62.
The signal | epg (Y@M &2k 8AG0r PGV&E 1ﬁteﬁ‘a&n@|2 iPadp@2@ on HIRCHI1REh T0Sf ®E 1Ehe
sem conduct or package 62 and di sposed on the top of sem conductor substrate
60, and22 Biajerably, thomterfacedl? forsa didectut siateial havispan epproritodicisarkage 62

di sposed on the bottom 0, seni conduct cka e 62, as shown
I A A R T R g e e R £ A e A AR
sem con#&%g&hmgbgg&nqg,of%@e%ri bed with reference to FIG 8B.

y, the 5

Pref era

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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WO 03/028420 PCT/ US02/ 30591 signal contacts 90 form one side of the
conductive plates adapted for use with the capacitive type of signal
connect i owo @®2shown in table 84 of FIGS. 7A and 7B. Si m Iparmiyso2/B6501 power
| ead frames 222 each have a power pad 228, |ocated inside the
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70 of the IC 22. FIG 22 illustrates a cross-sectional view of the IC 22,
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FIG 22 is the sane as that described for the 1C 22 in FIG 21 except that

t he senw&?dtﬁ@t@rcoﬁ‘ﬁ@%@ngs)oweanﬁmﬁp si de down, otherw se known as a

fl hi at th nd bstrat
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and the power contacts 92, respectlvely, in different 30 ways t han Wth the
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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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60 WO 03/028420 PCT/ US02/ 30591 FIG 22, what may be conventionally
referred to as the top 232 of the IC 22 in FIG 21 nmay be conventionally
referred wo @a®284e€ bottom 232 of the I1C 22. Wth the flippchiysomsisent ati on
in FIG 22, the power and/or signal pads (not shown) on the bottom 232 of
the IC 22 face towards the sem conductor substrate 60. The signal_ pads
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power pad 228. FIG 23 illustrates a cross-sectional view of the IC 22, as

sHéwn i serFicenduztor peekagk 68 viith anHwrighbyedeanducten die S8ohavint agapacisive ke, ofand
supporting @ _heat sink.200 S Sh in FIGS. 4 San 8A,, 8B I , | OB,
obP0!  SibafndbiRte, 88 s pafom DRI MlpoRr e e St REFS BEEE, b f or
the 20 kftegddtel RirbliGas SlowrNRAAIGSORE! 5, A RBNDA SBOMand I The 37 MaiTgdes ihe
connector 112, forned as a socket, and t he heat sink 200. The IC 22 is
car ri edth®samess thne dessribad for s Ite2P md1G. 2 bekeent thes themewrer contmite?2 arzBocartie

|IC to PCB sid]%n % ?@%{I&r ower interface 132 is represented by the curved
lines eXP&f B% f t4fe power contacts 90 across the bottom side of the

conect or 113he hBwkt [ead #dme b2 h&sgthte Eg@%%éaszas ARd BRRRWeE cotthot 92 QuRbRANON! Y

the signals between the IC 22 an 114 because the power is
del i ver ednrteotetihbemhaed of thepowerlead fiatme 222 The lepd dfame23Rys routed thromgh tlece 132

[ ied with the bot f th t 112, either. t
oi ece. paTTicgRaor SRS AR Yphroigh YReSesn a7 oF e pomi By STBR e oo
to the Ife %IgD‘FV}e% ;Zard;{ﬁ[% iPReated ?r%l'ilgeatgé SerfiondRe Rl ﬁ?crllcgg% 60 enPlsWPoded A thé oPds 30

the I C 22. y, power elivered to ower contacts 92 | ocated

on t he semioidicodr stibstratd €D. ZPhevposver hentpay B2 1is ooataed outsida tiddsenfiomdecdonpackage
C02r(])dUCt %5 a%(% gispcﬂe&l%rnqgé tio\;/>e 8yo’f sgrgivc\:%rrldllc%or%%lcljza\ég r6S,das shown in FIGs. 5, 9A or 10A, and
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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to the power contacts 92 |l ocated on the side 74 of the IC 22 via the power
connection 24, fornmed 61 WO 03/028420 PCT/ US02/ 30591 as a PCB trace 116 on
the PCB awo oBoeswea as a conductor 116 carried by the connectrarsodi®ol The
connector 112 is electrically coupled to the power contacts 92 via
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abqve. E i [ - I i 0, e rnped as a
ovel U Smh ARV EP Aet ARG RAlack, Dbk WG SRBIC B o5

havi ng sh&APRETGSY 2B} ¥,8A, 3B, 16AJIGH, 100} €1 ARC20.0Thd 2 DRIRIGE & iilhhe the 22
and power contacts 92 on the top 68 of the integrated circuit, as shown in
FI GS. 4dgscebedirr tiggC Znn IGS. 3Tanthp, exceptha thadype of senpipandugtgr packagh62 sane

92 aro PRBRVER FLRICERG 0 sersSfpleRralq 3s 5 3ot N MR ATan GO0, 2

t he powgHe MpEhipsticatfionh s desoMded waihirafetende tEFIERS. 2D @Al Y. connected at each
end of the power |ead frane 222. The | ead frame 222 is routed through the

sdfi conduct oFl@b angt2s egoh Hhgtrafps ahk Bugyrhemicandyctprpagkagerf bat t he

i cond kage. 62, .Th d 228 is,| d '
sen contrepanae e 3eRiRPtue e B8 Holisshe) himeBERERE L BR: 2, Hofeeurr
subst r areG 64 jTh et ROVRImiEcHTu 8O ﬁ&%aéesfohﬁ&ﬁﬁﬁéic&hﬁiﬁétﬂﬂl dfha caeipkelangwict or

package 20 62 and di sposed on the top 68 of sem conductor package 62, as
shown i makri@s245andothe beat sprkadexi?@2. 11. Note that the power contacts 92 are

flush with t sen cqnduct or . a 62, .as _descr,j w.th reference t
F G 8B The |BBARPPIREBAGrSER o Geat R B ENPAoP ha POYENHSE AR he
tog 232 h_thiné Qﬁqﬁﬂ%w&t@ %nsi@té?lp? @nd B abBEecP&lfécﬁ? ROAGHE Qerﬂi%‘&fucﬂﬁﬁiezﬁﬁ as
FIG 25 illustrates a cross-sectional view of the IC 22, forned as a Level

Two 25 sewtlthmvcinghe pid ok sepaicaRiugior maaufaciupped Pederablyntia encapsulatingsBatehalvi ng
a capacitive ty 0 si.gnal interface, on the pottom 70 of the.lC 22 and
pover - o ewpliGbiodhe prutespote SrmiEnEper 3¢ S Resft ooV e 905
8B, 9A, PRic sSfric®Rbuckdr did B8 ahd ke bdhtdct FithdRe dtniBorkRE Bstra 60f  t hat
descri bed For the 1C 22 in FIGS. 22 and 24, except for the location of the

power padteRia8yvely,lthe ehd@piating mht€rialZB2haxy dlsebesapplied fudthe tayr ardisgdes 8f the t he
flip chip orientatjon, as described with 30 reference to FIG 22, a as
t R powsrmicendusiar digd.| dhislicwatytese oy awlistiangd theensgpsulafing Fdteria] 243

completely 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



described with reference to FIG 24. The power pads 228 are | ocated under
the sem conductor 62 WO 03/028420 PCT/ US02/ 30591 die 58 along with the

si gnal pawe @dss4and are connected to correspondi ng power padaUsP2edso1 shown)
on the bottom 232 of the sem conductor die 58 in a conventional manner.

FIG 26 illust cross-sectional view of the |1C.22, fornmed a Leve
One sem conﬁlﬁﬁﬁ%ﬁg%wa the SeAICPNApEAn S@@ﬁpéﬁ?ﬂﬁ%f}@rpo&ﬁeéc@ﬁ?ﬁ ﬁZvihh@lSa
capaci t i i . nd
ey ColE, ¥ 86 A ine LehiEondudtcy BAAREE R eitfschi i elepiod Huflber danipaant |
8B, | Ohe ta08f the Geat spileaderd(02@nd THegop Gf B2 semideh@ct@Gubsirase 6d.1 ar t o t hat
described for_the 1C 22 in FIGS. .22 and 25, except for the tége of

seni conduct of IGZkilgraes a aassrssgtianal Yigwmt dhe B622, ap ghavamndd i de @ity 58 i s
nmownt ed j t . i i; ! rj jon, as
Goder | peStebiSf1 PETOARAGI Bt Aad SO iabudi g U Py Rl AL &

i |1 ustr20@as &nthet €overy 168 2B and £9.0ThpHE R2aged E&ZhitdialictoepakpgaibhindsG. b2
sem conductor die 58, as first described with reference to

FIG 21.
However 1S thesame gsgthat degarihed fersthe 16 2Zapd) rmisensfucios prekgae 62 HHBIE- 26. Additional
nbi i f I:ati i )
conbil “aélkeﬂl@?@ sh&Wn GI'FRP 9Y 11?&2191 ,hg %Efoﬁhl%%&%dasta;é&%%%dﬁlg{) ]?e,%g:s:iékégg,

The encapsul ating materi al w se Known as

conpl i amid thaidecdupling ¢apabmaticed2a | i quid, paste or gel consistency and is
applied directly over the sem conductor die 58, as is well known in the
a0 of seni céheidesouplingappeitance FhEicludent Srshseyduchiveplais@dpsod aseeogdnat er i al

242 is ' ' he ] ' i.S:

por m ¢ ¢ CEYe pifg 2R sHREMEFRES aRiccitnBRRRTUEAY, Mlifind i eolcline,

cont act capatiaricb @2 st senduewnlin thehstofahgacior dedlgne MhatdestripYing tpicitance 42 is
encapsul ating material 242 nay al so be applied to the top and sides of the
20 seni @ispenge raithejiop 6§f thallG 13, andymere pagticylarly sepethe topco&efifhe beat isprigadsr t he
encapsubé‘%i ng material 242 conpletely encapsul ates the sem conductor die
58 agai NSt the sem conductor substrate 60. The heat spreader 202 is placed

i nsdirect contfagt powdriRohhRtdr 96 Srd Adgleerdte bdtOnd foEdENER258] Rc&8d o he
heat spreader is preferablf( formed as a thermally conductive material,
|

such asopussie sidpy ef the dedopplingeapaeitance A2.agtiait power fremiies ppwer conagstiony4 the

encapsul atjn terial, 25 242 di.sposed.at the.perineter of,fhe.

e bonh Eearcr. g 5 Ryt G B RRRRR Rhee £F PR VB ool 3 v spower o
sol i di f }eTHstPowRY ciheBBRS6 VR thE vSitdge kabutdici medié B8 The QbokdiFovediaRsdétat | ng
material 242. In this case, the conbination of the heat spreader 202 and

t he appl$&miay alsogéceiveposver Spmuthappwgr supplyeidi i thespltage repelajpe modutesi8 @it t he
sem conduct pr di e, 58 coggl.etelskérencapsul ates the sem conductor die 58 _
a?f i nst PIOYMICRONEL EhY TRy LW st4 at e 60. Alternatively, the heat spreader 30

202 may be alrhgpged pﬁ-se&g{ nntdrBacih@estad BrsSRIW & Med 055 and$ bdc8h@p&ier

Al ternatively, the
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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spreader 202 may be secured in place by the encapsulating material 242

di sposed on the top of the sem conductor die 58. 63 WD 03/028420

PCT/ USO02/w058M28420 FI G. 26 the top of the sem conductor sulretrEe3@91carries
the power contact 92. In this case, the top of the sem conductor package
I's represented by reference nunmhber 68 and_ includes the top_ of the heat
spreader 202 TBRBOVHENBertion 2Anacludssiadoman ipe 24kt grqued Bue 292, e argell
illustr - ' ' . h i I 6,
carr; eatigh 86 aR3nEGE ko Wlyed | EMeRt itk elebent 1o AR 1148 pllel il 54 arie
decoupl bpegederpaiietd aoksgedpdiamdl andthaproand kine 280carfiss 4 gifohid potsiinin The pbwEsS.
12B and_ 19. The I C 22 and sem conduct or package 62 in FIG_ 27 is the sane
as t hat l1H23?%4 rayéss poier tntde desopplingeppaeitanee fidiaed e Sruurdie 262 prayides@ repm
Additio | ' C . fornmed as
2 SockeP A aEERERS pBUANR fnicAecbpig S fahcst OMTENRE idd 230 557 "T0 e

decoupl Ergtricalpacaipddas tHefilstgdwidesmindl 265 bf terfistqgiowee cpinzt@r 296taraind a
second conductive plate 246 separated bi: a dielectric material (not
e

shown) , clesirigribycqupiedde desutinst pryverderphiedl 2ahobthesecond powepeennertipids 8 nThhe art

of capag] deskgn. 1T |} | - [SRO the top
05 of ¢ Ao 5252k plekhicaNGERRLA R BRRG bARER e s Tl RORR per, 7 0,
202. 15cénrettos 5@kl etetitally osuplébtoandseabndpdvesritaintn QG0 g tHe@eEndgpwWeect or
258, |l ocated on opposite sides of the decoupling capacitance 42, permt

pdRer f Fereetien HRaeWVith dhase connsations, the firgsondustive platg 344 capigs|teaipredetermined

decoupl i capaci.tan 42. The [ Ly 34 deliver r,to the first
power cdn t@%@%@“@ﬁ%‘? %eﬁ,gnQ% g‘é@ve@%ﬁ?ﬁgwﬁ%ﬁﬁ Igécng@.ﬂ%%v@a%ecpnd power
connector 238 Ifegf c@xhcﬁféti(z@%l@te\mmﬁﬂﬁideﬁéwnn@prWe RURSuYes3he \bk tndrd €

vol tage regul ator nodule 38 or 20 provide power to a renote circuit 52. The

first pposer wemhes 260 6 nreferablieformed with theyrskeeonduetiverpdate 244 sueldasbysecond
power ternmpal .25 The second power connector .258 includes a fir ower
Fer mi name sainites PaaKOR AT GRS TCLTAY ARD PoLeR 28 pariity Prh gt FrSieBoer
t gism nak)eéPral®y cdupfed th s ﬁﬂé@&ﬁ{du@t%;lﬁﬁé 044, 206h adhPsdidre, Wélaml, HARE 1iker m nal
251 of the second power connection 258 are integrally formed with 25 the
second dbedowti mempéra80 ekeetriaallyncaitasythe pomier coranth9a sotrgspoendiag tethermoitags

0 gl TG 2Bl BT e SR BRSSPl o
sol deri icg\&imd}%m]@d@g 608 shb¥h in Ficdkemi se, the second power termnal 257
of the first power connector 256 and the second power term nal 253 of the
second power Thescreod conlu2bée plate 24 tof thealecyuflimg wephoitande 42heclidessme conduct | ve
p|2%t © Z{glfou%a n%msbierr]s%& tﬂgti its bre?g‘g&y%gmed 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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30 by netal stanping, blanking or form ng, but nay be fornmed as separate
pi ece parts that are electrically coupled to the first conductive plate
244, suchwassbygsseoel deri ng, wel ding, and the Iike. 64 WO 02CQA84260591

PCT/ US02/ 30591 The power connection 24 includes a power line 254 and a
ground |ine 252, ?i?are wel | _known in the art and as are referred to above

with refeieRidhg ¢irgls ef ellipserihe ypitaned fefor stginward qusled hanqﬁrr@amt@rsmdﬁe&pss

vol t age The
pover - FteEl R Aol Lo o0 teseh B H3E op bt phn RGO EhI Bty
ground kéduee tho2omipeassidn Foraes @t the IC 23 attmtghhé Braxishe ground pot ent| al fromthe
decoupl i ng c\%gam tance 42. The power |line 254 is electrically coupled to

the first powBehea skl lg%pwdpnéoﬁé&%fithﬁ&v@? mm@tleularémh%lh@t pigk 200
el getri ?&&%@@8‘@@%&tfx?geﬁoh@ﬁ{gz%gm{ané 5 fgl heﬁfs;pré)ade} %g&? tHENGL-

connecti on roun I'S e ectrica coupl e e 'second

power t @hiforfathea? Gdnsitly ohhﬁe §eniiséndpowe tie 580 Mhe tkatrsinkoR) 0ajdddids RdaC ey ol Y
coupled to the second power term nal 253 of the second power 10 connectl on
258. W the semecpadegiandie 58 girsthehpat spreadar 203 aad/er thedegnupliag papacisancedés t he

D et L1 8 AL B8 MEEE IO o RBHE S  5y  frion

decoupl bitheGRfIRch&NTE phte 24 khedREoINRnAlictive hiate PABMAAA tHRIdMElEGi2RAtdHARlo | S
preferably fornmed with the first conductive pl at e 244, such as by netal

stl&nmpi ngemt e Ihﬁﬁgilld\’r 2G0deriitegtly enmtachh hentsiprasder 292mbnl this case sbthaveh moglicdc e

part andg t.hen 15 ct y C | .e 0! ctiv te 2
ich as hsypeebeherpeiSl e 16 2240 B st S5 200 inef R fpads BpF B e
el ectri gb key¥ndiRfiitd¢he AAEsIARBOO viaGns a&bﬁ%&f@ cagstﬁfaﬁw dA RémAtevely) ehevid1é g
potential, on the IC 22 preferably on the top of the sem conduct or

subst r athe moummgtcneacutem 42 ey b@elrmm@ti@d mp@rrmqoﬂa@ heajsink2004g ccst‘rduwrlall of the G

el udobE iose s tEEonY R Bt ape sl SRR b et PRR 20D % G ancn
the secqnfl RARANGI: \aﬁem}aéo%ta%ﬂéle 1o hiCBreader02 afRindlat R RioMGon &t (ROBEME e

formng, but "'may al so formed as a separate piece part and then
el ectri oﬁt}ﬂeyieunlpﬂlhgdapwltam@econd conductive plate 246, such as by sol der,

| d , d k Th d.menb 248 t I th
oround cont aElQ BTGt A pATREC S PRGN ot B e AP TouRe 1€ C 92
pref er alp y,e rasm%va%&&erﬁle&uﬁﬁf&w&qg@s@rcaﬁ%% b abeneRfdr 195, hiifed?n 4 Qe

two sem conguctor package 62, as showA in FIG 27. Preferably, the power
menber s pbe caved atdhes gysawlotl amrbs'dppoﬂmgdacmphngamacﬂmcﬁéﬂ apd a hex spiki 280t aspri ng

3o, PR TS freSrtmei, BembBr 2050 dhat FhdS gradna THeHpERGOR AL SFEfimed

22 m?ggﬁc}{e?t@% 22 @B{ é}g%r Ti@regi%) fbﬁx‘ﬁ?d gsregx% 1EVRAREwREnieSHuedr BYA4gd 62 Whé he
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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30 turned upwards away fromthe sem conductor substrate 60. Alternatively,
the power nenbers 250 and the ground nenbers 248, fornmed as conpliant
spring nmewbaB®zsdoemy have arns that are curled inward in @&c3armoz2/eesecul ar or
sem -elliptical fashion with hands curled inward towards the 65 WD

03/ 028420 PCI/US02/ 30591 center of the circle or ellipse. The upturned
feet or the FHieA S 0rkRadshien of tierassembly yleyerl thedsten: i s shewn I G @dsy

and con j S Lant j

Feduce HRLH SRS R TR0 PR BYRGR, LRk IR, e HAR oRLR o6,
200 i s despasgrcdoner commeb®r 058, taltep p&itidR 26Mbf thepantdctouwl1aR) the fitdoeommativsi nk
200 5 is disposed on top 68 of the decoupling capacitance 42. The, heat

spr eadePlateAg thesepnndaondydive glate 240, pSeMeHRATONE6E9L the gonnepier Sbhviasigndlict or
di @ 58. j : i e 58
713 Cheotl DR 268 Me 0> SUBCH'GR, D6Gorf¥EMon 28 LE ISOARILS 12U B FiF

t he decowpl i ng capacitance 42 has a hol e extending through the center

portion of the first conductive plate 244, the second conductive plate
246, and t heThe Beatsinki2004ndispqsad or ghe top pprdioni202 ok thearreciar i 22dbe tap

directl : e | I he
neat _gelea 2R op e bolti@ior 32 R0 cet mbled WalrbaRipel s ROUED NN s
spr eadetomti@etor 386 EBndalseconll poweOERMEdtor 153. tThe thepdrtion RK2 3Pfhe Comnectoe 112
decoupl i ng capacitance 42. Alternatively, the hole in the decoupling

c?lﬁaﬁ i t B#fceholo ﬁmpdibé thepugh tha cereraseaiaeriept, vihigh in adapted teRen\® a4 eentcs pETION al |
: ' . . . i : |
Che hea?t O eetOBGH L AEGHESOUP IS BR FRARE I Ui he opniubi 2T RS

heat sppedgtahe 2802 cofmetsNHerddf. | east a portion of the perineter of the
decoupling cggaci tance 42. FIG 28 illustrates a side perspective assenbly

vi ew of the $efisshcanductve plate 24¢, crprying the welipggpotentialy giclupge thesasand peWEt or

k 62 i i t 11 f d t . bi d
DA e oap et 25, bEe s BRNBE Ry on 255 e Heond hoPet KRl AT S Ao 2°
2Q 55howgow & donfftorf36, and Bpturdbiy oSgdwe? Bont8éts 230., THpdwek Hdmbleds 29T0exgéhd The

connector 112 carries the 1C 22 (not shown in FIG 28), forned as the

| evel -t fiomseach ob thforrrides af Kedfirsendudivye pthie 24 | Thegseeershipiwen termingd 25708 t he
IC to PCB signal and/or po i nterface 132 (,not. i.,nh - Fl G 28). The
connect B ST oG ERTieaROTEoR 8 RO POTHORURD 237 Mk Bl RO et on
the  conpegleYentldivards. { A gowed AlenfRAVIS 0% B&it d¥whiwarkds GThe 8rst Bstidukive plate
typically attached to the top of the 25 heat sink 200 at B. The connector
112 i ncR4dhlalso himefolii hales pabmdthefonnearners tiks®fand t he second power connector

S 20 o0 O e SO A SRl I L POV COMRERLOG 226 12
i's pref graflay 2§98Mhe FstPoReconnector 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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connector. The system 10 includes one or nore holes 260, preferably | ocated
at the four corners 30 of the system 10. The hol es 260 preferably extend

t hrough twe womssect or 112 and t he decoupling capacitance P€2/US02/30591

mechani cally align and secure the system 10. 66 WD 03/ 028420 PCT/ US02/ 30591

FIG 29 is an_ expl oded view of the assenbly view of the system 10, as shown
in FI G figst cgpfnchive plate 24def thg §ecoRd RAVEL RNESH 108 PFotlicsmately grangedradigeant 900,

the fi .
por t1 on SiseBTip BRREGHKHowr SqnngbBf € BN SYBANRCIE BN Banf ibanginteff
second Pesfetdbly| the ppivai eonddbls 250, carie@withahd seoon@éhdodtivichtate 06 @ad thie grdind a

signal 5 contact plate 268, the |IC 22, the PCB 64, a bottom portion 266 of
the conReueds 248 zamied withethpeggond gandushiye plaigi248; 3 abenately agrangrsksadiacsht tohe

t | 2, Qf : ti 262 of th t
9 P B! Wil 0121, 00 1 1 et

connect or 25@haobéehtédrisac2oudofthsesnneaon el s iRbgrally hdldedfefaret bdaptetitid of

the connector 112 10 has a hol e extendi ng through the center area thereof,
whi ch i §ecgiygphetirst poweconyestey 206 3pd thefspandgewepeonngetopdt§. oRhegntegrdlyheat

51K, 200 TR BRI 09 oA eo CARSEL o 18 ol B0 DRS b Yha IPlyES | 200

at the four corners t he first conductive carrying the

vol t age cpiieetot i1 82 metididalle alifh endReRRAtHEIOR bthet & providk cdmdcf hbiengesond
power connection 258, the second power termnal 257 of the first 15 power
cdfinect Breixspechyrtermipplsr dhe conngetop bowsings g adepted g meeivp ghefgerowminber s 250

extend frome of .the fqur sides of i rst, conductive.pl ate 244 he
second SOMEFLeF arf e SEcondpont Ebedr 5% el ShushRAEPT 3 Sele Bhipepifi 12
second R toEpoHiBAR62 5T thefcohhiRtdrilN S incoRMdall§ ANBE ehPhatedbith R oBRRto
upwards. The power nenbers 250 are bent downwards. The first conductive

plate prvidd shousing, ethervispdaseritpgos atcovérasshawn tokleed 2At fos theofecodplinige
second conducti v, ate 246, .ca i the qro otential ., inecl udes. the
Prrord B %, AR Sl sy s SoliedhP O Rk o bdgtes o0 o PRSP e

t gsm nalkorped tRdreéfie second power connection 258, and the ground nenbers
248. The ground contacts 248 extend fromeach of the four sides of the
second condudhe signpl cantactplate 20Ralignsand spowes the Srstipowkr 266inals 26 hecafrigdswith
power onnector 256. and t fi.r.st power term nal of. .1 he second power
Ponnect s copdieishptase 2, oL esebonoyteb Enemmapnd be S anEaier
downvar gmirHie, Seeandd GMARE Titsy Bohualiwv: A4E 28k ST thd\@Bol PpwdibRiReck? 58! t he
four corners thereof. Preferably, the first power termnals 255, carried

wi t h t h&@he éCdads monatad ta the cptut bofd 64, aflierwisednbwn st appu@possoboardt formidga and

' f&% Seci@\gel V\eeerICt g a?si s[l]lg\lzv% ix% ?fG ﬁirars iise\(xj/el | tor\]m} 1frllethc]; Iaurrt %)}' 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 corers 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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conductive plate 244, of the first power connector 256 are alternately
arranged adj acent to each 30 other at a predetermned pitch in the first
power conweaBmesd2b6, but, alternatively, may have any ar Pamgeo®Biso1
Preferably, the first power terninals 251, carried with the second
conductive plate 246, of the s%hp omer connection 258 and_the second

power ter ni nAjfastongs extends theqpelth 656‘#1%9@ o3 09BN apis et eashaf fessloyr £ st
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cdfnect by thisigitemaginarthe Bastopers) fognedhaschnars & olips, wr@fa@hlydtrwé¢ an gsseipbly\afdle o

housi ng th des ribed Qver homn

Hocoun, byt Bl oSG0 s3E0eRR R fRESEmBRARORM L Rpfit 5 reh&h it Berb il

al so hamal @tHatd Bl £5eBBl) o thelySteinOWthat iSp&aianeits dshatded in th erisé @aait cagmtact
pl ate 268 aligns and secures the first power termnals 251, carried with

t he secbmdlsmnmhkcﬂwéwptdar@agmsthemsemhé/@féb@mtqmmr connection 258 and the

of the SecondnhERBH i ERE Grhoxhe SSmpttbr 125 bé Reau RREU0, iR sPefh Bl
bq@r d 6414 B&Qﬁ&ﬂl’lyﬁ%féﬂéﬁ\w a@ﬁlefi‘ﬁbthé}ﬁ&fr@ gé@ﬁséo@ Alsd cafriek E’ﬂaﬂ? o theQireBiEthatthE ee
IC 22 as shown in FIG 4D, as is well known in the art of |IC manufacturing.
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interface 132 to permt the signal cont act?gg (not shown) on the bottom of
t he 25 E@Baddel(noostaivmmnihe RPCBdo tlesvpunuls otgexsngms mmfacmgtmtlmheﬁéﬂébl y on the

interface 13 n at i veI e PCB 114. The rti.on 266 of
t K connect oﬁoie’lt a'aﬁaﬂéashggesf%F ﬂ” 1B 8§ Cgpter R8Iy tg%h‘fsﬁ‘é “fth\%er@?)tle
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 in FIG. 27 and the heat sink 200 directly contacts the top of the decoupling capacitance 42. This
alternative is further described with reference to FIGS. 30 and 31.
FIG. 30 illustrates a cross-sectional 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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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 wenmesdqporti on 264 of the 30 connector 112, and tPlog/uso2Basal portion
266 of the connector 112 are aligned with each other along four common
axes at each corner. 68 WO 03/028420 PCT/ US02/ 30591 A fastener extends
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it 42, . FIG .27.,. .Furth te that FIG 29 d t
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L-'h'ovliﬁt ir ﬁrfeeg?o@l(ﬁ{l%ﬁéé 954, BRfihg YRR cut1BE aRSS AN dQ Eorlthe codedrBHUIAL pofer
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
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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
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recess to reggh Ve f{i1frdids dBfeRlal cofhedS 18 2GR% S forR8d 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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may fit over the IC. This type of construction is suitable for use with a
Level Two type of sem conductor package of the type illustrated in FIGS.
4C, 5, 8Av08B/m&29 9B, 9C, 11, 12A and 12B. In this constrcaatSozs)s9t he
connector includes an external means for connecting to a source of 30

power, illustrated as a pair of edge ci.rcui ards, or boards 256, 258
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consi de?vgtgmaans%{c?(neotr,mséﬂsatlgﬁ%nv(a/&lé}lﬁ?i SWS ﬁ@gﬁlcl n this case, the connector 112

i's shown upr TB&k cbhtatte 2a8] 250Nee foembd ireéachBf tHe@wb Ppedtebe24af 24 1@ndsBekedntachs a
socket, IC 22 fits into the connector 112 as shown in FIG 23. The
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connect G-s1 RaTHERE Ry g b FoVERTEReShe R dr Ehin e Spg it
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that is forned as a cover suitable for use with a Level Two seni conduct or

package 62, BEG.s¥asm stetioBplGEew4€FIG, 34gput vail) the Apw@Bnsudatinglayer 392 Aotashdwh2 B,
o e o g T e NSk L e 30 £k 0 Sl ©
mat i ng FRRREY Systim. aAdbhdval BNEIG235 She lover IMRufalh$ 1558090 dRRtagaBt Bty nal
means for conriecting to a source of power is provided in
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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the formof two pin headers 256, 258, each of which include conductive pins
255, 257 that extend outwardly fromthe cover, or upwardly in FIG 33.
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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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ection e t he.power. d e uct f FIG 37 we]l a
ot onplate ek el St BT ind e LRSS e Rbcoun e bRk S bisalse
Wth thjs 1ﬁ<§rEé&E& Hﬁﬁadetaréa%fﬁﬁbst%h Bhe bB@orﬁl @la&eée n Glihf:-if %ﬁﬁtwuﬂ i agssditent n
different parts of the IC, such as O. ) and so on. 20 FI G
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therefromat approximate right angles thereto, but the contacts 24
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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250 have different contact locations in the vertical directions. As
illustrated, the contacts 248 of 25 the |ower plate 246 have a first length
and t he cwotaoesi2@50 of the upper plate 244 have a second pATarsy/BOsow t h
bot h | engt hs bei ng equal as shown, however, the contact arnms of the

arrangenent EE--f iz a@rgqﬂg%faeta}?%'fﬂrﬁe%? BF e SrREgnYRaoR 5t WhisbeRd o 2aha
remmval ngf i SQYAE BOTIGH AR 9B B @@a&ﬁ@ﬁ@;@g&égﬁg& iincbibhdde

nunber contacts t engage the age are at t rst
cont act therdin.SAS Gllmtra'ad,ghamdkef wnnhnﬁor uérlmdcsanghler omyouereen slame(and hhs abddy st

mat e, | ast. break aspect t he poywer _deli ructure to reduce th
li kel i hBdoBH0 Qiﬁr@mfﬁgn 01&@&1}%@}“&@ Hderiays {Yﬂr %ﬁbCQPBFFﬁEE? ly gpfine zee

03£0284 habe t e 0f a
poéver del | l%eérry sygéée%é%ﬂeélfrhu%c{%%v%gnéhgzgcl)?%faﬁléée&\&/\n fg E‘nﬁfu nci pﬁgueés ot ’t he
pr esent whax\eﬁﬂmbm sityvae thei dirctiin bo:pﬂwe tordadt i gpniigstoe mrdifimls $90c | (HUEs46 hTae

capacitor plates 318, 319 and 321 which are separated by intervening
di el ect A$cOUPlng eappeifance 2 inglugigea pb@élty vhdisersis capsitgEt4Bmaehphvhichmay) at es

318, 318?@{??t%@%&%%%ﬂ%%ﬁég??ﬁf&ﬁ%t%%ﬂ%%{tg a@é@éﬁ#ﬁ%ﬁ(a&é dlts{;'(?sj d ]pﬁ 'tﬂ:eﬁ: 137 (not

illustra nter e€se poln

i nt er cogtivaat)i Ancaveeplatoitadteaciosdscing aps thiedd \ﬁlﬂﬂmﬁehecm détirectoe 12.ngher i or
capacitor plate 321 by a. spacing, or clearance 322. Sets of three contacts

248, 25eApagies A%re&ﬁwa ﬂgf’éropoaﬁ‘eém ? REVHSUPPRA0P maintadia thegksiut pepidAdGbY
syst em Iy o‘f&Qée%C@;IG%Cg ﬁ@g?&% G og*ﬁﬁ%gh?m%& da §c1¢o¥s o b §o<gc%9é<o%&%c tqp M€

pOV\BI’ de very s eml orm an revio consli er ed

in one asgagt éﬁSe ﬁlr&ﬁnﬂiﬁglﬂﬁeﬂ@m 6xothbbﬁaﬁtus¢aeduo& whi ch may be i nserted
into cover and socket nenbers alike. This_ Figure illustrates the exenplary
const r uct i onTh¢ camseiters A3 eted e@r@d witign gpent Whiueh ap alpts, oonshbes.dhat are
cantile ered or | l.ows ar m.p 360 r ent I

o ght | §EPFRAd BePoaRaBuRPERR Bl PR caitsler Plg A B e Rbec BB LBl e
i nger ceitvagiiorl Bapaetérs @§shoa¥in mGst Jn4a4s Ot ale hislizeFodaiudiive ivifedBidR et 1 &b
portion preferably has an inwardly a led contact surface 15 363 that is

used t ocesfieetian PUTROSSH AT dnp-tmetqapwm@r (e Ipprdento 4cgmpmrdagéheswf@daébl dke t wo

outer c¢ it l.at flan inner aci{

oi'ate nBSBhirtEy Py a4 et B R e et AR b s e RB PR sThr 1 ng
capaci t pRgEsPRUB WSt a lbtifq)rbﬁléraﬁaw spaek hafedt &TtE@sdéf(ettJEbﬁné&d} qmt] kgt om
plates. In other words, with this enbodinent, it is possible to increase

t he capdbé¢ babcleor(lam sidewalisct sypdvieadhetght sthes todpm p skight recgsscthiowillzont al 20
ORst T ubPBI S e SRR Hoh dce En Akl IR S S RGNS " pace
?X?L-' 23*8%%6?5%%‘1“‘?%g’rf‘%*e“"“c%%‘zi’?.“?%%t&%f%?é% T R e r oL, e
i n eithét0 arcPoeferablyr spaced-apamdromoeach ofreo arvundthegreri@etanod therrdesptacle as
illustrated, or they may be spaced in different spacings that correspond to location(s) of different
power contacts or terminals on thé 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 509 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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FIG 41 illustrates a power delivery systemincorporated within a cover
portion 112 that 25 fits over an IC 22 and the cover portion 112 has been
render ed woangpaeent for clarity to show how it engages thga/uStipeokage
around its perineter. FIG 43 illustrates the exterior of an assenbled IC

ackage_ with, the power deliver sjructur.e i ncorpor at t herein, wherein
P a0e a1 hnt oy b Sl anlgedia mlacerlbiraIR GV RE PHEIBR o1 e ke onhectty AR
nenmber | i i he 30
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body porti or nountin assenbly to"a circuit boar

f urt her chrtactmatinthe Boiom 258n I€ imsenad inngtheisédketodnaectat. Tletsopedadsuteamfshippl y
power to the decoupling capacitance 42. 74 WD,03/028420 PCT/ US02/ 30591
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decoupl I ng capa0|?ance ncor por at e rern. ustrated,” the socket
connect tpovter? terminads tveliighl hirarangeijuarpattern, siepg thadndaspassdsadyuraligrdfi on 400
that is fornmed froma plurality of sidewalls 401 that cogperatively define

a cent r &cosd.qselsTahly nuppev g erginals A aransed yithindBe inferiorioh ghe qonpepsor The
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capaci t asg-pover tefifind@B&350andyl incladdstGAf PGASBGaL, epriianitdctrand 403likeach of

whi ch may deliver the sane voltaﬂgtor_different vol tages to appropriate
cdft act s~ di spadarersaricn&ame 518 mayherprowdestws) partoftls packegeand thlemﬁgfla@@es

and seabo LS finthd Wl R 05IRle, AANOSEERG bl ENBRCI. GRBARE L7 403

receive elr'r power Troma power sup e circult board

406 by avédynrddatd e esp erdsloGtheAbirg leddrestioNthe mfid@iead 10aRaytbe froeigied 6k Slakeited
capacitors into the socket connector frees up space surrounding the IC 132

on t he wiithgetessdsSap dhatoacloserbe lopp£ails Hsandowhigh permeicthpmdel doflechindes Pahi ngs

410, such_as_slots..or~0peni-ngs, t r ' in t b }ONs on
the soc Betap R BEHRICHRRE P& TR YneoBies ELRRARESpiind. " h\ 193K 306
canvent hppade eﬁﬁPa&&hpé@arﬂspﬁﬂwm 16w cbdt @Sparf 8f ABoverd)i Galfrigtistrip 720 GANAAEDd ve
wire |l eads 411 for connection purposes or chip-type capacitors 505. In

order t foraed amakernate dirpetinms fioauihatshowntip erdep toaecoromoreta thd it of tholC. may
further .incl ud 412 f t her ei n whi ive the .|ead
o i P T FE DA thearpeh e met o6 St Wt heh 8 Ty Rle s e ° °°
(FIG 48 gbrt of BRerkiRWin® 6 }tﬁé@,ﬁn%ﬂ@@t‘!‘ﬁﬂe'iﬁwﬂ@&ﬂ%@ﬁo Raves & s Yr fRer AsttibA of Or M

a slight recess that will 20 accommbdate a heat transfer menber, such as a
heat si the 20Kkt cGimestor ppusing. connector may be fastened to the circuit board

wi.th fastene 415... (FIG 50.) The capacitpr-receiving opgni.ngs, 410 are
oK er abl v SERGet MBS PRIHoL EERTSIn S L RS BT REBRgS teffe
recept ag i, of |hd$44 8li6ich thfSughRRYs F0hers RAREE i the €bhfeRf0? BbdyP PRAEbAYS
that correspond to |ocation(s) of different
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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power contacts or termnals on the IC 25 FIGS. 51-54 illustrate another
enbodi nent of a power delivery system 500 constructed in accordance with
the princwolmw®eRot he present invention wherein the conne®carushi20ms i n the
form of a socket 501 which has a plurality of discrete openings 502 forned

in the side | s 504 ther eof, h receives a decqupling. .
capaci t ancewige SheCHifat l?lbii?ﬁcﬂ?eszfng El?epé@gﬁ%‘i‘?‘ftfﬂte B8y feaﬂef%ﬁ afr‘?lé’fp"%rﬁft%?%tf*%oﬁal ,
or |ead e t of
B S G L e R L
conf i guat orerpantvfche specificaddreorashownen emdonienfiguré map be nombided avitth aay fedtere or
opposite end 508 in free tails 509 the circuit

thr ﬁ be soldered to

boar d. hEaciFrIstic dgessibed yanyser pad oOf thespegHotion of shstimin anyseher prrt o thes ok et
cognect 4 in
plgce t é?%%ﬁhgg?ﬁﬁggﬁgnﬁgactu ?ﬂﬁﬁé soc égd%%ﬂ'g@%%gqgﬁga&%%%ﬂ?%gggends
507 t heofpdwerrdelibapisystémght witl hemmreztiayedsthattthaprebémmmhﬂldn ey ebeaiséd &iri ve

electrical _contact with the bottom of an IC inserted into the socket
connect §gnalfraaster W&bé@ VERIQUE FRpagifornlates b Pes $izshfoppptimum pergimace 506

provi des for e

i nduct ance oyﬁ%ﬁgﬂgggﬁgﬁgﬁéﬁ%ﬁg&?ﬁg%gwggg# &%%%ﬁg%%%gk%%Hhﬁl %g%§e¥3guas a
set of bé fFfarendto thoposiglled ihahidarnthlaschandidscid aiclifdatiangedy bé nade &ietdi‘ﬁ n, or
array that enconpasses a plurality of =~ second, preferably non-p

t dPm naMitheggleppriting diom thewsnirk of the Inyantien.dhe gsope REWBISH ivddlined by é‘&%ﬂ’ﬁ’é‘ie@ and
whi ch SgLye. 10 connect aspects of the ICto an underlying circuit board.
These nion-power term nals 550 may includes LGA, PGA, BGA, spring contacts
and the like. 10 An inner carrier frame 510 may be provided as part of the
package and this inner frame 510 sits wthin the socket connector
sidewalls to forma support for the IC. In order to accomobdate the | op
ends of the wire |leads 506, the frame 510 nmay be provided as illustrated
with recesses 515 that enclose the | oop ends 507 and which permt themto
defl ect under the insertion force of the I1C when inserted into the socket
connector opening. The wire | eads 506 15 nmay be easily stanped and forned
at |ow cost as part of an overall carrier strip 520 and nay be forned in
alternate directions fromthat shown in order to accommpdate the position
of the IC. The inner franme 510 and the sidewalls 504 may be forned
together as a single piece by way of insert or overnolding, so that, in
effect, the inner frane 510 serves as a base, or floor portion of the
socket connector housing. 20 FIG 58 illustrates another 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
sidewal I s 401
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surroundi ng the capacitor-receiving openings 410 may have excess nmateri al
added to themor may be configured in such a nmanner so as to facilitate

t he heat -wpakioegp20f t he capacitors 403 and 25 their | eads Pcr/wsoziarsot o hol d
themin place within the connector body portion. Alternatively, the

di screte,capacitors 403 may be conpletely encapsul ated within the sidewalls
401 by 'ng the openings 410 with additional materials, as at 440, or
by nol ding the capacitors and leads in place wthin the connector body
portion. Lastly, FIGS. 56 and 57 are underside perspective views of the
cover mbnber Ayswer delivene andthesyal meamg génhént sssembbyofor pupplying pOwenthiao integrated
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features and characteristics o the preferred enbodi ments of the présent
i nvention. Aogmbiaatiorre or characteristic described in any one part of the
speci fication or shown i one figure na Ee conmhi ned. wi th an?/ feature

an
or > characteristin deciErpbeaSy IR &R REANCHIRF POGf PATHEN Wil @niTigerateg gt
shown in anyre%%ﬂﬁ{g rg@JsE dﬁtoéeﬁ‘?hﬁe redbivillglshiRl iR bratd Uit tfé?éin,egﬁﬁi%k&gs
as T r delivery

al t hough the abov escription een witten 10 terns of powe

systens, it weiht deernajppedso ad dedenatat idast ppartemdt sand/mndgraed cirmyt thaemsed f or
si gnal transf%r wi.th the various capacitqr plates, being sized for optinmum
perf or mance WheRhF3ié POWEX GanBEQT 18 Matite dRifdnFSTatedcHEE AR BieAYe been

shown and de j bt I i t hat
changes and %ﬁoéér?ﬁg(g%ﬂlhos %1‘58' ér?ahr;e‘%gr b‘%&ﬁ@&ﬁ(}é{%&ﬁi%@& ta gi&%rg]glgsg\rvtte?ﬁ)gﬁﬁ omthe
saorit of thpowerirhitosf saidiatepengbcititwlyivedy ofsadahiepecedayrcui eoajuetne ed
clainms. 77 WD 03/028420 PCT/US02/30591 dC ains: 1. A power delivery and

t her mal nanalasmsm Plsdibnpf sonductive ierpiivalnextending from said Rowes gissived Inci r cui t

and di ssi pat | t t iy | LiCLL Al i on
t hereof, t heb&?or?[l @’S‘r“é? %&gxrg}grg{éptcﬂ %b%nggé% gaé;tg él’\slgéjtltefrr%%glg CQI?‘%‘%(%%;%{% her eon,
t he assenbl yirtegimed sirelgt conductbertiticesawhésaidpdrer bl tor Gamhigd tonsiid Altdgrsted
power connector body portion with an integrated circuit- receiving recess
di sposed t hef&EgHL, 13435 PPWERGONERIORAdY PoRtwfuEherdnelndiag an opeapseending d recess

b_eilsng_ di nensth%pgﬁ\%ﬁ@j ?Endt,o receive at |east a portion of said integrated

citcuit therein n’sard power connector is mated to said integrated

circurt, a power jhas&digigating member for contacting said integrated circuit, the heat
dissipating having a base portion that is received in said power connector body portion

opening.

2, The assembly of claim 1, wherein said power supply reservoir includes at least a pair of
spaced-apart capacitor plates supported by said connector body portion and said capacitor
plates each include respective openings that are aligned with said power connector body
portion, a portion of said heat-dissipating member base being received within said

5 capacitor plate openings.

3. The assembly 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
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integrated with said connector body portion for selectively discharging
power to said 10 power circuits of said integrated circuit by way of said

i nt egr at e@oai3esse conductive traces, a plurality of condaatise®3dser m nal s
extending fromsaid power reservoir in opposition to said integrated
circuit condyctive traces,. the termnals contacgting sajd integrated

i ruit conatieeryadhi BB SR S5 IR0 LD SR Bt 364a0 deinals

i nt egrated L Ji G L i i i an
opening. oxt erh ot BofliRpEhofRAAnaE: flasPRAIAE St and HEhFLerih poiad
contacti ng sportionsib&ng dispesed iwithin $aid pdweertveatectatirssspat i ng havi ng a base
portion that is received in said power connector body portion opening. 2.
The assenbly of claim1, wherein said power supply reservoir includes at

| east aqpair r W ; i ctor
body po?'ti onTgéléssgl%?%cg%%%’ﬁ %#g%&égapggﬁﬁﬁ%ggéﬁr{%%ﬂ}{ ?@fg?%gem gs

t hat are al i gpaed that ishfilkel witlpadieiecorwnnatetiiir body portion, a portion of said
heat - di ssi pati ng nmenber base being received within said 5 capacitor plate
openings. 3. The assenbly of claim2, wherein said pair of capacitor plates
i ncludeg fir ] SHLAET .G | : apart
vertica y, ' Le RRGmBBRE Yain(, SR <R RN Eh Rt AL S IdATh o 217 RTSR
surface ar eatcialscatidenidsseb@id capadiel plate ineludestasplotaiiay of seedndgerndinalangrid i n
distinct sets of first_and. second termpals, the first term nals extending
5 downwar dl yfifst apd sespad terinalsheing disnosedadiarent eseh prhst along gdges of said fisgnd
termnals exge%g‘g& Eﬁm?s WO 03/028420 PCT/ US02/ 30591 downwardly from said
fromsaid secon apacitor plates, said first and second termnals having
contact portions disposed at free ends thereof, the first and second

term nal contact portions being disposed within said {)QWE‘I‘ connect or

recess. 53. THhBe assemply §f cimed, Siufqep in g3 Hurd gapacitanplateripterposed afwgensaid
separ ated by i r i na. t i i d..w i i

ot or a4 e SEONEAEor IPREE ek Bhcchonnt sl ik M phEnyr
includes a p*;wea,l the Yhifdf caphéifdr pldt&@ Aotk igambpsaing abgeandtic sidfist ofd Hcahe
includes a plurality of second termnals, said irst and second termnals
bei ng di sposeabagiijradenopeness andiseid pawshecTBGefesbedy noatien epaning, apertionsd 5tid

pl ates. 5. Tge g)sseqbl% e%f 4 I.gisrgldi i({éjartglgor %angcl)uedgnn a third capacitor
plate interp LEP B RER A # lgf ARS8 d%é’p itor plates and spaced
apart fromsaid first and second capacitor

6. The assembly of claim 5, wherein a first intervening space is defined between said first
capacitor plate and said third capacitor plate and a second intervening space is defined
between said second capacitor plate and said third capacitor plate, said first and second

intervening spaces being filled with a dielectric material.

7. The assembly of claim 1, wherein said power connector body portion opening is non-
circular.

8. The assembly of claim 2, wherein said capacitor plate openings are circular.

9. The assembly of claim 1, wherein said power connector body portion opening extends

through to said integrated circuit when said power connector is mated to said integrated
circuit so that said heat-dissipating member directly contacts a surface of said integrated

circuit.
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pl ates, the third capacitor plates al so having an opening aligned with said
first and second capacitor plate openings and said power connector body
portion owersigg42@ portion of said 5 base being received wctrhiso2/3@bd t hird
capaci tor plate opening. 6. The assenbly of claim5, wherein a first

i ntervenj ng ace | defined hetween said first aci tor plate & d said
third chbaci T8 asspmbly ofilm s an}cmdél}%ﬁ?aﬁ@prgqﬁ%&@t?rgwéfhe RR&ER

sai d second t f nd
second i nt eramaniet Bbadhéh MitaRPinfcarithd rRRATSR fRbte Sonrb Bl Sl
assenbly of sdidinregrateivbizeidi, said poorepommectonbuiygiootionbapetyiingaExtandimgdimenghe i s
non- circular. 8. The assenbly of claimz2, wherejn said capaC|tor pl ate
openi ngs ar esaf peasispieadey suchhibatsaidchast- lsﬁpat&gdpﬁﬁdier CRAFSSAd st FPESHET
connector body portion opening extends through to said integrated circuit
when said power connector is mated to said integrated circuit so that said
heat - di $5i paTh&gssemblyast cthimelG ihhgretio s dhéas-dissipatifigmembtr ineliudes afiegiddicad
circuit. 79 WD 03/028420 PCT/ US02/ 30591 10. The assenbly of claim1

further inclﬁékﬂg a heat spreader interposed between said power connector
body portion and said integrated circuit when said power connector is mated
to said integrated circuit, said power connector body portion opening

ext endi g t hThe gdieinbly faiddmhiaaivhereirthd éhnediodat sihkhasaneh-bieailardioafgyratiomng
menber contacts said heat spreader. 11. The assenbly of claim1, wherein
sai d heat-di ssipating nmenber includes a finned heat sink. 12. The assenbly
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13. The dsse wherein s Feservolr

at least a pgbarcedlﬁparﬁ@@@ﬁd)rﬂwéstsuﬁwlHy@aldﬁo@hﬁﬁorﬂwldp(pbhﬁdl dayl pddiiet
connect or pOI‘tI on and power connect or bod% pOI‘tI on openi ng
comuni cat es cwrteﬁtoabodyexmlmbmenmg @mmuraaqﬁgﬁcw l lsatsap%ogwd ¢aRagitos plajes so

heat - di ssi pa r e in
R e R e B e
reservoir ingpaigs a plurality of individual capacitors nDunted in sald

power connector body portion around said recess and said opening. 14. The

assenbly of claim2, wherein said first and second capacitor plates are

ggir)]te ggte ?%VI th Elg%l%eﬁ%ﬁpgorgfrc;a?%gf%v %%eh%3 gacljé{ pgv%rtslugf)]ly%gs%rvaolre 1n%:1uaelzjs| A Ighelrdahw S
individual capacitors mounted in said power connector body portion around said recess

and said opening.

14. The assembly of claim 2, wherein said first and second capacitor plates are embedded in
said power connector body portion and are insulated from contact with said integrated

circuit when said power connector is mated to said integrated circuit.

15.  The assembly of claim 1, wherein said power connector body portion defines a cover

member that fits over said integrated circuit.
16.  The assembly of claim 1, wherein said power connector body portion defines a socket

member that is mountable to a circuit board and said recess supports said integrated

circuit therein,
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circuit when said power connector is mated to said integrated circuit. 15.

The assenbly of claim1l, wherein said power connector body portion defines

a cover wenbeesshat fits over said integrated circuit. l@cTiise2as9enbly of

claim1l1, wherein said power connector body portion defines a socket nenber
table to circguit board and said_recess, supports said

that is un
ntegratd iR {ronsler it feaAEP SR ST FREFPUIYAI ST OBy S PR Bover
transfer and : b : i .
Suppl y o an* e A BHERREE cRRC L) L KRR PR AW RBIBE o1
power and nopewgirenitein chodyportiorathlredf) thpdiCt bagly pohtemeiatindinge ph@abtydyf
portion including.a plurality o con i rtions disposed theregg

ng,

ucfive p
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a heat-dissipating member attachable to said body portion, a portion of the heat-
dissipating member extending into said recess into proximity to said IC for conveying

heat generated by said IC during operation thereof away from said IC.

18.  The assembly of claim 17, wherein said heat-dissipating member includes a plurality of

heat-conducting fins.

19.  The assembly of claim 17, wherein said heat-dissipating member has a non-circular

configuration.

20.  The assembly of claim 17, further including a heat spreader interposed between said

integrated circuit and a base of said heat-dissipating member.

21.  The assembly of claim 17, wherein said power reservoir includes a plurality of discrete
capacitors supported by said body portion and which selectively discharge power to said

IC..
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21. The assenbly of claim 17, wherein said power reservoir includes a
plurality of discrete capacitors supported by said body portion and which
sel ect i vewy odiogsib@ar ge power to said 1C . 81 WO 03/ 028420 PeCTI/088HB0591
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15 supplies on the circuit board in proximity to said IC;

a plurality of conductive power terminals supported by said cover member and
connected to said decoupling capacitance, the power terminals extending from said cover
member into contact with said IC conductive portions when said cover member is placed
over said IC; and,

20 a heat-dissipating member for dissipating heat generated by said IC during
operation thereof through said cover member and away from said IC, a portion of the

heat-dissipating member being received within a recess disposed in said cover member.
24.  The power decoupling assembly of claim 23, wherein said decoupling capacitance

includes a pair of spaced apart conductive capacitor plates, each of said capacitor plates

including an opening that receives a portion of said heat-dissipating member therein.
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82 WD 03/028420 PCT/ US02/ 30591 25. The power decoupling assenbly of claim
24, wherein said decoupling capacitance includes a pair of spaced-apart
capaci t orwplmatesi20 one of said capacitor plates being accesgitsz3esal said
recess, whereby said heat-dissipating nenber extends into contact

herew th. . . L . .
therew 5? . 8’Piihe power decoupling assembly of claim 24, wherein said decoupling capacitance
includes a pair of spaced-apart capacitor plates, one of said capacitor plates being
accessible in said recess, whereby said heat-dissipating member extends into contact

therewith.
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