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new t r ahsi Semieondyetornlechpologe switches controlling the flow of el ectrons
Consumers demand innovative electronic products that have more functionality, better

performance, smaller size, less weight, better reliability, lower cost and faster time-to-market.

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

Historically, the number of transistors that the electronic industry can place on a

20 semiconductor chip doubles about every eighteen months. This rapid development cycle permits
fast delivery of the new innovative products to the market. For example, semiconductor
manufacturers took nearly thirty years to perfect microprocessor clock rates to run at 1 GHz, yet
manufacturers recently reached the 2 GHz microprocessor clock rate less than eighteen months
after reaching 1 GHz. Manufacturers anticipate that there are no fundamental barriers to

25 exfending the rapid advancement of semiconductor technology for another decade by building
the even faster silicon transistors. These transistors are anticipated to be around 20 nanometers
(nm) in size and should permit the manufacturers to build microprocessors containing a billion

transistors which run at speeds approaching 20 GHz and operate at less than one volt within the
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20 design. Printed circuit board (PCB) designers attempt to create the ideal power delivery supply

with conventional power and ground planes in the PCB and with wide, heavy traces on the PCB
to distribute the power among the devices on the PCB. High frequency ceramic capacitors
control high frequency noise, created by switching the transistors on and off, by shorting the high
frequency noise to ground. Lower frequency bulk capacitors (such as tantalum capacitors)

25 subsequently recharged the high frequency ceramic capacitors. Various rules of thumb exist for
determining the amount of each type of capacitance that is required for various ICs.

To electrically model this power delivery system, considerations include the inductance

and resistance of cables, connectors, PCB, pins, contacts and components, such as resistors and
capacitors, of the receiving device(s) and power source(s). In the past, voltage drops due to

30 inductance (V = L di/dt) and resistance (V = IR) have been nearly negligible relative to the
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having a power supply voltage of 1.65 volts requires a supply current of 33 amps (55/1.65), and

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

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

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

needed low voltage, high current power, are located as close as possible on the motherboard to
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20 An alternative power system approach bypasses the motherboard and the microprocessor

socket. In this approach, the interposer board carries the microprocessor die and the voltage
regulator. Current flows from the voltage regulator to the microprocessor over a path starting
from the voltage regulator, through the voltage regulator socket, the interposer board, the
microprocessor package, and ending with the die. Since this approach bypasses the motherboard
25 and the interposer socket, the path of current flow is shorter. Therefore, this approach improves
the impedance and the resulting voltage drop of the relatively shorter path.
Someday it may be possible to integrate the voltage regulator into the microprocessor
package, making the path of current flow very short, reducing the impedance and resulting
voltage drop. However, semiconductor technology has not advanced far enough to provide this

30 level of an integrated system.
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20 commect power sources to the power leads of the microprocessor. The amount of decoupling
capacitance needed depends on the power requirement of the microprocessor. The
microprocessor is able to draw its required surge current from the power stored in the decoupling
capacitors, and hence, the decoupling capacitors stabilize the power delivery system by storing
power local to the microprocessor in order to meet the surge current needs of the
25 microprocessor. However, use of discrete, broad-mounted decoupling capacitors not only
increase the cost of the power delivery system, but also consume additional area on the IC or the
circuit board, or elsewhere.
As the power requirement of microprocessor increases, the need for more decoupling
capacitance increases, which in turn requires larger value or size decoupling capacitors and more
30 space to accommodate them. Unfortunately, larger value or size decoupling capacitors consume

more area on the circuit board.
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power and signal pins should be isolated from each other to prevent crosstalk and noise.

Hence, there is a need for a power delivery system that delivers low voltage, narrow

voltage margin, high current, and high transient current to a high performance integrated circuit,

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

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

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

switching speed of microprocessor transistors was so slow that digital signals actually resembled
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20 operating frequency of the microprocessor and the signal integrity of the system.

Hence, there is a need for a system that permits the operating frequency of the
microprocessor to increase without degrading the integrity of the signal. Such a system would
maximize the performance and minimize the cost of interconnection technology used in high-

speed digital signal designs.

25
IV. Integrated Circuit Package Design
Advances in semiconductor technology provide microprocessors that have higher
performance and are smaller in size, which directly affects the design of the microprocessor
package. Factors related to microprocessor package design include: current per contact and per
30 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,
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contact height, the signal bandw dth, the sem conductor die size, and

ot her facwores/03loacr easi ng the nunber and power of transi strargSOn3dshe

m croprocessor typically increases current per contact and socket as well
as increases the nunber of ground and power pins. 5 Increasing the
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heat densi in certajn areas of th croprocessor, di e. ration
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t echnol ' essor is exponentially dependent
on the R%%g rg?%ﬁsﬁﬁd‘%ge@a%%}@g%fp%géegﬁ%ﬁunct| on, which depends on the
power consuned by the transistor having the die junction. 25 Thernal

managenent of the mcroprocessor is related to thermal nanagenent of the
voI tagewm efficiency of the voltage regul ator and the
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n
ni cr opr Seeselonarggementtode ivea higher pEerifyin prckege desigmionainiain W@fﬂ?ﬂﬂy of the

reliabili té Therefore, an engineering tradeoff exists between |ocating
t he vol fiﬁ ‘regul at or near the mcroprocessor to mnimze inpedance and the
8 For microprocessors, higher performance, increased level of integration, and

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

25 Thermal management of the microprocessor is related to thermal management of the
voltage regulator. Both the efficiency of the voltage regulator and the power consumed by the
processor must be considered together. For example, a voltage regulator operating at 85 percent
efficiency and which drives a microprocessor consuming 120 watts of power, dissipates about 18
watts of power. This power must be drawn away from the voltage regulator and microprocessor

30 to cool the devices in order to maintain their reliability. Therefore, an engineering tradeoff exists

between locating the voltage regulator near the microprocessor to minimize impedance and the
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and | ocating the voltage regulator far fromthe mcroprocessor to mnimze
t he heat werenatoson and heat density. Hence, there is a need/ufsor/3@9r her mal
managenment sol ution that permits a high power mcroprocessor to be |ocated
near voltage regulator to mnimze the_ inpedance and resultln 5 voltage
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waves m&aﬂmﬂﬂgvelengths that are inversely proportional to the frequency of
the signal (i.e., the higher the 15 frequency, the shorter the wavel ength).
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EM . However, large holes in the shield permt EM to escape through the
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englneerl exists 1n sfzin € holes inthe shield to for
cool i ng querﬁb/lmmntthatrramms Ghz;rapdbeﬁlonEes&'bgna;lmgelhaﬂaterW]b\ea\Ies&\athed at the

m croprocessor or. chassis | evel, or opr ocessor es the
high fr @tﬁyémgt B iakaie IBVEFY M@Ot’tw&@ E%@ewcy %ﬁtﬁl Rignal Qsae athe&e;é] ﬁ@

S | d o] may effectively contain the harnonic
S|hfgs‘r31al S(Hh & th%gg%lﬂ%rgféggl%{?&ﬁ?@l\/l Local i zed cont ai nnment prevents the EM
frominter f ernypg:amtﬁcmdheﬂivecshuewbt ¢over isrusedid catpLEM. $hs tideid ibgjﬂouhdedaﬂoso
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generating the EMI. However, large holes in the shield permit EMI to escape through the shield,

20 and thus the shield holes must be sized so that the EMI does not escape, but airflow is not
restricted to cool the device. High frequency signals require smaller holes in the shield for EMI
containment, but the smaller holes restrict the airflow available for cooling. Hence, an
engineering tradeoff exists in sizing the holes in the shield to for cooling and EMI containment
purposes. |

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

30 heat. Alternatively, the chassis of the computer system may be used as the shield which

improves the airflow around the microprocessor but permits EMI to interfere with other circuits
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requires small holes in the chassis for EM bl ockage, but reduces airflow.
G oundi ngwe oa@atossi nk t hat | ocated near the m croprocessorcrasansisber way
to reduce EM. However, EM fromthe m croprocessor that couples with the
heat sink may cause the heat 5 sink to act as an _antenna and radjate the
EM . | tinithe systdri.c Al chassis lgvelusabition seqwirgs swpihkoleninghe ghaspis forEMF Blockrass by
package, .and although groundi ng the heat sink may reduce EM, this solution
al one mEUSESAIOYs uf fi ci ent to pass required FOC emission tests. Additional
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obj ect e present i's to provide a system and apparatus for 20
prigvi di fg ggsiemr. to an integrated circuit by utilizing one or nore

capacitors that are supported b a cover or sim|ar_nmenber that engages

t he integrat &¢SENWaLy, fystons (fﬁjattqugtp H?B‘jeééghvﬁy SHad aé)g@ﬁtpaplgaggﬁ[eﬁgﬂ, tﬂ%ﬂ%‘i
provi de t.or j ' nd; j ' LR Ht8dreRd dirB@ner
transf ern?arr%%gé?nlg&?’n 61 G?E%Er OE'%&{;&%}E‘ H{eﬁ’gﬁg%en@é\@gﬁwsﬁd%gﬁ?i s prefer gbl y
capabl e affnezaaioysupgord Guere dnd ctrftentiadt agemtrd irsentoontduefooteghtidlegisi des or top

of the 25 integrated circuit which results in a reduction of the nunber of
conductive pins (leads) needed for the integrated circuit which, in turn,

reduces §t he forcteﬁﬁgué rt%g to insert and renove the integrated circuit
from t he® ) es up additional pins for use in signal
transni ssi on AdcBrdamiely.fit R ddheral bjegrotitiechreschtinvéntionad peovidearingirpexctposfer t he

present invention is to provide a power delivery nmepber in the 30 form of

ei t her aebvukeysten and eprasatus fut oygieqnIRshe afops pped/disgdvantagesn dgWeeingor

formed therejn, . the capacitors includi hat

are sep QP&’FEJ[? an, %ﬁﬁggﬁ%(ﬂag‘t%te 1tlbc§}1t 8001159&%%@5 amSARE of YRAcIBh fle ot BBard!
Another object of the present invention is to provide a system and apparatus for

20 providing power to an integrated circuit by utilizing one or more capacitors that are supported by
a cover or similar member that engages the integrated circuit.

A further object of the present invention is to provide a connector for an integrated
circuit which incorporates a power transfer means into the body of the connector, and which is
preferably capable of supplying power to the integrated circuit along the sides or top of the

25 integrated circuit which results in a reduction of the number of conductive pins (leads) needed
for the integrated circuit which, in turn, reduces the force required to insert and remove the
integrated circuit from the connector, and frees up additional pins for use in signal transmission
to and from the integrated circuit.

Yet another object of the present invention is to provide a power delivery member in the

30 form of either a socket or a cover that includes a plurality of planar capacitors formed therein,

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

10



WO 03/ 037054 PCT/ US02/ 30592 dielectric material, preferably in the form of
a film the capacitors being further separated from each other with the
power delwoasy3mesber, whereby the capacitors supply a pl ecanisoy3osh2
different voltages to distinct areas of the integrated circuit. A further
obj ect of the prese{‘n invention is tqQ provide a power delivery nmenber that

5f| nt gg Aplestriomategal, pisferablydn do fgrm of p difg; the amcmsmmgrfeﬂheéepaa dioa ity
of i ndi v Ut eSRm ﬁféh?\ev% H@hxﬁeﬁgﬂl %Exg?}si‘lglgegggﬁé JapHel{o&) ghﬁ.glgf?fm an

integrated circult eads el ng aund om or

si des oflifférentivioliggysad dibtinttraetistof ths ihteptaledrciobitect of the pr esent invention
is to provide a rocessor package that takes up |ess space on a circuit
board and whife ebjptof ﬂeqgrewpabwvaﬁloﬁaﬁt%prews|a|m@fef acliverem@mppr thalads 10

on a CI gte£’8ﬁlé§ ]tn%w) ag@&%&?%% %ﬂfﬁﬂ&d&ﬁ %cﬂﬂfé?h ﬂ? of Elﬁﬂ\ﬂhﬁ(a[q%o# 2Phing a

i nt egra CI rcul ousi ng naving a tric

wal | of athethBpeigémbtheteioniolenpnd lbadstoneh ilRytankd oarcuﬂalthé &t lyelﬂg dispodedct
pads formed on an inner surface thereof to which are term nated, |eads of

thg |P@E§F‘1nétﬂ@fdt0mb@moﬂlﬁ‘i§ Qflﬂeqlétqgfﬂt@d?ﬂcé\lﬁe separ ating the inner cont a]et
Phe ciroult BoaretonetB e ian! wdBfadlt ROROF R Hutits R BAStaRE ARt B B o

W th condsgspReéhntifkanbagld adahithdddd BotielEiion gmm doRp i Hfte GahAeAdsl Ve
coupling therebetween to effect signal transfer fromt he integrated circuit

t ol he omacmncmt boanddthetpackagh dapdicing & bousing thhfa'@cmgesathe Ingegzated pigcuitiharsonor
t he ca aci I’OVI d| t.he.

t th t
Pt bor ol ARG ined diPEOGR Sl TR R o R OBt e R e B S e
provi de 8%@1&%@ Bbaac Iﬁap ARl dn thh Fner 4@ 148 RRFEI LY RinYchPir QW@ RO RAs bOha
m croprocessor and whi ch i ncorporates means for dissipating heat gener at ed

by the mitegrefdatresisahe distdctriy pigte separamg tﬁmmmmpads\ﬁﬁmha msmgofmml i shes
t hese and ot her, Qbj ect,s by neans of .its u ovel str The
ey ePHOEpls JRberH o AHBD RS Siffack R R cHEm: Prar e tier Rotia PR

v age

i e OF dotsing B Blighed Tl bétre MR GO bR ﬁgﬁE*f%%‘u'%fat%ﬁbﬁéE?SE Sﬁf‘;&ﬁﬁf"e
decoupl lcngplﬁfgothmebmm afﬁfeeamgndlmxamfeﬂfmm the mtepneted crcuitt thdhe @rngadesrd, e

| C. The connectqor may take the form of a cove socket,. or a.franme t

at
engages th@ng &urther Ba‘ﬁﬁ& Alleast gne chéuggi%’feéﬁfl%h%m%ap%% Prqvidippa SB?PquDr e
si des of ‘Iltgt dh8e %%&F%m[l{my i nclude a signal transfer systemthat
gnal s ?rom%r

couples 0O arenmote circuit, 30 located in the
connect or, orstillmotter objett dfahe pressnt wtvientiorn iseo pﬁvnde d sysiatreahd apparatustlatduct or
OrZOa P%Ep;cgt?\?e?y 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
novel structure.
The power delivery system of the present invention includes a power supply, a voltage
25 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
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,

30 located in the connector, on the circuit board on which the IC is located, via a conductor or a

PCB trace.

11



11 WO 03/037054 PCT/ US02/ 30592 The package design system of the present
invention permts signals and/or power to be coupled to one or nore
surfaces wo ols705£ utilizing connections that are outsi depcfriussh3osnt h,
recessed or inside the sem conductor package. This package design system
preferably permts the transferred signals to have different frequencies,
such as hi gh Thagackege flesiguerstaneof ihie presentdifenéipe permijgrégnals andqgpawer to be

i nterfaces ch as _conductive, ,C i.tive, inductiVv optica .

{anom St he R AR S ok B BT A o RS P ers PRISRS sh withy o 4

t her mal ¢RERABIRRIAABH SthichRiviciot pHelfa®UThis pHSa@BBedifn Wit pRiddgsY peinfiks and
a fan may be attached to the connector in a manner such that the heat sink

makes c thet tzanisfemietl lsignalsdahayvpediéiersnt figqusneita sechpds tigleandJosioireduancips withy

di ssi pate..both 10 heat geperated by the |1 C and the power.delivery system
e ud HGRERS s el SR g RS S R o Sren R o pRBh! hvent ] on
furt her yaRMWMEibh 1id8 afdwEMesgont rol system that is formed as part of the
connector to shield EM radiated by the IC. Al of these systens

advant ageous [The pessenttinvéntionelseednientpéatesontheinal dems gernend aspeetiiodtsdracibuc ui t
board real estate and | C.pac vol une, and 15 i nproved product

ant acEURRG TCh SNSRI Y1 £ oHEG B fiagdp i BERUSt InpeiELsughhat
advant ages, of si%j?ﬁ;[aﬁgse?cgﬁct RS YdaP Iré‘fealctiilné REresdeSRMhYIC W@t}[i%hﬁ?‘ais{‘si%&%%qa

consi deration ow ng det escription. Brief DeScription
Thi® Dr alemggnd@iedbyttheIC and the pofvet Belbedetyaiche dndieding thetvioltage tepelatoe exdakec e
will be frequently made to the attached drawings in which: FIG 1 is a
functi o&%d BEWEk di agram of the broadest aspect of the present invention

illustratin i atd i . j an
i nt egrated gi#hg %ﬁ@ﬁﬁﬁz@doﬁﬁu@ﬂear%dgﬁzg%%}\?éﬁ;hﬁ?’gs r a%ﬁg a%tl %@ﬁgg‘g{‘ﬁ%{ (gkf :
FI G 1; tRbcdnheetostol shisdd EdMI radibied biynige K}t Al oéthHevesyistnatddomstagconsigpetmivf t he

system aspects of FIG 2 and listing alterpative connections between the
syst em argyeased intrpamectidensitiss, raduced pirgyitboard rabestata grdiHmarckass Yawaeond he

i grated circui f t%%% . . illustrating increasing Levels 0,
1n1t5§ 3llgﬁﬁ)vﬁd8f°(1ltuﬁ %16@1 |on?&?%d§rﬁgc |h§’él y and the package design system
aspects of t hghepd afedther dHON, if@MiresSghdladlvantages of the present invention will be clearly

understood through a consideration of the following detailed description.

Brief Description Of The Drawings

20 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;
FIG. 2 is a detailed block diagram of the systems of FIG. 1;
25 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
package design system aspects of the present invention;

30
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WO 03/ 037054 PCT/US02/30592 FIG 5 is a diagrammatic view of the integrated
circuit of FIGS. 4A-4E illustrating the IC package design power and signal
connect i owe osf3mscor dance with the principles of the preseat/uSonswesnt i on;
FIG 6Ais the same viewas FIG 5, but illustrating high and | ow frequency
signal 5 interfaces coupled to different sides of the IC, FIG 6B is the

sane vi ew asFEPQ ism dipgremmatig gievaef the isegrated ket oisHIGSa AHHAE Blastraimedhe 1C
| f igpal i f whi ch . i f
(Lo ARt AR o RS ASA UL EBER AP e R i O bl

i Il ustralvengordi fferent first and second signal type interfaces coupled to
different sides of the integrated circuit; 10 FIG 7B is the sanme view as

FIG 5, but FIGuA isthe sgmelvieieasdii(s. £ bus illusiratingleigh @nd lgyefrequeney gjemgl
interfaces.interface coupled.to the sanme side of the integrated circuit;

FI 6s. BKIEGI%FS %?flpi toéﬁ#%ﬁgtsd’iﬁeéd)&mm cross-sectional views of the
integrated @i@CaB is BF s&ith&Piewds AGH5 Dut ilkstalidgdpdiR® e (SigHNald seBsHdlowpower

connections located outside, flush wth, recessed or inside the
sem condeguency srnkbigterfats Wwhicksaregaupledtathg sage aide of thegnigeratadicercuitews of t he

integrated ci 1t,. as shown in 5.and 8A-8 ildustrating the

: oca’? i ons of ﬂﬁg% ‘éiléﬂ?ﬂ Saﬁ??d?%"l? a%gg(\%g%ml&ri}fm&ﬁ dffﬁegeﬁtrtjgépa@étsf“{?ggts%?l B8Pt om
and/ or - ghidege@toldI&l totifBcAt §8bsUrildintoprdiddSrcuk0A 10B and 10C illustrate a
plan view of the integrated circuit, as showmn in FIGS. 8A 8B, 8C or 8D,

al® FI G 5, BiGi M isilprainecoew acFES. dntitatlugmhieg differerddirst andeetond type athe 20

top, side and/or bottomof the integrated ciprcuit representing the package
desi gn &\zapldpicriacesc uieriacs cauripd 19 ﬁga%?%a%f)#@aﬂgﬁ%@ﬁﬁ&ﬁ% of the present

| nvention. F i SROST IRt AdrarhBM A LRt h A Wikks dihe infdoRaedt ed
circuit of F:ngégl‘%’n%g’fgggat edjl I'n aé%connect c())r; IgllG liASi S a diagrammtic
el evat i ofralit ¥ EMFRHUC 21 3, iilesgatinethe sighalLind/ovfpowkeGonhictions ddcattd oRfsiden flash
connector._formed as_ a. cover of the integrated circuit; FIG 12Bis a

di agr améth tecessed 8t insitlelthe seamiconducoEPAckAgGr ated circuit of FIG 11 |ocated
' connect %ﬁg& 0§ ATESH g:@d %é?eg@%rfaﬁ]ﬂﬁ{tic LRGSR ofEide E@@@@Hg%ﬁ{ 39 sidwif i t

FI 12C is a dragranmati c onal view of t ntegratéd circuit of

FI G 11ridsas el 8ARRD ilastradag e 1bcatiorslofthe sightlame/or patver @nedcvers tiiche
integrated circuit; 30 FIG 13 is _a diagrammtjc el evational view of the
i nt egr atrestieetiviedop.tbogpmmnd/or pides gfifiedefegdted£itedifnt e circuit located in a

connector or fafgd (?A,rfdﬂ IndRR Hustrate 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 WO 03/037054 PCT/US02/30592 FIG 14 is a diagrammatic el evational view
of the integrated circuit of FIG 13 that is coupled together in a stacked
arrangenewn;03l818s54 15 i s a diagrammati c el evati onal vi ew ofPcrhsoz/atseyr 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®G. 1Fia dipgrammaticailexgtiongteiave okthe iegrated cirgyibgf 1. L dhat is

i nt egrat ed ﬁi rcui t .and rﬁfﬁte Ci rcLEjt of FIGS 13 or 14, with each circuit

i ncl udi RYPEIVRsEIF & # 8GOS B and a decoupling capacitance; FIG 17

is a di agranpmf ii6 i£h SMatdndhaic dérNioRd] videof tht egeghrd chtuiCaid reidtt dituuittof
circuit of 10 FIGS 13 or 14, with each circuit 1ncluding a voltage

regul atBIGSTtiod &4, anith edel sughl dineyit incdysting 2 Heltageregvdategmedule avd decgrplingar d;
FI %D 18 is .a di g}gragmti c elevational view of the integrated circuit and
r efrot e CPPEIRNES ICACEEE LSO 4 with each circuit including a vol t age
regul at or ol § 6! ACAliSdaBhafc SRIMHADTiewaTthAnREAUPYG BARERTE RAGEL of
| ocated in a connector; 15 FIG 19 is a diagrammatic elevational. view of
t he i ntEgFStRor b4, mdth dachitcuitimoluding awlage eigulapir@®dude and adecovipling each
circuit including a voltage regulator nodule |ocated on a circuit board
and a d¥®8EIFICeg capacitance located in a connector; FIG 20 is a
di-agrammat i Cpet qwalion afﬁhﬁ‘gc@{evﬁtfﬁﬁlal Ple@Urah SRl dtedibitcufank rémotd kive@irBf ned
wi th a thernal ‘nanagenent and el ectronmagnetic interference (EM) control
syet em FRES B & 14 dvitiseagh cirosis i bdirigomed]tage saguboranddeindidesogmBimge onduct or
package constructed in accqordance with the principles of the present
i nventiQﬁ@aW%nﬁeMaﬁéroF%Plr%?ﬁ’%ductor die and capacitive type signal
interface, V\ﬁ(? 1ROVES di?é%k&a?ig eie%aﬁ(lﬁﬁl §fe@eofgf16 At€d cifdu§t and ZerthSteRircuit of
cross-sectional’ view of“a Level Two sem conductor package constructed in
accor dapges ™ bh 14, keitpedcheiphie ichiding evqitags espuldtorvaodileocaied bn a cohdyspad
sem conductor die and 25 utilizing a capacitive type signal interface and
power sawbi ileadupling eppagifanse kcaleddn f AOEYF®Eed circuit; FIG 23 is a
cr.Qss-sectio i ew of I . Lb R a hiak.i r
atlsac hed t he?g(tl}'ol?g B 1a§1't£g1?%at1§ e@@?’%ﬁ@gdgg%& @ﬁg? 111?/«?%%\/‘43%?1 I%I{Iﬁ@gfﬁ%%lﬁﬁ%?
sem Congugs @8 oP a4 KAie cavhtdivcaid ineRrdighd volBge segulaendodiieocdied on aapauit bbard
type of signal interface and with power supplied fromthe

and a decoupling capacitance located in a connector;

FIG. 20 is a diagrammatic elevational view of the integrated circuit of FIG. 11combined
with a thermal management and electromagnetic interference (EMI) control system;

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



sidewal I s of the package; 14 WD 03/037054 PCT/ US02/30592 FIG 25 is a
cross-sectional view of a of a Level Two sem conductor package of the
present iwoeawsms with a flipped sem conductor die, capaciPCTuEs02/§5e2 of
signal interface and power contacts on the top of the package; FIG 26 is a
cross-sectional view of a Level One sem conductor package with a flipped 5
seni conduct oFIGIR8 js ¢ apvazsactivral tWgyeobs oka hewsl Tivetsemicondudpiipaskigerofdbat act s

on the top of the integrated circuit: FIG 27.]| ' ' of
he. i nergheat ettt & dimmef aemispeicior die Fopfs ol Bf B RAGLEARY pip e
suppor t$,,bet rbrpthgwh'& gregpaci tance and heat sink, simlar to that shown
in Fl C%n 1ZSB and 19; 10BFI Géep28 is a perspective view of an I C assenbly

i ncor por at i nELGs PStieasross-sectienarvesyve nf a Level Eneisomicongugtor packagervath adippefevel
two sem cqnduct or package. carried, i nll.a connector that is Eﬁ)rtrred ﬁl% a cover
andl a swEReAndpar disyeanafifive ypgod Sigphl RgTAS I ROSYRE SomAGS AR I 1 RETCF G 29
is an e view of the systemassenbly of FIG 29; FIG 30 is a
cross-slégég?%ﬁg‘f%\}lﬁéw of the assenbly of FIG 28, taken along Iines 30-30

15 ther eof ; FIGE2734aicmsasations-sew bf theahtegiated cpfuid nf BIG.@6nearded iy p epgket
assenbly constructed in ccordance with the i nciples.of the present

i nvent i Mﬁeﬁpﬁha@lppgﬁ%bﬂg@éiﬁ%@mh% Cé@'gg?ﬂﬂe)?ngﬁlg%s =§Hﬂﬁ‘ﬁé°rttﬁ%‘n%88?’ﬂﬂ nt of
a power i4aer nber of the present invention, taken fromthe underside
and illﬂgﬁ'éélﬁn%ldalg?al ternate neans of 20 supplying power to the capacitor

stipuct ur e t hEI@oR;is sPedtive view ofarf I aseeinbly incorporeting systesmmif terplasnbr
package as shown in FIG 4C, FIG 33 is_a is a perspective view of another

syst em mysatia, {hat thfermedesh \greltiva spiropdyaler pagkage caiiieddn 8 oA M2t hown i n
FIG 4C. and having an_ex L r supply; 25
R X o e L e
assenbly uti F[@ings aa egHBaA& 6% ofehiesysidal dsvanhlyof FIGIa e of the present
invention in place upon a chip package and having a nmeans for.

comuni cat i n§IGi30is & chesatsegijonrt vigy Gf%??sﬁf‘énl?iy §§E¥(1902r$a{£i9? alpng iiR%srfs%?% ng
Iiges 34-34 of FIG 34, FIG 36 is a perspective view, taken fromthe
urlder si 5% an al ternate embodi ment of a

FIG. 31 is a cross-sectional view of an alternate system assembly constructed in
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 utilizing
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



30 capacitor structure used in the power delivery systens of the present

i nvention and useful for supplying different |evels of power to an IC, 15
WO 03/ 037B43PBEMs4JS02/ 30592 FIG 37 is the same view as PC®&USBH305but taken
froma different angle and with its housing renoved for clarity; FIG 38
is a sectional view of the capacitor structure of FIG 37, taken along

| i nes 38- 38 Flithéfdnfle sbmbiviaw 30FIG 34, prirtakcalfroomad diffesent anglanod wéth inbodi ment
of a capacjtor structure constructed in accordance with the principles of
the pr e]%‘éﬁ’cngirﬁl@)l@ﬁ?‘r%ﬁc havi ng staggered power |eads extending
therefrom Fﬂ:dx%. 380s b ge&fanarui@w%e&%&%p bMure QF RiC. 37, B bloAg GAEISS-39f
anot her enbodi nent of a power delivery structure constructed 1 n accordance
wi t h t héegof;nci pl es of the present invention 10 and illustrating the use

f t han_t it lates; FIG 41 i ti i f

debi very monBlg. i Emeris) sxbHEY absastbr DOt o SRR S B NGHOSH: oo
defi very menfKt. s phaip e f i .

endvi ot 1R OE AR AR b SRR G o ARV AE safperelbEvetleads ="

connect giterfifigitlettfidngonst ructed in accordance with the 15 principles of
the present invention; FIG 44 is, an exploded view of an alterpate (ﬁgawer

del i very sysFKm400aen enleraed perspegtivesetatnaey of ¢ Romprismpiher gpbediment

present_invent.i on ' LA rashil il OB enti
Capact ¢ BrRerlia BRIt e SRt b oo BleS et RishraPtRlondon
sape Vi g AestritEg Hdusdefimavetihant the wpagonehits; assenbl ed together on a 20
circuit board; FIG 46 is a sectional view of the assenbly of. FIG 45 taken

al ong |ines BB34H ishmespretivepiey off 7 ppwerndehiwprygaember of theaiFsnt WReNIs enp| v
f FIG 45 wi.th heat .si nk i . . FIG
98 | s aioapiedyuin A 5Phsifk oufRRS in 16 vt e SptAREIING tHnefittnaBr ARLY.

i Il ustrati ngpgg. 26isGhThl 9ickv 6PRB6EdHBH 0FRE. 3sherein; FIG 49 is a sectional
view of the connector assenbly of FIG 47 taken along |ines 49-49 theyeof;

FIG 50 is aRl@aisgarrapectine view ofie opnnerior savotuie constiugied 48 desopdance it
45, illustr, inga . .
15 principles of the present mvention;

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 circuit 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
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means for retaining the assenbly in place; 30 16 WO 03/ 037054

PCT/ US02/ 30592 FIG 51 is an enlarged detail view of an alternate
const r uctwore3os70s4 socket connector constructed in accor d@crasee/sds91 he
principles of the present invention illustrating the use of wire contacts
t hat contact both the | C and discrete capacitors; FIG 52 is a perspective
vi ew of the EBnrddds an enlergsaideipil gievrpizn @E@,mase Enefrugsipn; of agAcksh FAKEWT det ai |

sectional view of interior.area A’ the . .conn e - ,
fra sametnd e Bih TR I el st R PRl R s R g Dot 3,
of Fl G cqracts fhhl dbkdcBbbtRdhd I ak dis@BRRbpRitod; di screte capacitor therewith;
FIG 55 is a perspective view of a carrier Stl’l% containing | eads used in
t he connect oFIG.12 iasperspestivefview of thg zoneces asssBblmef HE. atie under si de

perspective yj .of the cqver.nenber. used.n the systens illustrat in
Er6: ' 50;  andl G e 1S ontGes] B TRgRaeLEr R A el g GF PabieelSt bt iner
of rmun&'p%}-egzdi screte capacitor in a connector fo the present invention.
15 Detall'ed Description O The Preferred Enbodi ments The present invention
i s directed FIG.d is apetriled exmodad dew iof e pyrtiopof ¢m coRneciorsissamatily of FnsTZer
system 14, a. package design stem 16, t her yal managenent system 18, and
an EM Ulskating th P%P@HP@O) @dﬁg/céﬁ’ie papasyor b?r&’&ﬂf and anti ci pat ed

advancenent Sgi@ ﬁ@a?@ﬁ?@ﬁf\%rvi%p of SELRE! QY cHR¥RirANEWustd RItRIEGRLEs, such
as mcroprocessors, that have faster clock rates, ~ higher power, | ower
suppl y wsbidhestFIGL. her DC currents, higher transient currents, narrower

vol tage margins, high non-unifaorm heat densities, and increaseg. fLequency
EM eni ssi on5IGS.&fcand 5 3e Badeasile Eerﬁﬁfcflﬁ%gléwé(?gg‘r‘?&BWﬁPgmﬁ"?{d‘F g the

m cropr . hn ased interconnect densities and inproved

pr oduct 95&?2%%?%@?%?2%}% 3gh%{dr’eel iability. Sem conductor 25 manufacturers
anti ci pate t IraG. seRanfulanged deaildpw of es siberaattvephamet gf motrdtingeglisarge 1. OV or

| ess operating voltage, 100A or greater current, 300 A/sec or faster
transi eftpagiieniBmeonngder dhe Piest MYEBHO®f f i ci ency greater than 90% vol t age
rgl ulation within 5% or less, and voltage ripple less than 1% These

r %ui rements present a significant advancenent over present

Detailed Description Of The Preferred Embodiments

The present invention is directed to an improved power delivery system 12, a signal
transfer system 14, a package design system 16, a thermal management system 18, and an EMI
control system 20 for an IC 22. Present and anticipated advancements in semiconductor

20 technology have and will produce ICs, such as microprocessors, that have faster clock rates,
higher power, lower supply voltages, higher DC currents, higher transient currents, narrower
voltage margins, high non-uniform heat densities, and increased frequency EMI emissions.
Ancillary benefits to these advancements include microprocessors that have increased
interconnect densities and improved product manufacturability and reliability. Semiconductor

25 manufacturers anticipate that near future microprocessors typically will require 1.0V or less
operating voltage, 100A or greater current, 300 A/[sec 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
microprocessor designs, and microprocessors having these characteristics, as will future

30 packaging will need new support systems for power delivery, signal transfer, packaging, thermal

17



m croprocessor designs, and m croprocessors having these characteristics,
as will future 30 packaging will need new support systens for power

del i very,weiognatoss r ansf er, packagi ng, thermal 17 WO 03/ 0PC@A02/30592

PCT/ US02/ 30592 managenent, and EM control. The present invention is
directed to inprovenents for these systens and others, all of which wll
benef i cinahdggneoty pod EMidwatick dlleqressohiduenttion is dicénisl toggpraviesnts for thesz0

[1y illustrat FI.GS..21 to .5 icularly il , th
e - Bl 4P SRS Al 3 whiclo o el fcialh HEhpr 2y dicE pehiondtl by Bnme e gn
system 16, thg;® 1ttB§?)%heﬁﬁ?ﬁﬁﬁff§t@tan§ Fﬂ@.@l%gSS%ﬁ@ebQﬁicﬁﬂ‘lyWa%% tRystem

20 for the I1C 22, all in the different enbodinents of the presen

i nvent i powertdetibergisgsteml 125 theaignd] trivesfeispsterk|16, the patkags tleagresysteng & éhal

bl ock diiagram of an el ectraonic Vi or system t hat | nel ydes a.power
dePi ver ficEyalmaghagomeny sysiprnlsy an %ﬁ?ﬁ@rcoﬁf@ oiste %)QTEE‘?C@&%% aﬂé’% ?‘5@1%09@9 m
16, at : : tF S an | C
22, 1 B A D i B g e R

del i ver ylock Uggaim 6f andéeronindeviveacageemdSithat isotsdes mpovfer BélGerylsystm ¢h a

explains the relationship anpong and between the power delivery s§ste 12,
the si grignaliraapisr srstesy d¢.apathageiesishgysten dRagyhenadimghaggaent fystemslgy 2@ | C
22. Fl i S [ ' ' he
cyst om EMRBeR DRI By ARG 22, BI6 FhbShEt | e RAICHHIR Bl BR0D i
bgpveenpapg ®IRAY, sibsalsiaserdd mekage debighsysterdOoflHA. 11| whichakplaimsthous
packagi ng design systens 16 for the | C 22, as shown in FIGS. 1-3. FIGS 11
and 12ArelatipBshinanppe anfl batsieenthe nover dakivgy axstam &2.rthesignal fensfpssicon 1Epe 5,
being lgcated in _a conne 12~ ,5orned as a cover, a socket, or a frame,
or loca d’aglﬁagg%ﬁﬁlgﬂ%%e%ﬁ&géritgieggazrﬁd (PCB) 114 and having signal 26

and/ or power F2d. FRINEKILI5EAEat liefsmBgmatveloestie ¢éac dthasgdtern blaks HlusERied
trace 118. FIGS. 13 and 14 illustrate two arrangenents of the 1C 22, as

shown i in FiGG2, 20wel as alérrpate gonnsctionsdwbresnand emiopg e dysient WecksnF¥r% dnHbct or

1 PCB.114. FIGS. ,15-19 il t : ,
stiown i Ateftese vaigispaskagime AERETY it e o Ao gl o GofBdR MGH GacTos: 1o
capaci t gae e A2 a1 e iiRGtrhe @ad Btbgtdlediifouff ast AEWAIMFRG I beihl 2ocasd ihhae

conductor 116, or on the PCB 114, or any conbination thereof. FIG 20
i 1 ustr abesctond12,GoRed a2 aivonn speket, i @ frante, ohlpestad oms peintpdicaicnd bedrdt he

t her mal t t he E i ssion. 25 | 2
Shown i FPEREY TAmdcheediie Sihed A 25501 P SR ReRas et & SHOUy R LB rker,
the 1C 22, bey fgeAq¥e IGQ.”f?éHﬁslAl' DERERS R ark BB eBRS 0Ptheli®@2] 55 FRwnfh BIG23

illustrates an assenbly of the system 10 using the IC 22, as shown in FIG
2120 Fl G31, @ipted t@6 rémbiestncait 62 pavatedge a dawiegtor 149 ot eng PCB Ylgk HlGS. 15122

having Fijl(l)ly\se‘;r;tectﬁg %((3’31 (2:t2 gncll S[)h%éﬁ(‘? (gZ,Oar; s Qves'\/n t1r(1) 191(41)5r .1 Qa%d Ilg, hza%ingFa{ \%ltaég regulator 38

and decoupling capacitance 42, each being located in one of the connector 112, on the conductor
116, or on the PCB 114, or any combination thereof. FIG. 20 illustrates the IC 22, as shown in
FIG. 11, having more details of the thermal management system 18 and the EMI emission

25 control system 20, as shown in FIG. 1. FIGS. 21 and 22 illustrate package design systems 16 for
the IC 22 having power contacts located on the side of the IC 22. FIG. 23 illustrates an assembly
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

30 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

18



illustrates an assenbly of the system 10 using the IC 22, as shown in FIG
26. FIGS. 28 to 31 30 illustrate various assenbly views of the system 10.
FI GS. 32 wod3837054 | ustrate the connector 112, formed as &CIATKZB050 a
cover, having the decoupling capacitance 42, formed as an integral 18 WO
03/ 037054 PCT/ US02/ 30592 capacitor. FIGS. 34 to 44 illustrate varjous
enbodi rmepaditoof FIG% 3ddo dd pllustigtecenpians 9lah@cbm2ts of therdeseuplng LAPICHARSF )

capacit arri.ed by a arate |nte s a
cover, tgng‘?iﬁ%eatn ] gsa}f]c?%aﬁﬁgr epzed %Xg S?%ax nﬁ%@ Engéc\t/cg;ll’rlllzlgU{ts()?ljél gsdlgrre nts
of the Qoe0HRbéRor £BRAC! FAOS 44 60liRhdIREE mowbmbmlmeﬂts&ﬁnm &ecoaplag tor s,
carried by the connector 112, formed as a 5 cover, a socket or a frane.

Ref er r | cagadianke 42) finGd b multiplsrdisseste samcmrmﬂéﬁdd{)’rfhﬁﬁ@ﬂneéwf el adpraed a5 2
device 10 that |ncI ﬁdes a power delivery system 12, a signal transfer
sy3t em P¥en & SAEkek 9HR T8®Si gn system 16, a  t her nal managerrent system 18 and
an EM cont r}]%feﬁ}f%tlﬁl@k rien, ?t&rés@n@%bl@kemég‘rﬁﬁ%@fan clcBi6Hit devicd Logmti t's
greatest utility i'n use wt th’ in the formof microprocessors that are
used i nindRdé¢shepdwel dﬂ:lmérycsgstpmtl@c ss1ghalttransfemsystermé4 Lrphekagestsdignissstennt 19, a

| d d h
Dbl | c AEPaR TP RGNyt bR g Lt eSSl P e Refee 22,
whi | e tfﬁ@e Logﬁﬁlds E}itrs %‘?é:‘aftc%'f uﬁﬁtztlﬁ Melbith f@snﬁlftﬁé fori SMAcRopk6beddils thhOare bl 1hC

22. The ™ p system concerns the construction of the package or

hegsi nothe fﬁel/mbﬂ?d@)rﬁﬂmeerk GuR withbeadersiebd thahits pendiples tibstnmturamaadperapplied
system 18 cools the IC 22 duri.ng ﬁsratl on t hereof agg@t he, 15 EM ¢S :[
system @@tbﬁfdgﬁ gsqEvn othes gpplicatigiar Ehenpaver €elavery ssiem, b BFovidasPeRy tosiPe {&m 12

is COUp £k %t% \%gmﬁ r?ag\s@’ % o AndPesY, %not %ﬁ]ﬁ% tﬁé‘lc 2 hethe ﬁi&fagé ably

|nclude conponent power

connect §@un’dstehl eisicemb ﬂd: ddilstlﬁluﬁiSn oIt}&Zpaalmge; & lpuesihg nmmh;phathblc a2 meytteonal
connection that represents power being routed fromthe power _deli.v ﬁﬁ'
syst em hedovigike ﬁae;ﬂmma wmansgement systencl Sepaisthe I 32 Augige PB%FE% 5“@;‘5 nd

h be O livery system 12 The
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The si g s typically iTnclude data, and/or contral
20 22, and also represents a ground path bemg routed from the IC 22 to the power delivery system

12.

The signal transfer system 14 is coupled to the IC 22 by way of a signal connection 26,
which may include one or more signal path so that single signals may be routed along single
paths and multiple signals may be routed over separate paths or multiplexed over one or more

25 paths. 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

30 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
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20 microwave systems, land-based telephone switching systems, internet systems, and wireless

telephone systems as well as Internet systems such as servers and routers. The medical devices
and systems include diagnostic, analytic and treatment devices and systems and the like. All of
these devices may or may not be portable. “Portable” devices are typically those referred to in
the art as having a power delivery system that is temporary and which needs to be periodically

25 replenished. Such portable devices draw direct current (DC) power from the power delivery
system 12 by way of a rechargeable or non-rechargeable DC power supply.

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

30 draws DC power. However, in some applications, the IC 22 may draw AC power.
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preferably | ocated at a renote |ocation in the el ectronic device_ or
20 bi-directional to represent power and ground extending between adjacent system blocks. The
power connection 24 in FIG. 1 is the same as the power connection 44 in FIG. 2. Likewise, the
signal connection 50 shows a bi-directional connection to represent signals being routed from the
IC 22 to the remote circuit 52, and to represent signals being routed from the remote circuit 52 to
the IC 22, as described above with reference to the signal connection 26. Similarly, the signal
25 connection 26 in FIG. 1 is the same as the signal connection 50 in FIG. 2.

The power supply 34 is preferably located at a remote location in the electronic device or
system 10, as indicated in Column A, Row 2 of the table 56 in FIG 3. The remote location may
be any location that is suitable to deliver power to the electronic device or system 10. Hence, if
the electronic device or system 10 has a housing, enclosure or the like, the power supply may be

30 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
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the circuit board is the same across the entire circuit board because it is not cost effective to

selectively apply different amounts or thicknesses of plating on different areas of the board. The
cost associated with circuit board power connections may sometimes drive up the cost of the

25 circuit board. For example, one ounce of copper plating is typically used to carry high voltage,
low current DC power from the power supply 34, via the traces on the circuit board to various
electrical components mounted on the circuit board. In contrast, if the power supply 34 were to
output low voltage, high current power, then four ounces of the same plating would be needed on
the circuit board to carry that same amount of power to the components on the board. Such a

30 circuit board having four times the amount of plating is significantly more expensive.
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like, which RYBAMEink R AR QULAPRRINAR YR tyPBGF 64HABRAICE @RS decduples power

capacitors also include chip 25 type capacitors. Discrete capacitors

adkant adeou e (5120 vitealgoogdmigenpiotencestlesivhitegaousiysupplits the IC 22 with high
transient currents when required, as described above. The decoupling capacitance 42 may be
formed of separate discrete capacitors or an integral capacitor. Discrete capacitors include,
without limitation, ceramic, tantalum and gel (e.g., pocketed aero gel) capacitors, and the like,
which may have leaded or surface mount end connections. Such capacitors also include chip-

25 type capacitors. Discrete capacitors advantageously provide predetermined specifications and
have known sizes. The connection to the discrete capacitors may utilize conductors such as
single or multi-strand wire, stamped and formed, blanked leads and the like. The aforementioned
discrete capacitors may be integrally formed with a carrier lead frame and may include relatively

large parallel plates separated by a suitable dielectric. The integral capacitors may be rigid or

30 flexible, and may be formed of a solid, liquid, paste, gel or gas. Integral capacitors
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20 The power connection 44 includes any type of connection including for example

conductive, capacitive, inductive and similar connections. The signal connection between the IC
and the circuit board may include solder, land grid array (LGA), pin grid array (PGA), ball grid
array (BGA), spring contact and other similar connections. The capacitive signal interface
provides an interface for transmitting signals between two conductive plates having a suitable
25 size and separated by a suitable dielectric material. The inductive signal interface provides an
interface for transmitting signals between two conductors having a particular orientation to one
another and separated by a predetermined distance.
The remote circuit 52 designates memory devices, microprocessors, digital signal
processor, application specific integrate circuit (ASIC), a hard disk drive, user interface device,
30 transmitter, receiver or the like. In some applications, the remote circuit 52 and the IC 22 may be

the same or different electronic circuits or devices.

24



interface for transmtting signals between two conductors having a
particular orientation to one another and separated by a predeterm ned

di st ance.wol/smabt e circuit 52 designates nenory devi cesPCHUSODRISOLESSOr S,
digital signal processor, application specific integrate circuit (ASIC), a
hard di sk drive, user interface devi ce, 30 transmtter, receiver or the
like. In sorEhappidl camrestion 5@ mayrettdesignal migrfacepsugh@s eorductys S2pasiiivee t he

PCT] SORASSpSEeAE CaRyHAT oL SR voir 80 ey FRrirfS taf G A PRr e vt o

as condyeh b¥epr o@ﬁﬁ@‘é'%&lﬁéﬁlc sigHAVEkdriRe tlﬁpidh‘éﬁ{épod rhéﬂﬁﬁf@-ﬁléiapébdtadﬂ guchafddthose
W rel ess S|gn Intertace or the like. A conductive a(gé interface
provi delsncavigial thaait whichginelude mléwrfcaonectlhas, lang| drisisarigye (L Grd), Hin giad Aeseys

aRa- or Ak pal arid ey (AT ke e 2 sty By beLigRgF e 8 RS (iR
the |i kﬁgnﬁs caRRe o gpaéé(ﬂ édﬁﬁﬁéﬁv@%‘céss pRIFABIPIF siBlar k728 B8dWwhichsir@nal s

bet ween spaced-apart conductive plates, preferably of simlar size and
whi ch aseparaseiiar asuableydieesic etdrial,dr elre darinduative eignal intepfacesis one gt

i nductive signal interface is 8ne t trans S .Si als bet
conductﬁﬂ%snﬁg\ﬁilgﬁ’@ Ispefmpan; Q) CQRARHPIS ‘&Pgﬁﬁ’a‘g m@ﬁgﬂ%m P onR gno E%rpai‘:agt ed by
a predef a#ﬁ‘téae@ bratieRtifined Bﬁtaﬂfz’é : ’?rlgé s Jﬁicgl a'l ﬁft&fa{c@fjf‘ov@déé\éh%&fé’& for

|nterfac arryl ng signals by a transmtter and

dagodul airgdndyighals ardulatsd tata aumsopttéreall defipédated by a reaeiter abar ogisel over a
channel via an optical wave-guide, such as_an optjc

Th
transm SSQUHCY.i Sﬁéh as kgl oven ﬁéh@i@bwﬁ 2B PPHeA waneEHids, &fuﬁé és %Ppttc&frﬁk%?f ghe

si gnal s bet ween r

o 75 SeBFER el e R e MY O1 oL e S0 oy e
interf a?%aﬂél%%hd@ﬁo@mnblﬂﬂﬁfgfo@ﬁﬁ, hiofo-telp )y oo-pignas) grigdline mdithediked Thy wareless
transmtter and 15 denodul ated by a receiver at%ﬁ1 gi)o fre enc over a
radi o f s]gq@ign‘@fa@qmnﬁ@ps o1 Hterfacs dorgrary g iegnalsdnesil Ba g ir or

ts C? ﬁhﬁfatgagiasgc\ée@ v a {a%'l(glﬂ'géll We(fta'rﬁ)cﬂé fr%ﬁuen%9 cHihel 78 aqlﬁilbver ed to

errent such as“a circult board _edge
card agspibikYon Reliad BebhsR Gk spacee m&yof fk ngarsaﬁrﬁngml camkelms 4dpFlimayi ve
adhesive, pins, spring fingers, and the Ii 20 FIG 3 |IIustrates a
tabl e 56e Ide]sstarabtoathc K A2wviaanyl tm@ﬁm«ﬁﬁlgl arEpngement, sush aﬁﬁ§1rwlt @aﬂke gPeHd K

t hereof for _each s bloc 34,. 38 2

al t er na@FsFEOHL g @{‘f gét et 4}9 plye éﬁefﬁ% gdelbggtﬁﬁlt}%w?dhgﬁgé ?l Be fq'}%g%n t he
system l?i?g&%saﬁﬁGLheﬂﬂ 44, 46, 48, and 50 of FIG 2. System block reference
nunber s 40, 44 and 50 of FIG 2 that directly correspond to colums in
thx t abl e 56 BiGe 3rilustetes| aoglld Sorispag sliarhaiiyiedogationslistedsin (eolwmns fof, ExHipfle,

the pOWEI'\( thereof for each system block 34, 38, 42, 22 & 52 shown in FIG. 2 and alternative connections

listed in Columns B, D, F, G, I and J between the system blocks 36, 40, 44, 46, 48, and 50 of
FIG. 2. System block reference numbers 36, 40, 44 and 50 of FIG. 2 that directly correspond to
columns in the table 56 are not enclosed in parenthesis in the table 56. For example, the power

25 connection 36 directly corresponds to the power connection described in Column B, Row 1.
System block reference numbers 34, 38, 42, 46, 22, 48 and 52 of FIG. 2 that indirectly correspond
to Columns in Table 56 are enclosed in parenthesis, such as the power supply 34 of FIG. 2
indicating the power supply itself, and Column A, Row 1 describes the location of the power
supply. In the table 56, the alternative voltage regulator module to IC power connection 54 of

30 FIG. 2, is not shown for sake of clarity. However, alternative power connection 54 includes a
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25 connection 36 directly corresponds to the power connection described in
Colum B, Row 1. System bl ock reference nunbers 34, 38, 42, 46, 22, 48 and
52 of FI Gvodswbmb4 i ndirectly correspond to Columms in Talrica/s62/a5e2
encl osed in parenthesis, such as the power supply 34 of FIG 2 indicating
the power supply itself, and Colum A, Row 1 describes the |ocation of the
power  sudpbtgr adda cinenit bskdtra®, whivh isihesamats el of thietosiaps cornpationsdisteidul e t o
| C power ]210%9%@03 54 of 30 FIG 2, is not shown for sake of clarity.
Howevert tablg 3 e power connection 54 includes a 25 WO 03/037054
PCT/ US02/ 30582 16156 ¢RS p&0é& sap@w&dah&n RO 26 Bein erﬁbtel & shb@nsam™e as
all of the other connéctions ed in table 32 of FIG In the table
56, thecqlomarA, sruwﬁl yrhedclan f ‘emate’ iddisis dedoeigtions gheraily m@mﬂ@t thespostes @nppln is
colum A, . The term’ in this descr n er.al,l ns, t hat
16 powlobatsi iy 8iabls Hieie rga Hom e bR B G A e DA AR BB APV AR 10, Ths
remai ni go; {Bﬁ&ﬂstu"sé(d R rehib& p?és@ﬁttaii ﬁmﬁ@c\é&l ﬁﬁuﬂeQies@ﬁé Sf (RS rshﬁﬂie@ Phat greused
to reflect Present and antici pate desi gns of power supplies that
are reteddtivedl gonglivptedchiceits initheitiowa right drdedre t}qrmlly iqudaﬂdnmlmEsttW| cally
forrred as nodules that ., interface to the renmjni n Cuitr ?/\53? r.m
"1 enot elnteféass toHe fFWﬁlni,ngaClEﬁu%r{E@ P et io5s n ?ﬁ’ét%ﬁ %BPy is
| ocat ed 10
whefe the ﬁ&%@%%?éwﬁed(}'ta{rég £ 5t %ﬁér%ﬁﬁ.ﬁ@éfcﬁgﬂf Bhieablaki RS Abdlng, 10

t he power "supp y coupled to emalnihg circuirtry.” The
| gpat i OﬂleqfovsteJﬂEupfmjr Bamwc&gcdlmdoupmw&e r@faintgecidetgupl i ng capaci tance 42,
the 1C 22 and the renpte circu as descri bed in Row one, (Eﬁlfilm}a %

E, Hand K, f&efesetipwef (e valtege réalelhtoaé@éﬁheéédthaéiewphgg CRRASHMIfC] 2
connect or, .on a ! or ctar and
4, res p@&q I\? éf" I’C%lﬁgg degéhb%d(f%gﬁuf &n% C(ilgﬁj?g%s%{ HbﬁlQKr}e?ﬂggﬁ\%é? arg’

sEne rour € 'connect ol gvi ce
that el esdhrdegéﬁﬂen a6 DeRIga6cAddEiRtaldoBBdCtE Qﬂﬂ@P@Bt, andior &l & eéridunios, asdiesdribed iThe
el ectrical signals carried by the connector typically include power and/or
i nf or maRiowrs 2, Siagh 4l espephizclyoriiibe same ﬁlluégoh’é@nsrrecham cal features to
f litate t elect ical .con ctlont i he
pr erred e gorésr afi?ﬁvéceptﬁgt %?ﬁm? legelgﬁhdl%%ﬁgg aﬁ%lecﬁ LFmed as

a CoVer defict. r@ﬂ@el@é’tﬁéﬂ%l@aﬁs%ﬁﬂd Hyahe E&lﬁlebt@t ty%&a-ﬂf} éncbiideGidivter b@cﬂbﬂmlfcﬁ'rrﬁttlon

substrate which includes one or nore |ayers of nonconductive material for
car ryi ngignelsd bt comneptor iso hes meehdnical ﬁqabwrs tadacilitgtedhe éllec’féléﬂtc‘é@{lecﬁﬁﬁ §° thFhe

conduct o device that el.ectrical upl es. el ec

one el e@{eFWk YL JB (ta'lgq)prg%rteﬂg tbogllnée(t}syoofﬁ]i? rg%%tgleven é e ec Fi ca? 5ignal s
carri edaby bie. £AANGHL: bh¥RGRIo el ude pouer and/or signals. The
conductor may be flexibl e, or rigid or a conbination thereof. Exanples of

f I 2Xi bl e The circuit board is a substrate which includes one or more layers of nonconductive

material for carrying conductive paths, otherwise known as traces or contact pads. The conductor
is a device that electrically couples electrical signals from one electronic device to another
electronic device. The electrical signals carried by the conductor typically include power and/or
signals. The conductor may be flexible, or rigid or a combination thereof. Examples of flexible
25 conductors include flexible circuitry, ribbon cable, wire, cable and the like. An example of a
rigid conductor includes a conventional circuit board with conductive traces disposed thereon.
The conductor is usually located off of the main circuit board, commonly referred to as a
motherboard.
The power connections 36, 40 and 44, and the signal connection 50, as described in Row
30 one, Columns B, D, F and J, respectively, are each described as being a conductor and/or circuit

board trace, as described in Rows 2 and 3, respectively, of the same four Columns. The term
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25 conductors include flexible circuitry, ribbon cable, wire, cable and the
like. An exanple of a rigid conductor includes a conventional circuit
board w tWwoaa/swsti ve traces di sposed thereon. The conduecarusoz3essual |y

| ocated off of the main circuit board, commonly referred to as a

nmot her board. The power connections 36, 40 and 44, and the signal connection
50, as ‘hesdwittddn ithis Reseripion gensrallfohesns shemanp, asdegpriped abe refranag to ghee

Goscr | pRaieh ersne e ehfp BIOREC DB Bhor Y ShaSiehtin vy RO BRIRAR AL b o
26 VO O34k 106 D/ p3VePend/orcRidvediectidn 'It}i@itﬁac@lse@@wd@tcb@dhcae@?atﬁ&,l y

means the same as described above with reference to the |ocation of the
f unct i odiaposstl oulose o erefayens of & menemdudivieonatemal, ©e careying clsorigalsignalso cldtei on

T Sine oUREU Bl SRS BRERAE T BRUSsRh R PP SRR
nonconduct i vey, iRf&fib@ of thOIC SWENREecEbE 9k khé e 161 JARH SonnEBEorPAgkgct ri cal

signals carried by the traces typically include power and/or infornation
si gnal sdesciiibel indRaw one,LCaimhh & dnC Ipeswectivdpmee tichried@ibad ds beieg laCatsdpmethe

connection 48, as _descr.ibed i ne,, Columms G | . respectivel are
each del®s pidefatsgalhandier hotiom %f?thRﬁ&V@%eas dFﬁfﬁlj,beg?IH’é)“(slagg &pdrh e ﬁ?‘fﬁg?lyb%{tpgm
of the Ctd kA and A : 1 880aGH| y 3 me
two col %J%ln%l%vq ﬁoq]flﬂﬁg %iescgile%ét}}%%}ql’stthﬁger@gr E@’ " {S(I)C%,’ Egl%sqlbgtef@Iln ger%F t"Otlglgfﬁ %r(e)%@
raber t gideld &if wifacds dfhsI@e, vaiicls tipicatie smayfbetsheark, CizBlar vhiectangylpi, ead theseray

be square, circular or rectangular, and these_ are relative terrr% used for
expl anagiegalafive 558 8sekioy exXpiEtion Sungseanly @ngd élf*@ﬁ‘? peideLonsfEted s bEgi ted to
what may on ' I t f the IC
220 Ty GG PHETRE BE bokoh R R RS T BB: i, U b Yo BN e ar cas

that ar gygicgidf,ehe fopandbaabm soffaca ol tigd Id220 hatdwurfats arass that dry preatel thantthat
present day I Cs forned as m croprocessors. The 15 | ocations of the I C power
connect pbeachaidernd thtC, lasistypical with nresentidan [Ustosmed avaironeeesserss hhe her

Se | Ol ALY B RS NS0 3oy s

and 3 i gdiaMivdest. al ternatives, respectively, inrows 2, 3 and 4. Hence,
the table 56, alone and w thout any other description or figgure, di scl oses
11, 664 20 posWithlthis gentrehetierae® of thedablg 5§ ofFIG.3 Kolpmps A, B, £, 0. 8. %, G, /. B Ix 2

3= 11,6 f .t i indi yi dual al.t {i Ves,
Dossi bi BLEHSRTIHG bis 5t proper by du etk b R mi s oo ltdhh s 2.3
del i ver yn$Y SRt 2he fabR 5%, 918A¢ akd RABHR anG ¥ilee Besthp@ditor figirg Adcagenyl, 6651 gn

system 16 for the IC 22 may be inplenented. The present invention is not
mednt t posséble combimdtions (ki 5x2x3x2x3x2x3x3x3x2x3=11,664) of the various

individual alternatives. The number of possible combinations illustrates the many ways in which
the power delivery system 12, the signal transfer system 14 and the packaging design system 16
for the IC 22 may be implemented. The present invention is not meant to be limited to this
number of possible combinations because there are many other features and alternatives
25 described in the present specification and illustrated in the present figures that may be used in
combination with the alternatives listed in the table 56. Further, combinations of the various
individual alternatives used at the same time would also increase the number of possible
combinations.
If the alternative power connection 54 is used, without the decoupling capacitance 42 and
30 the power connection 44, as shown in FIG. 2, then the number of total combinations would be

reduced by the 3 individual alternatives for the location of the decoupling capacitance 42 and by
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nunber of possible conbinati ons because there are many other features and
alternatives 25 described in the present specification and illustrated in

t he presewD oBiogwse€s that nmay be used in conbinati on w thPpchasat/sespnati ves
listed in the table 56. Further, conbinations of the various individual
alternatives used at the sane tinme would also increase the nunber of

possi bl the Xiodbidval lsersativies fortthe tyipe of thetpovier pawsetianotth@et ild90443 k 9) Tsle4

wi thout th deco ng, capaci tance 42 and 30 the power connection 44, as
shown i RO%} ]'5 ?f%?he nunber of total conbinations would be reduced by

the 3 indivi ﬁt@é A4 18,0t upemdlae! ihfed SeatizoNadholviin BEGYURLIAAE 3, having
capaci tance 42 and by 27 WO 03/ 037054 PCT/ US02/ 30592 the 2 individual

alter naincmsmgdq:veﬂmd integmtiof anéhaleptified respretivdy iaptevals 0.3 3, anﬂlﬂ \61@4171( 3 x 2

= 1,994 rrb t A, 4B, 4 nd_ 4 ate th
B R LR
I nt egr aiév@ Qﬁtglﬂcgﬁ@é h kbRohGRRBCH ¥ |o?the?s§1sla RNSKS ada cHip, wafes afd theAiRMIFEG. 5

repr esent e pac design system 16. FIG 4A il ust rat es the | C 22
constr uaBeHusitatesrthe@ﬁE ag icomstruced et infegantbnilencdl liced irclwlenilemethicndnctai dic 58,

h K h f d.the ke, E lu he 1C
R T
i | iy st r g gﬁgpfﬁzhg {élt%au&f 1e{?al2%ﬁg%8ﬁﬂé§ tﬁ@%ﬁ%ﬂﬂ%fﬁlesj%t}ﬁ&ﬁﬁé@o@@e FI G 4C

construct integration level 2 and includes the
sam congdeatcondbi® suBstranti60,ed shawit heF 1) 4Beanctaxed withor a sanisdudut®r fckags 63,hown
in FIG 4B, enclosed within a _sem conductor packcge 62, eih .as plas

ceranic S@Eﬁlcﬁstmwlpi qesamejand thgdiks. | KIG: #Ribustiages thed G2 eqnistpetad pldgte ation level
| nt egr agi r?gl r%]%c% e ’che3 scioddiglo gg&&hg@s&g gh&\’%?ﬂfﬁkpr LA orPZ cir@st HAeHN |

FIG 4C circurt Imes referred to as an

i nter po%ﬂrsomlh‘ibs rEﬂeﬁed 4Fad 4 utipoattsoat e FIG: ARilmstnstes the TE€@2@bnstiuotedgut at i on
level 4 and includes the seniconductor package 62 and the PCB 64, as shown

in FI G intsgraton mmm el ialudes the gamicenqustarpapleae 42 gd thedifeB Oheas shewain Bl o
"S5, " DR o Pt B B PR R UE LSO pnaen o

Const rugtet %is%nhtﬁl&@f @s‘iﬂ%)iﬂ tdgBatidh 1dvel dSasSHOWA i FICFM@ HMBvevBRdCr ard ous
| evel s of integration are illustrated for reference only and shoul d not be

i nt er pr entapated bebmg)r@tru@tﬁd: Bsiny Hﬂ@ﬂf&tmdemlldr potevadnbiGatBons of the levels
B N T
60, as sheMietbdadbln éﬁhcdﬂ@’)ﬁehﬁem;ﬂi&@ cBinbBRtibis cMhé ReeIROBifepration drbout
using the sem conduc%or package 62. Likew se, the sem conductor package 62,
as20s howpossible which are not specifically shown. For example the semiconductor die 58 mounted on
the semiconductor substrate 60, as shown in FIG. 4B, may be mounted directly on the PCB 64,
without using the semiconductor package 62. Likewise, the semiconductor package 62, as shown
in FIG. 4C, may be mounted directly on the motherboard 66, without using the PCB 64. Hence,
individual parts of the illustrated levels of the IC 22 may be mixed and matched to provide
25 numerous combinations of integration not specifically shown in FIGS. 4A, 4B, 4C, 4D and 4E.
In FIGS. 4B to 4E, the packages have multiple surfaces that may be considered
generically as “top” or “side” surfaces. These multiple surfaces result from the elements being
stacked or mounted on one another to form a stair-step profile. Hence, the terms “top” or “side”

may include all surfaces facing in the same direction, and are not limited to the surface farthest

30 out in the one direction.
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in FIG 4C, may be nounted directly on the notherboard 66, w thout using
the PCB 64. Hence, individual parts of the illustrated |evels of the IC 22
may be mwed3asmssat ched to provi de 25 numerous conbi nat i @aI/ush2/B0sdEgr ati on
not specifically shown in FIGS. 4A, 4B, 4C, 4D and 4E. In FIGS. 4B to 4E,
t he packages have multiple surfaces that nmay be considered generically as
"top" or "siHeIGsanhal®g?2, tihpeecrniglivérglspstenrlR athe signektmdnsier systen 4 ard et s

bei ng stacked_or nounted gn gne anot her .t orma stair-ste ofjle.
ence, whanperg: Thade 23n g Higure Srgpraty cpulsS 4 vrehpding A EERBRE 16,7 ne
sanme difeectian; 1 dl +h OHfendd) tehe
one. di G HR Gt est A i IO sleB Bl ROR T b gy OHendel
power dglbily@iayrasystiosm HIE. Stibgeretajiyehe sanamnas the bloyk timgrabd slaorven miden 2, except
schemati cal | iC The 1C 22 in this Figure, geperal ﬁ igcl udes the packa

WEVok %6

dobi gn Gytihent 28 Is Hisiraigd aha sqhemtic lovatisa S e e R

connection 48 for 8w . c . j é?lgpyé% 5is
gener al ?cﬁpvfﬂﬁtéongghnae gglty?[ ﬁgﬁ%%ﬁ%kﬁ%? éa}g?é%hs (l)nemﬁleﬁﬁgeﬁ%éﬁ gg?é%?(c pt g&?ﬁleat t he
1C 22 i §§ﬁa{1 lcBBfidcabe d6 atd thesbierrad pewel coraddtionak. W short dabliad 1heshmesensever al

illTustration conventions that apply to all of the figures. A solid Line
r epr esesltesnative pothstler the gigsak onnestionh20. Ajlenmdasherhirgicpisaealigppitvg@aths

preferred power connectio A L d - | ative
P he. { B s GRERERT 24, fhosg uBRBhor ARSIk B i GRUEE MU clittf SR

aliper naghisstRifSto the Fiduies MAWEE deRAPESH,28a8hdldd nditesateprbted by Hinitig in any
conventions are provided to add clarity and 10 understanding to the Figures

and t hi waglesich apimplpingdhat agyions eommeetiares imare ippetaatonketier Hiap pagfhetn any

: h j mpl yi t hat . ti ' ' : b
than anot her Tha Rghartghs®t sy s R AGERERS chieh &y BRIC SRR ERE
| C si gngt 26 OANRE&IRA vith PIG. Lheia thésigal cameBRGEL6. DER: Mbid) chirsctich 26/ hay bbe

si gnal connection 26. The signal connection 26 may be electrically coupled
to the tiepricslly tdupldiabttberiopdSathe/bottomivd asids tirssidst 74 pfthe & 22. Prfepllyatiey

the 15 signal connection 26 is el ectricall | he, bot tom-7 th
| 452, Fenaconbonasar Biaricaetmetite iRpsiofh Al nls a2 A BTG TR i o
of the Liieriol SRIASEALSIALIAL clebaich JoRlof SN0 HFoseRS timIRS]hiat sdiedotiin

any surtface o The power delivery system12 is electrically
coupl ed26mdytte Ib&taboeanycoanfaeeof tha I@@20f the 1C 22, as described with FIG

2, via the power conpection 24. The. power connection. 24 may be 20

el ectricall yT@é&?B}Néﬂd‘ilﬁ’eﬁh@s@&bl%@,elet%ﬁépahﬁf?‘fﬂl}r‘?‘gw tﬁﬁ]}‘?B?wF%cémg?C&l@n%g %S he
I C 22. e i r \ kign @l e The beabd donhestihed hey bdre
si de 72?%?%%@f@%@%ﬁ%@,z’?ﬁgﬂ(?@%%\}grgﬂedggﬁggcti OI!EI) 46, shown inside the
elmvat i elecically ebupléetol the R, 68; dpprbestont 2) drtdalr thdeidpddef the IC 22. Preferably, the

power connection 24 is electrically coupled to the side 72 of the IC 22. Hence, the IC power

connection 46, shown inside the elevation view of the IC 22, represents that the power
connection 24 may be located on any surface of the IC 22.
In the preferred embodiments of the present invention, the signal connection 26 and the

25 power connection 24 are located on different sides (i.e., the bottom 70 and the side 72,

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

different sides of the IC 22 provides several advantages related to the package design system 16

of the IC 22. The advantages include reducing the number of ground contacts and power

contacts, increasing the number of signal contacts, increasing the number of signal contacts per
30 square area, reducing the signal contact pitch, reducing the number of total contacts, increasing

the number of total contacts per square area, reducing the force per contact per square area along
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connection 24 may be | ocated on any surface of the I1C 22. In the preferred
enbodi nents of the present invention, the signal connection 26 and the 25
power corweaBiosns£L4 are | ocated on different sides (i.e., pchaSopsdtsom 70 and
the side 72, respectively) of the IC 22. Locating the signal connection 26
and the power connection 24 on different sides of the |C 22 provides

sever al thadvauis, agsingsthe matedteontagcheight kingisasing thgsignpbbandwigh, ereasing the 22

The advant.a i ncl ude reduci number of C r
cont act %e;mgﬂﬁlgtgg ﬁ’r?gﬂ‘?eh Ee%HﬂH‘%g% %‘?fzs?%% at "¢ g & g‘é&? F}%lgnogk?éergfsf%t%é ?‘?&tg& (rPlctYJ\enbe r
of si gnalbcifpilsambenRRls 238 niidiale area, reducing the signal contact pitch,
reduci ng the nunber of total contacts, increasing the nunber of total

cont acts perAbeuatieclnrtbasignddaniastion Re andthe@opist cemmetian 249@py belaspedonea
| 9 WO 03/ 037054 PCJT/ US02/ 3 2. the Z-axi dugi h
go tn gct t%ﬁ &1Yh P?O’ileh%rrrgg&e’l sys kjﬁee’ztgp gga OW%M%?&%@S 8 gﬁ‘:eﬁg %Zhgn%g Bike,

sem congydetPhorflidRrationSvodl €84 6ive td ke 14 atis? oSihé BignaSconBbdtiod 6l A HEpdvgerot her
factors related to electronrcs, mechanics and materials. Alternatively,

t he si geminectionodn the s@Ge aidd of He IERAo optinmezcthe ooniRdtionsyfohearjoys gugiteasng 5
t he sane of one or nore sides (j.e., top 68, bottom 70 and side(s) 72) of
the IC @Sonﬁnastﬁﬁ@h?gé’éfuﬁ@ba@gﬁbe]@%si deration woul d be given to the

| ocation of ¢ ¢ AfiahaEORRIEL0R HBWANH FIGSS AVEE o HANRAM) eGucky ibnkhe

same side of optinize the connectionsS for various engi neering
r 68Sonsintéfacd 96 and haecdnd (fow)tireguenbytsignial inedrfane 78| differnt frotulst fimt @sgl)he | C

22, as shown in FIG 5, having a first (high). fregue signal . 1
i nt er f afequrEECHHgnal BEEaRI7Y Ieé‘% coupidiie Héf-jﬁr%}t)ﬁlrﬁiﬁf 0 i&[z&é ggpntigy aFer ent

fromth %cfk'%éé ﬁes{%ir ﬂ}tge%n I%@&@fn&ivﬁﬂﬂm E)Pe{'fﬁrgé@&ﬁbczcﬁmeﬁ@%btf&?f&%ﬁgn%hﬁon:

differe des representin package design system 16 in
accor dapefcaptidkigiag cairetast 2alinehidedboth tiesfiref (highy fiegeseysignaliateriaon76 akdnce,

t he signal connection 26 includes both the first, (high)_ fr ? cg si gnal

i nt er f aths spend(ipw) firequsaeorienayl Imigwface /8 qdba dpausmsies of ﬁ}ﬁ@?‘r@% 5]*8. uepg

f g .of th ' i . 3 i h
sdaond tiEoR MR UL e SRR oA R RARY sinaChdDake 1ERERRRCA Py ARk D,

hertz. Hoygyes Héwe banebédesitss ssppatigt the gighbldnstfgeslon differchiesidesofithe IC 22
different side of the 1C 22 based on frequency increases as the separation

4 [ q
bet weenbaged ohvferguensyiinerepsss anths sgpasaitaaybetwrparhe frequeacies Peqones BRI r equency

be_connect od Fag gy SrghER BETRAG, sEMabiFRR IR S IBT 0L BEGRESY [ TE
20 22. Brahenfbhye 78 By belcsindcttddb hny side dencyp 68,doatbm T Qidf sidegs) 78) bfthe IC
connect eéﬁto the top 6§ of the 1C 22 and the second (I ow) frequenc¥t};selr%nal

i er f ag2. Peefersblyothedisteligh) freqrenpy sigoehimigriage this cpumepted to the top 68 o
22 and the second (low) frequency signal interface 78 is connected to the bottom 70 of the IC 22.

This location arrangement advantageously permits the power connection 24 to be connected to
the side(s) 72 of the IC 22, without considering the location of the signal connection 26 on the
side(s) 72 of the IC 22.

25 Further, this location arrangement advantageously corresponds to one type of signal
interface (shown in table 84 in FIGS. 7A and 7B) to be used on one side of the IC 22 and another
type of signal interface to be used on another side of the IC 22. For example, the first (high)
frequency signal interface 76 may use a capacitive type of signal interface and the second (low)
frequency signal interface 78 may use the conductive type of signal interface. In this example, it

30 would be beneficial for the second (low) frequency signal interface 78 to transfer signals to and

from a PCB via the conductive type of signal interface, and beneficial for the first (high)
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This | ocation arrangenent advantageously permts the power connection 24 to
be connected to the side(s) 72 of the I1C 22, without considering the

| ocat i on wb 0Blg70s4 gnal connection 26 on the side(s) 72 ofrcrhesod/es22. 25
Further, this location arrangenment advantageously corresponds to one type
of signal interface (shown in table 84 in FIGS. 7A and 7B) to be used on

one si degfenghsigna interiaeaf’Gledtanster sigpale tandsioyn alcondciqrfvaz MecapasEiveduee oh
t her _si f.the |G 22 le. the fi i gh). i gnal
e er 1 ot guiRifpte da ofhek Sion Irei MhgBensh Momaleuid Pl ied Ve REYes 01

(low  fHeequeRsythe i}@}ﬁﬁedrdéh@f §i3Rs WouldRy ddfrfedtiethe @Bfdiktdry aht yoeduetors tgnal
interface. In this exanple, it 30 would be beneficial for the second (| ow)

f r equenthy highyfrequeney sighals to qtBer aircuitadisscely, withertlenteripg P CBr @y £nfomevhe

the con tive type.of signal ,interface, a nefici.a the first
(nSgh) "BoBvisE 8 5t Bt deg syt Ser Afuh D RLrEHAPCH Fasiadlihg 1o
transf ep, §ta9ehPadetmBRth Bt GoNHGIR oI hePCB % BaRafiizedbet)ie cofplesi gnal
interface. In other words, the |ow frequency signals would be carried via

PCB t r anesing of higherdaGBnayridanismésshongnes pmqog mujtinde BB layarpisiminkaizedipr i ed vi a
the conductor. The conductors carry the high frequency signals to other
circui t§111§lnia1ﬂly,.v»ithout entering the PCB, or by entering the 5 PCB next

to the other pgirgyids ARAHEANNIEW bMBe BWED, & HBRhlin HIGIAMGEnY kiR MSEHigHCes.
This parti CEF%'r@a%Sr%ngenggﬁﬁgvg%tset he cost anénsi ze of {lﬁe PC% ogﬁge

m1oi i z edqiecnsipaaldatepfaex76 ambithie secontl (Towg Hrebmewy eigngl inteafaser’ & slifberent fvers
anong nultiple PCB layers.is, mnjm z&d or ehi m gﬁit ed. F%}Gf gBK?? an

el evat i Bedirsi/high) Srequensy signgbintegtace fe,sach fouplad to ghe same sidp ¢fHe ¥G £2¢ (i gh)
10 frequen ' | I r . : i

nt or 1 AL Rt pa BRE L e oy s AR RAR W LR h-R b EgUE NG n e BRI e

76, eacpresentphwasitivn. Hagcs; BDE. 6B tathotanidiss FIG. BA axegptdisetht lovgtiomef thadksige

design system 16 in accordance with the preferred enbadi ts of_the
or esent (highledusney sl anteriras 76gmdithe fareh ) HEaveney SIgpal cRedie 7o e

| acat i on. of .t he f¢§st i . i | interface 76 and the second
(|01§W) fPlgaﬂgﬁ@ 0%F%’ﬁoﬁttogrﬁ(gﬁda%%e?ggﬁz%y‘%h%é@%'si des (i.e., top 68, bottom
70 and si de( he fi23t (Bighy Feqicacy digndlliatefheest6 4udi thh3ecbne Joeh byqueingy signal
interface 76 and the second (low) frequency signal interface

] f 78 be
| ocat ed inerfaney’Ssnasebg located onepy sde (iratten AP Avtigrt Ganfidy(s)72) OBﬁhetI@r C 22.

Pr ef | first (high) f i d
ot ol o Lt RSB LR R IBRE () RS sRELY,
22. A t efiB@hdeVa e IdcdaRd on"tBE béthing 1) of Hequene yAIRSnAiveyathel ik highy Ereqifenand

t he second (low) frequency signal interface 78, ma¥ be |l ocated on the top
20 signal interface 76 and the second (low) frequency signal interface 78 may be located on the top

68 or the side(s) 74 of the IC 22.
Locating the first (high) frequency signal interface 76 and the second (low) frequency
‘'signal interface 78 on the same side of the IC 22 advantageously permits the high and low
frequency signals to be electrically coupled to the same PCB, connector, conductor or other IC.
25 This location arrangement is practical where the signal connections 26 have many of one
frequency signal interface and few of the other frequency signal interface, wherein allocating
them to different sides of the IC 22 would be more expensive or more complex than allocating
them to the same side of the IC 22.
This location arrangement may require a hybrid interface connection between the IC 22
30 and the PCB, the connector, the conductor or other the IC to accommodate the different

frequencies. For example, the first (high) frequency signal interface 76 may use a capacitive type
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68 or the side(s) 74 of the I1C 22. Locating the first (high) frequency
signal interface 76 and the second (low) frequency signal interface 78 on
t he sane wode/sfoss he | C 22 advant ageously permts the higircarnsot/ango2
frequency signals to be electrically coupled to the same PCB, connector,

conductor or other IC_ 25 This location arrangenent is practical where the
si gnal ebngd interface26d s /sscordijow ﬁr@m@ncy $1§1@ﬂlétﬁ@f)fac§|7§ﬁmy ysqithe soaductived f ew

f th t her. f I
i 1 or citeeoF denanEte. Taths casund AR gk SameRie S ieel Bife  han
al | ocat ¢ pgcitivB8RA E(ﬁﬂ.cﬁlbﬁ‘vé Sisiganf Mbe ph@wﬁ?aﬂyﬂh'e%ybﬁ&ﬁﬁé&&e JbhRREeAENt
may require a hybrid intefrface connection between the IC 22 30 and the

PCB, t hwoukdnnduﬂ@bothtdme@m digoents forrthe tpacitivh éype©fisignals endrgalsanie cottects for

di fferept equenci e For exanple, the first (high) frequency signal
i nter f @’«?C’?B&‘FFEV 03 {am tive type 31 WD 03/ 037054 PCT/ US02/ 30592 of

si gnal lnteri:?@%@{kdantéi@vaﬁsﬁﬂ%&bpeﬂLItrz@%%ewn%ms hmlﬁgfaqﬁﬁt @y use

the conductive type of signal interface. In this case, the hybri
i nt er f agignalantesfade mmmnmmazpe sf bighdl 1mth£€acec&2péxffeterw Eromnitie tpeddsigneke t ypes

of signals. I\/breprtlcular the hyprid i rfac conc'

i ncl udembetase §0etash cpyRled fou ]Ee§t ?16?5y€ﬁet°@ ?tf‘?”@/ %%‘%&5 %@ﬁ\ﬁﬁ%@%
gal vani i

o evari SRpeAgl i pilieg? F@%&%@%@‘&omﬁc{’%&% QR ferned Syl B
siignal  prséaitfimeatioo. Haniceaﬂ&e;c@mﬂcdrmpamlf%smgndés totl theffasteyB2of siigifal erterfitce

fromthe ty(ge of si iinterface 80, each coupled to different des
(i.e., BOpidthe spes emf sawl mt@&cgﬁﬂileérst% qf eigpel infeglapeeQand S‘P‘H’é‘d
package i V- wShadi ment s of
the 10 g%é%{énlglnl\ﬁ{een nce, fﬁé&gsléﬁ‘tﬁ{ conngi{%ft%lérglrrl\trig% I'ncl'udes both the

first type oRasi ghak fmttﬁd‘m@naﬁﬁt@me emlencsme@e@nﬂmm offsiglpinsrfacaB2r f ace
82. The first type of signal interface 80 and the second type of si naI
i nt er f atnslgle, without limisation, eanguelive, eapacihize.dpgHctize, cmtlﬁaleﬁr@?sfmﬁsmcﬂr@n

o O e o b R RO S-S g lsshon

i nduct | B’%nal%ﬁekfé@és,ls HeRABE HSde@iil dboRe, Nafedhétb'thd\typeé ﬁﬁgnaamtafu@wmalsmuﬁlddabl e
84 included with FIG 7A Each of these exanples of the types of signal

i nt er f ackayasteridlios of thesiirials caaiadity the bpes omg@l ierfaces eSIiC;h;fe@ab? %@cg%ﬁtws

L L

limtation, fE*a@lﬂb‘ﬁﬂh@ﬁrst% ot iRl infdreiek 80 afdthedbebridRgpd dﬂ%@gnaﬁ@@éi_fa@é 82 hery

first type of signal interface 80 and the second type of signal interface

820may be comnected to any side (i.e., top 68, bottom 70 and side(s) 72) o the IC 22. Preferably, the first
type of signal interface 80 is connected to the top 68 of the IC 22, and the second type of signal
interface 82 is connected to the bottom 70 of the IC 22. Alternatively, the second type of signal
interface 82 may be connected to the side(s) 74 of the IC 22.

This type of signal interface arrangement is advantageous when the electrical and/or
25 mechanical characteristics of each type of signal interface are so different that it less expensive or

easier to locate them on different sides of the IC 22. For example, the first type of signal
interface 80 may be optical and the second type of signal interface 82 may be capacitive. In this
case, the optical interface transfers signals in the form of light and the capacitive interface
transfers electrical signals in the form of electrons. Therefore, it would be beneficial to construct

30 the optical signal interface on one side of the IC 22 and the capacitive signal interface on another

side of the IC 22.
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20 be connected to any side (i.e., top 68, bottom 70 and side(s) 72) of the
| C 22. Preferably, the first type of signal interface 80 is connected to
the top 680mB/0stee4 | C 22, and the second type of signal i mcarfsazars8? is
connected to the bottom 70 of the I1C 22. Aternatively, the second type of
signal interface 82 may be connected to the side(s) 74 of t ag 22. This
type of signdlG. 7ﬁ'tlﬂﬂ$t§?é%s the Fardawshewn & By anhagesihe fpdnps triacs|

and/ of . &PalIRA0 R0ARKy RS 9@5@5{&&&& 82 Ok rERATdnY AR Obe 5 8 lﬂta?fa% e ©

so diff Gr “easier to em on rent

si des ofou Ffbﬁ tb Eheddmersiie (@tﬁé’flﬂ 22 rdph&eihtirgsthe pquag@ﬂeWGm 1Gineict@adend®®0 may

be optical and the second type of signal interface 82 may bhe capacitive, In

this caikthapeferpd ewbpdinenisrgiibepnesent sventions | Benge.F 10y 7BHéﬂ‘Ie(§F‘W’P 8f FiG g

and the ca e i.nte transf.er i or m of
gct r Oﬁ@e&%ﬁ%{h@ﬁ%@gm o% }Qﬁéﬁft 200 a?m%ergai%%tSQ%ggn%tsggﬁi%@?ﬁe of|t1)t| cal

S' gnal anHrFaeé@%n@ﬁbsQ@a (%d RpY3 b&%mﬁoaﬂdaﬂds} of @A 23.ve signal

i nterface on anot her P the | C 22. 32 WO 03/ 037054 PCT/ US02/ 30592

FIG 7B ill uFhe ﬁxsesjpmésug@ulzmerfa@e havirthe secpndtyps of pignalrigtetfaes §2 may beype of

signal interf ce 80 t he pe ,of age 8 aent
from t hePBRggie B)fanéll%(?&f Sj> F3P ?ﬁe@ Eﬁ[) aggé}de@égég)p féh (?‘5‘% geg%'er%rbe@@lymo of the
1 C 22 rﬁ%%@%%?f ki altlﬁﬁ‘erfa@&m 16 56BAd SYRloTRIghS] ihfreSe Hantectd thlihd he
preferre nts of the present invention. Hence, FIG 7B is the sane

ad0F| G battonb 7€ 0f thetl Cf 22 Allbﬂfnatwb{, both thé fitshtypeiof sngnalypferfme &) apddhe pevoad f ace

bot  om tpc ahaeeH duieloersy ma BF rennee3 3 i oF peetlfe af SEIBIGT: ot or race

80 and Mefk&ide t®theNy Si de
: %ﬁ@m‘@%‘é@?%gﬂﬁ%m 371%fe %?lgllgﬁ lg& %%?P%‘S&ﬁ\imwégg? Q‘gr efer abe, ' both the

f| rst thmdmhteefagﬂacbnneum(mface 80 and t he second type of signal |nterface

82 is connected to the 10 botto of the 1C.22,. Altern tlveI
fir st type oNotg thatdhereds grpe Rt gﬂd" fraquency Sismg! mﬁf{?@ %‘iﬂbﬁﬁld%l I'lriﬁ%e? ace

8 ?ﬂ(? ﬁfe%g%és%fts af 1ﬁ&rﬁ§esq{es$rﬁﬁd% ARES )7 A $PTB EQ&ué&hg %re&tlené;g wi th

Al vantages 0 rrangenent are simlar to that describe in Fl
r ef er engignilanteffacesliyiuribdd imFEES. d¢earmiotBiaetebsarily iyt somb étpetdisignal intesfang

overlap of the frequency signal interfaces descri in FIGS 6 15 and 6B
and t hesuggedhase dsscatesd 1n RIGeY- 4w st D jen! 6Aﬂ&l¢§ Gmﬁb@%‘t@’@’t he

fr equen%én%lf t%ﬁ%cl,e ’?é‘fsﬁ{rét@%ﬁ@ ﬁ&hwgrgk Qﬁﬁg@ ént@ﬁ‘a&n aﬁli%e @%ﬁﬁ%ﬁ khl y have

sone ty S such escri be n Fl GS. 7 and 7B.
For examlncy &gﬁhl%teﬁi%ce T9R ﬁrtfé&bly(btcgﬂhcﬁﬂ’e&gpl@@ﬁ:sygnatngﬁﬁdcel it i xempld i S

prz%f o al;;.c%l t?pé: ) s?grllatl ;r}égrfattc%%gm%fs s1sg|na gaa'lc dllffrcl}e% I"rgc(l:ueenmeg dT]ftler}gfoiee 8?I(1jls otatl)on
and by this example, various combinations of FIGS. 6A, 6B, 7A and 7B are possible and within
the scope of the present description.

FIGS. 8A, 8B, 8C and 8D illustrate cross-sectional views of the IC 22, as shown in FIGS.
4C and 5, having signal 48 and/or power 46 connections located outside, flush with, recessed or
25 inside, respectively, the semiconductor package 62 representing the package design system 16

accordance with the preferred embodiments of the present invention. Preferably, the IC 22 is a
semiconductor package 62 formed as a level two design, as shown in FIG. 4C above.
Alternatively, the IC 22 may be formed as any level design, as shown in FIGS. 4A, 4B, 4C, 4D
and 4E, or any combination thereof. Note that the semiconductor die 58 and the semiconductor

30 substrate 60, as shown in FIG. 4C, are both not shown in each of FIGS. 8A, 8B, 8C and 8D for
the sake of clarity in these four figures.
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frequency signal interface 78 is preferably a conductive type of signal
interface. In this exanple, 20 each type of signal interface carries
si gnal s awodBfsmsent frequencies. Therefore, by this notaticarusoasdoby this
exanpl e, various conbi nations of FIGS. 6A, 6B, 7A and 7B are possible and
within the scope of the present description. FIGS. 8A 8B, 8C and 8D
illustrate CFES-8¢% @B, 86aind\8Deeash bave feetutds i eomaponsidwding therem8:ondyctonnd 5,
havi ng signal 4 ngd/ or. power 46 connections, | gcat oyt si-de | ush with,
rec esseﬁch?ge @Sgﬁl‘ﬁg 198 thertgp 98 the @8&?}?%#1 © Sl %ﬁ’i‘fﬁg@oﬁleggﬁ% cqgiection
represepyi BAHAGEIOS, B8 srSt I GicAORORA MG ok Bl dBopnafar T ed
enbodi rrbé%itﬂg&o Bﬁe pﬁ%@ggq?hgleﬁﬁﬁon. Pre%‘oerably, t'he er 512 i(s) a
sen congksctilpsd ghacka@he B2 pbwenmanedioa 46emdlthd signall estugatiora26 siedbwsanme 48l G 4C
above. Alternatively, the I1C 22 may be forned as any | evel design, as
shéwn | desplsd aboKe. 4B, 4C, 4D and 4E, or any conbination thereof. Note
that the semgondy | i Qinc08 S UBSL 8 Berfifine S
shown in FI grﬁegf : ggr’lg&%gdtr%anolggggg\%\ggpﬁaé@g%%ﬁg?ﬁéﬁ%g 8A, 8é{r 8Ce an]ée 8D for
t he sakgickihesd 88 by have dnyestucland imdyi tgpudiffereni3ch W0 @3 di8 sldlsd oAGE sLiBkDHBXIE2
FI GS. 8A, 8B, 8C and 8D each have features in conmon including th
seni conpaskegs 6% abhaspnisndurios package 02 may bggomwied of RBY BPRIPBHIY 124K s des 72
and 74) he .| G, si gnal .¢o i . 8 . I8

8]{?&;?{5%1?&38 Vgﬁle o% gle{ﬂ%ggetﬁérﬁtinedﬁﬁicﬁl& 8%% %%tpﬁgnsacfé)g? %Eﬂo@%}g@%grst&ﬁlgrhe

si gnal a ower connecti on escri ove.

| GopOovVep G Btaetdndio ridier@élfdriite SehdEidueionpRRkbEOR. 2breRibly, the saluoftheS
descri bed above. The sem conduct or package 62 has a predeterm ned thickness

88. Theprsdetdatisedihichess $8 iskhespneam shsideeridhasgmicendietosnackagy obe diff erent

on one or no i.des of, the sem.cqonduct . '

package. 62 mipe ie g epevamRgER ST ot ARG A parmif 1R A8 G RAMERSH
val ue ofy,d/beatRicREBloOtHRE Sk dhire kitdedind SvitioubRPiteRi, APECH, O cofhet@PIRBRESOr S
using 10 plastic or ceramc materials for the sem conductor package 62.

Pr ef er abbwer, 4 $veketairadianie, alvendysterdancsheriiGeand the ke e Ele wgchagiceh@alisgrmenba |

i des of th i cond _ . oo
7 ot or oS SHRAHY Per L r At ted relog2er g Y NS IRIIERC 22, he.
to anot ek ShifH edies indflde KeltBout Wntiauh, Jihdliidaés, posts, peF Bumps,cRaNRELRS |

formng a cover, a socket or a frame, a conductor, another I1C, and the
| i ke. Thetendiophoyesl orfeeaimare sunfags bethe 5C 28y anddordwlesersaesaese trpughssandhe likee

ttached to_the I C 22 or integral ith the LC 22 Th hanj cal
Feat ur ExPRANBA ohf PROBEE AT BhIC Birdne Pithgoleel [sup miye B THRE: *ang
the |i k‘?henf‘s’éfv%g‘ﬁfs Hﬁg?‘gyﬁge ?x?@es%ar%rfﬁstéiéhf BGEEn& arldt aktbctPde 1@RY/ Or hol es,

recesses, troug _ '
20 The IC signal connection 48 includes signal contacts 90. The signal contacts 90 provide

any type of path that permits the signals on the signal connection 26 to be received by the IC 22
and/or to be transmitted by the IC 22. Hence, the signal contacts 90 are compatible with the
various types of signal interfaces, as shown in the table 84 in FIGS. 7A and 7B, including,
without limitation, conductive, capacitive, inductive, optical, transmission line and wireless.

25 Depending on the type of signal interface employed, the signal contacts 90 have a variety of
mechanical and electrical features and characteristics. When the signal contacts are compatible
with the conductive type of signal interface, the signal contacts 90 are preferably made of metal
to provide galvanic contacts.

When the signal contacts 90 are compatible with the capacitive type of signal interface,

30 the signal contacts 90 are preferably made of metal to provide one side of the conductive plates

needed for capacitive signal transfer. Alternatively, the dielectric material may be provided with
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extending into one or nore surfaces of the IC 22. The nmechanical features
may formfasteners thenselves or may cooperate with separate fasteners to
al i gned awd/osn3mss ach the 1 C 22. 20 The | C signal connect ipam/u$82/8036t udes
signal contacts 90. The signal contacts 90 provide any type of path that

permts the signals on the signal connection 26 to be received by the IC 22
and/ or theI®&2tondheednducidveylatche Nots that theethes side péthsicgnductive alatest(@otghownd

conpatible with t various types of signal interf , in the
Cabl o copuihealded angr i 8F on NEFTsfieg s rrblie i g 0eBR S Cuct s Ve,
capaci tive, \idHeld dgnal 0BAth&RDO atd RRPAIBIR VA the RRludhve e 6f dasal idbrface, the
Dependi ng on the type of signal interface enployed, the signal contacts 90

have a sigmal edbytacts 90 mecpraferabdy madelofinetal to prayide eng sife of tagordisiise elepiest i cs.

' or  aedod g infighas Siedih or G oDl B gref bt THARERRE BT AR, O\ e
gal vani ﬁ'lo%{)] E@lﬁh%}p pmq@eci 882 P8R onGU¥nAGkS:, FOwWAT B SRR inFheheMdetaillitow.

capacitive type of “signal interface, 30 the signal contacts 90 are
pref erabl y matdenalie sighalcohtacts 06 uiedmnyratibkivdith e optieal txneddsignekinisifacadhe

Tat or | afighripopects OB FEIEEDN PN PLTS PHFELA BN UL SRS €538 on
t he congﬂf é&%cﬁ%n@frﬁﬁﬁhgp&e@af@é}gw? he ot her side of the conductive pl ates
vvnﬁ’ coulrd be prowd

(not sho ed on a PCB or on a connector, as is described
i nof urt her defialthdsikeal.coitets I0he aingtiblecwitit the tsnBissioe lipo typetofisignalni t h

the inductive type of signal interface, the s.lsqna. cont ct% 90

pr ef er aintgrfagsadhe signafqoatacisy Opnreiprably foREs igaspIssiph ung Hﬁﬂ%@f’i Q/Eméf}afféﬁf%% 5
ded f i.nduct i [ : { i

Conduct PReEREiEN ST Biusth RSl ERL oA plie G REG 22 Hd B A

connectgcgnne@t%ly\('nlot S}Qﬁvrgeﬁﬁdémemazfurt her detail below. Wen the signal

contacts 90 are conpatible with the optjcal type of signal_ interface, fhe
si gnal cont a¥Vkendbe pigatiamontscts Nsraranrativte wish éledﬂf ‘fl%S&ItYHer%?Wf‘t"%‘g%%ﬁ%? or

optical receivers, . .as ~wll .b | be. | t : i l;

(s o g contabiy Ry i dF AR Eirl b LA Bl dropifificach HARR

si gnal  pitiieeh HiRCEenal BontcaRb6 6@sidact theQ0 22rv&i e adtbinaf (aotshoan) amditheisignalon
line interface to provide for a roper inpedance natch between the sjignal

e p ¢
connect came2om (1ot slivmfinsifethedC22. fMtermatively; hesisnakbeminsty Ibmay H50 @own)
i nsi de the, Ch22. When t“Ihe signal contacts 90 are conpatible with the
wi el es8TAWIFhEANEPRAUTC nt er face, the 15 signal contacts 90 preferably

forms an ant q@gQ;dndf &nkRELI0 fe lare@tﬂcdﬂ;(1 EQiplal torEP@mitinRcidRdR S88hotshoba) ween

t he signal connection 26 outside of the I'C 22 via an antenna_(not shown

amd t he Isiatpdahside the semiconductor package 62. Conventional methods for providing the electrica

coupling include, without limitation, wire bonding, tab bonding, flip-chip bonding, and the like,
as are well known in the art of semiconductor manufacturing. Preferably, the electrical coupling
between the signal contacts 90 and the semiconductor die 58 are made using wires and wire
bonds, each being well known in the art of semiconductor manufacturing.

25 The signal contacts 90 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 signal contacts 90 are located on the bottom 70 of
the IC 22 to maich the preferred location of the signal connection 26, as described above.
Alternative locations for the signal contacts 90 are shown on the top 68 and the side 74 of the
semiconductor package 62. The signal contacts 90 are illustrated in each figure as simple blocks

30 for the sake of clarity. Practically, the signal contacts 90 include multiple individual signal

contacts corresponding to each signal path. The signal contacts 90 may have any elevation
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connection (not shown) inside the IC 22. Alternatively, the signal contacts
90 may formand provide the antenna itself. The signal contacts 90 are

el ectri cawbysosmwpd ed to the sem conductor die 58 (not showd/usapsdserat ed

i nside the sem conductor package 62. Conventional methods for providing the
electrical coupling include, without limtation, wre bondjng, tab

bondi ngelafivé o thesemisondiotey, agknge tRe Profriebly, the signal coafacts@iathhavs thems ¢ of

sem conduct.or nuf.act uri ng. Preferabl t , j bet ween

the si gei%'lah%ﬁeg%b"iesto %éHHg?WqECthB%‘C%S%%?JZCt@}%S glgrgncég&fegr et%gtggg&gg ng wires

and W rgamBaRtsne SRR sRicHIMRIrpallRgwB2 hid edie odtdnmebticietsitbesighut tcofitacts 90.

manuf act uri ng. 2g5 The signal contacts 90 nay be | ocated on anglt_si de or all
1

si des (Altenativelyp t6Bsighed contasty 00 individeallyzpayahaye Zifferent elgvatipns phtiveiather abl v,
the signal] contacts 90 are | ocated on the bottom,70..0f he . tch
Lhe pr qrekasE Y B astorgRoBHe v it Sosecid tigkifus. (e Gy I8

Al terngp) ' 78 pi eHNnC@BIRE Shapes HcRids\Withow lintitigioh,0p 68
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Shapes include, without limtation, square, rect %ngul ar, rogsrb(}{ oval " nd
the |i Keeingowistldnawnyn therpst eff Icpackagedesign. Breferplly.ithe PRFFHPIEHCE 22 3 o ﬂ@n
square yrange. .Preferabl. rjahy -gal i i ower
et BT AbP e e o e S B s et oAl SSRAERE; porl HZohiact?
10 powedy gHHAGEmRoahdEsdiany id hdaeicothapaidelédmdtal peuplingdetweenplodgnan t he

power connection 24 to be delivered to the |IC 22, The power contacts 92
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Wi re bogdsal BSambis 90ab Mtk walibordnersndiersst he art of | C package design.
Preferably, the power contacts 92 are generally 15 larger in_size than the

si2gnal cont adhs pe@er comtcts¥ whwbe kdcatefl os gupFidagr #be 5 P FoReHomdSt act s
sides 72 and 74) of the IC 22. Preferably, the power contacts 92 are located on the side(s) 72 of

the IC 22 to match the preferred location of the power connection 24, as described above and to
free up more contacts on the IC that may be used for signal and other non-power applications, if
desired. Alternate locations for the power contacts 92 are shown on the top 68 and the bottom 70
25 of the semiconductor package 62. Locating the power contacts on the side(s) 72 of the IC22
significantly reduces the force per signal contact per square area along the Z-axis on the bottom
70 of the IC 22 because the force per power contact is in the X axis and Y axis. Locating the
power contacts on the top 68 of the IC 22 significantly reduces the force per signal contact per
square area along the Z-axis on the bottom 70 of the IC 22 because less contact force is needed
30 when the signal contacts 90 and the power contacts 92 are distributed on opposite sides of the IC
22. The power contacts 92 are illustrated in each figure as simple blocks for the sake of clarity.
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92 and the sem conductor die 58 is heavier than the electrical coupling
between the signal contacts 90 and the sem conductor die 58. This

const r uctworozmshoant ageously permts nore current to be r@ardasor/brseugh the
power contact 92 to the sem conductor die 58 than through the signal
contacts 90 to the sem conductor die 58. 20 The power contacts 92 may be

| ocat edPractically, the pewer cantactss§2fmglude maltiple gslivigual pewensantasts ang;sgeandzesniacts

&1 e () omseamdiefe e BT e PR T A Pl B S PR L e
connect i on 24ye swdleshfabRed ABONRe Al elePatineRWPIOTRE CerfilebhdiRtcd packdgb 62! C

that may be used for signal and other non-power applications, if desired.
Al t er nadrel prefesebily iseyf all haviedhgenmerelesation talaiivg o dresegtienndueiar paskagef?- 6Band

the bottom 70 25 of .t he sem copduct or .package 62. Locati t he._power

cogt act FTHIFCNHY RIS §§Sef’§nl?1‘mfaﬁ§mpg:°§ GSSPS‘%?P%‘%%W*?& e uaé@sea?%e force
per  si goal SR 8%he PSNerIOHAER 927 AdtehlaB0Ely! he tpzw%oslt% dhipdBatdaliinmagthaot
the IC ecause the force per power contact is in the X axis and Y axis.
Locat i ndiffetent elooatims celativectoshosemibendnotor p&kege 6o dogodmodplgryfipesant | y
reduces the force per sin%n.?l contact per square area along the Z-axis on

t he bot EREARCEING CORAEETAEONS oI BRIGAUAC) 55 contact force is needed 30 when the
signal conta - BRI enS OB AR Sy chidr icBhtaed 99 areIBBRSd t @

si des of theﬁﬁ%ﬁgﬂm{%ﬁ%pﬁéﬁg‘r cg(r)lnt actsSQZ areri Iélj%strrgt ed in each figure
ag0si npbesidk deksenficondubier padkego62. clnghistoyse, t18GigNal OBNBE7YBadRETThe SORE30592

Practically, the power contacts 92 jnclude nmultiple indivi | power

cont act GOTHHES & deraisehrioys the owel dﬁ‘?]@er?lﬁoré‘ﬁﬁ ) geggs}ﬁagnd ground
path, a i M r . ¢ ve
Doy el clieHABEhinge Holthe . Al R D4 o o b o

they al boigste9o2 haydaneas! edad ammaebadiifferent on bixeorsmoiecsided 0f thersemiuindy@o62.

This 5 arrangenent pernmts ease of manufacturin f the sem conduct or

pac kagepﬁa%ga-eﬁ@@r@m}’c@ﬁ ielue pgﬂletpéeQeﬁgnHﬁ%éelg@g%%? BAPRTPPACAOY or nat i vel y,
t power. cont ac 92 1 ndivi . kL L@ns Ve
5. D BiROBRAR R PR P LB TR CLLLEERllh pRunk sooriatth

consi degtvaasof thé pRAGEARInAhEghtIAGS Bedsihdl estinett 66 ahdrat thielpewst gimadcts 92 is
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seni conthecame opapdkades of 2he semiearidycteppaskaga@l.si gnal contacts 90 and/or the

power conta Lare rats ab t 1 ctor
Package 62 byl 51 Hielef Rf s WGy Sy Stic Bfer Tonab o2 500 BOQGT
the si gpgkn GRRLRCIENiSChRB@E PhckiaBE6 D OMEhis casd) ttdignad oriBdts HBe]/@rtiie palvere and
maybe different on one or nore sides of the sem conductor Facka ,e]§6§%

,8;2111 strajes

Pragf er abbntacts B2 axcadvgn with thieuter stfice phiha semisendietormpckage£BpFKp

that the signal contacts 90 and/or the power contacts 92 are located partially recessed inside

corresponding indentations 98 formed in the semiconductor package 62. In this case, the signal
contacts 90 and/or the power contacts 92 are recessed below the outer surface of the
semiconductor package 62 by a predetermined height 96. The predetermined height 96 of the

25 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 96 is appropriate for microprocessors using plastic or ceramic materials for the
semiconductor package 62. Preferably, the value of the predetermined height 96 of the signal
contacts 90 and/or the power contacts 92 is the same on all sides of the semiconductor package

30 62. The recesses advantageously reduce contamination and/or damage of the signal contacts 90
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15 m croprocessors using plastic or ceramc materials for the sem conduct or
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met hods ,ggch as insert nol ding, over nolding, snaps, interference press

fit, adhesive, and the like. The separate part nmay be forned of the sane
or20a di f f er efAthemsachanigal and elegtical 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.

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
25 (not shown) is on the outside of the semiconductor package 62 and may be provided on a PCB or
on a connector. The signal package interface 100 forms the dielectric material having an
appropriate dielectric constant to permit capacitive signal transfer between the conductive plates °
of signals having appropriate frequencies, amplitudes, etc.
For example, an optical type of signal interface may require that the signal package
30 interface 100 be formed as an optical lens. In this case, the signal contacts 90 form an optical

transmitter and/or an optical receiver. The signal package interface 100 forms the optical lens to
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15 sem conduct or package 62. Alternatively, the signal package interface
100 may be fornmed as an integral part of the sem conductor package 62. The
si gnal pawkag®3iost erface 100 is illustrated in each figureTasoysispt e

bl ocks for the sake of clarity. Practically, the signal package interface
100 nay include one or nore individual signal gackage interface 100

cor r espendheignddnlsed sigsalg iathe forat of ighd whkes theauigh thesemicondueiPEpackpesf2.
features_and characteristics of the signal_ package interfac 10 nd on
the. typRligPagIgndne Firahmse duace D0 dhk R e Reme eSSl HRE L 0
7B. Foﬁle%éﬂ%b&ct@r SRRAR 4 1D etnfip the ol Ekotidi 2, FaaRd IBYpH@UEbES, folbat
the signal package i'nterface 100 be fornmed as a dielectric material. In
thi s cagechdnkwllg ialipadd with theaipsicflGrapsmitied endiorths iopidcad feceiver ingidp dedG 2% In
plates required for capacitive signal transfer. Th econ J th
PoAduct ihvelsratis. o ophoy maFR gl 18 H50 Firaedht oPUa GPas Romedtco b AeTrr
package PR R&id e OF sidhal iARrBeERABP REuRE thal AR stidanal
packagee)?a%%pg‘?’%ace TS‘EI &?}l\ﬁs&?ﬂgﬁﬁfgﬂéet ﬁ%@anlatérfal ﬂgé\fll ng an appropriate
di el ect pickagOmsdrfit 100 bp@oririetl as ap anpddanes matghial deviensf er bet ween the
conductive plates of signals having appropriate frequenci anpl itydes,
etc. For exadpeiC PQWeb%ﬁmé‘ﬁlont"gﬁdEd&}geSsq RO PRATASP f%?gﬂcﬁg§5$@&m%%rpﬁ§?g? he
si gnal package ,30 | AR v RoMBLis 98hoda@RSnsidd ki S
case, tﬁ@eff‘}"gﬁg?%%%ﬂﬁ{%% é?@ger%gg%ﬁggérg%“ cal?(ﬁ”t r gmsrri tteor aanqll}lsér an optical
r qoei vVegemithehiktddpatkpe cRagepiraicavifiaihe pd@6r domnastionttd logtédaitsilethe to 38 WO
03/ 037054 PCT/ US02/ 30592 channel nodul ated signals in the formof |ight
waves t benoigghducks peeligeddduct or package 62. Alternatively, the signal
package interface 100 £ or Sneg! 204i0¢hhmeugh  the
sem conduct o%ﬁBBWSb%acgggetlg%ﬁféﬁ)nP@@%%gg?gna?aggﬁﬁ%(}:t?gn 28, formed as

opti cal sdhRBAGuctdrPabeagermrchaieahéshanicilgnietheditd thetsemintlicial packagedsi?i sucker
and/or the optical receiver inside the IC22. In 5 this alﬁlté‘(frnzi\, iv;_a[, t he
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mechani call'y joined to the sem conductor package 62 such
20 mechanical and electrical features and characteristics of the power package interface 102 depend

on the type of method used to delivery power from the power connection 24 to the IC 22 via the
power contacts 92.
In FIGS. 8A, 8B, 8C and 8D, the features are illustrated therein are for illustration and not
for limitation, and any feature from any one of the Figures may be combined with any feature
25 from another of the Figures to provide multiple combinations of features. For example, the
signal contacts 90 located inside the semiconductor package 62, as shown in FIG. 8D may be
combined with the power contacts 92 located outside, flush with, or recessed in the
semiconductor package 62, as shown in FIGS. 8A, 8B and 8C, respectively.
FIGS. 9A, 9B and 9C illustrate a plan view of the IC 22, as shown in FIGS. 8A, 8B, 8C or
30 8D and FIG. 5, having signal contacts 90 and/or power contacts 92 located on the top 68, bottom
70 and/or side(s) 72, respectively, of the IC 22 representing the package design systerh 16 in
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illustrates the side(s) 72 of the IC 22 being available to carry signal
cdft act sink is in mechanical contact with the IC 22 to provide a thermal path for heat to be’drawn away

from the I1C 22.
FIG. 10B illustrates an outer portion 108 and an inner portion 110 of the top 68 of the IC

22 being available to carry signal contacts 90 and/or power contacts 92. Preferably, the outer
portion 108 carries the power contacts 92 and the inner portion 110 carries the signal contacts 90.
25 This arrangement is advantageous when the power contacts 92 and the signal contacts 90 have
different types of signals interfaces, as shown in table 84 of FIGS. 7A and 7B, such as, for
example, when the power contacts 92 are conductive and the signal contacts 90 are capacitive.
FIG. 10C illustrates an outer portion 112 and an inner portion 114 of the top 68 of the IC
22 each being available to carry signal contacts 90 and/or power contacts 92. Preferably, the
30 outer portion 112 carries the power contacts 92 and the inner portion 114 carries the signal

contacts 90.
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90 and/or power contacts 92. In the preferred enbodi nents of the present

I nvention, the power contacts 92 are |located on the side(s) 72 of the IC
22, as shwearsios7old G 9C. 15 FIGS. 10A, 10B and 10C il | ust ratrajSomses9t i mit ed
exanpl es of the arrangenent and |ocation of the signal contacts 90 and/or
power contacts 92 on one or nore of the top 68, bottom 70 and/or side(s)
72 of the | GnXIG. Fl1,Ghe t@metor 112 matudss appronrias elpericalend 1pehatical featyrepamsy of

th | C 22 bein il.able to .car. [ | tacts 90 d/
cont actQPaTSIETACY RAEPViKD R PlsrTEganeTRCe L p<e 155 Sz sompetigh &b FAPERRY T
heat si &gipe&io%%tanﬁﬁﬁéﬁi‘j tQ%éTII%C c&zrgl%ctbf ke isRoBh &ML kifth thé@arieRtypt oFkigkali S 1 N

mechani c contact wt to provide a thernmal path for heat to be
dr awn aweyfacéy deserited vith 2Ble 3l iGFIGOB/AlahdigBr at es an outer portion 108 and

an_inner portion 110 of the t 8.0of the IC 22 bei ayai | abl e t.Q,carry
si §nal cont a@pgor@l@gémgﬁ(ﬂrefﬁgﬁggmggéﬁngﬁsﬁ&fPrﬁﬁﬁg? Wﬁ’ﬁﬁ%t er?@“%?fﬁoé[rﬁzport i on
108 carg] ' RpdcitBibe i) afRIdet@ el e

si gnal ‘g;%‘ﬁ Sgkggogw%ﬁ%ﬁl}gl%gﬁlfgﬁgagan&ﬁgﬁéﬁlseba va%t g%eous evvhe% thee pov?;er

cont act frfer @isll bélews iSim!the cotinacivs 1 Blcamasscthe BT 22 aghemoltaggpegiasbr siodwigl3§
interfaces, as shown in table 84 of FIGS. 7A and 7 such as, for . exanple,
when t handdentbe deconpling eapgcitance 42 aredaeated s CoRg t?ﬂtf Igj?g?n%ﬂ poéﬂf\]Fa@FEsb@fO are
capacitive. .Fl j | 1k ' ¥ portion
114 or  THEmgREthy e R HRONSE SRR 2L RN Al e AoBR o bR

cqut act sorRectastiDlin RENEhinGBREate SMPedanbs addindidtyncetoli theddvau temeption 2étp 112
carries the power contacts 92 and the inner pqortion 114 carri eﬁﬁérge si gnal

cont act pergot tha golgzegegwatrp wdpie B8 and/ar tiestpsoyniing capacitgnce 4-fo dg PBr 112

i ncl udes ropriate electrdcal d 146G

char act ?é‘?l?%gi %‘g'rot“b‘f@';a&e/ i%glgr?% %%crulg%g :Lnlﬁgé P%gcghéfelﬁm}ecg%@t he si gnal
connect i on 261,apsHiREoP VB ay B@MeA1due forddk, safed hed siges2dd bEhmadeafivedoer 112
is conpatible with the various types of signal interfaces described with -

tabl e Sthaianials, GPendisigamdvariBus Sngiessong conpidesations bhevErus dowitn ShAPRR 1288 &

the present inyentjon, the.connecgtor arki I r r
nddul e Eﬁ@rﬁﬁwg i {:ﬁqde‘@@hmeidﬁa“e@éﬁlgﬁ ﬂganl(%g aﬂétlféggﬁ Fﬁge ‘328 g?fgggdﬁ?éry dat%‘ﬁrt her
detai | ReheWin® 1%L 129 8ns PTG IRIidbY2 dFalid I(e32. t beshelidds 120he2y ahd t2ye

regul ator nodul e 38 and/or the decoupling capacitance 42 are | ocated as

cl ose t hotitmtdly @znawitipdashedliegs 126t Bhand I0niespestingly+ Abe dafgd Hnsst represHowner

connection 24. M nin zj t he | th of ,th .1 ' gl

Carne Aot kces Husre e domnecion T i God bR QR T GRRD Shkert sfdbiaftal

per g‘elt . Eé&‘ﬁle}éfc?)ﬁ t 9 e NLRALELO HadhBE Uh&s 38 NN Hatibh fusesRwaly ad shapdaict sace 42
Y, W

20 interpreted to limit the scope of the connector 112.

For example, an upper part of the connector 112 that is located above the top 68 of the Ic
22 may extend only down to dashed lines 120 and 126 essentially forming a cover, otherwise
known as a plate or cap, over the IC 22. In this case, the connector 112, formed as a cover, has a
bottom surface that is located coplanar with or above the top 68 of the IC 22. The connector 112,
25 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
between the top 68 and the bottom 70 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 124 and 130. In this case,
the connector 112, formed as a cover, has a bottom surface that is located coplanar with or below
30 the bottom 70 of the IC 22, and may extend to a top surface of the PCB 114, if present. Note that

the connector 112, formed as a cover, is shown to extend beyond each side 72 and 74 of the IC
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vol tage, narrow voltage margin and high current to a high performance IC
22. The connector 112 nmay have various forns, shapes, and sizes and be made
of vari ouwo oamsmsd al s, dependi ng on vari ous engi neeri ng ceasiuser/atsbons. The
various forms, shapes, sizes are 15 represented in FIG 11 with the dashed
i nes 120, 122 and 124 on side 74 of the IC 22 and the dashed Ilnes 126,

128 and221 30t simutdtmt bie d@emetgd ag ltreng limited arshe dliematigelybe cannecignd 134
horlzon al | l'ign mnt shed i nes. v The
dasheg brRedase 8&6?.%3’ ‘éh By RRidE %%Séﬁ} aaﬁg 7h Loe2 2Ib 32X
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oy ext bt BATG gt veo e 1y orBedhit 123 8 ek hink Afone,
cover, QhOgHW %fﬁ%’%’a& ifg%cl?étaﬁrﬁiepfhﬂ@@z QY Bfis £d¥8, thE&cdmhectol 111)ifSrmiaisa,a

t he connector a cover, has a bottomsurface that is |ocated
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bottom conneéctor 112, fornmed as a cover, may further
expend gawr 1bdueedheti@senrtbe dotlori4 Oahd thetop 68 22 thted CcRfs B donnentor1l12, fomared 36)

that | 5o pekeh seydBheRRoRPHIB ABLT LIS QB Botd biwbebineriel pea 356. g
my ext ﬁﬂgiafg tﬁ? %egﬁg 188 Softhed J%ea. o g%’g' I thh sﬁfa%%?&tt is 1064164 Edpdnar W@ or

connect d cover own to extend beyond each side 72

and 74 ghoviehBe 1op G8lof\E2 IIBQ@3N6&4th£Kﬁ{é LBRRHBOBER forAd abatsositet s shavat tobe
interpreted as being limted as such. Alterpatively,. the cqnnector

f or ned exterd beywad ea S}d%@Z and, &hofiihe AC 32, b shorld paigbesinigaretpd ag amgima%%taﬁe
22. f
cié ; OF?‘F& Aélger%atlelg A L a&ﬁéctgr r B8l ﬁ% la%i:k'e #ﬁ&ebre%sﬁ it OI'tl dECPBREEE Or

anot hér ~exa art of e connector

112 thatphaqg hpeated e, auwict eB hioishars a5nc7.r9 detaﬂé&\elukt@tm afelye c&mhemdr diLy up
to dashed lines 124 and 130 essentially form ng a socket, otherw se known

as a cuﬁ)rmedpealsectketunder the IC 22. In this case, the connect or 112,

formed as a OB Eran e AE S SO cdrel BF REPRALRR {bﬂrarmnhget

bel ow t he boﬁy connheéc as a soc

may fur thes 72X Mo tHhe 10 2ds 6@ Sially fitifing 4Hr@rhe ! diBerivised@otvd as daiigan boidees 122
and 128. In this case, the connector 112, forned as a_ socket, has_a top

S0 ace afdint hateriister daml@22. bt thisease, e wonecion 118, fovaed pwa frapesnaphavepiopc

22. The C%ncréet ét?sf lo:cL:%tZed a{)oven%e 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

25 surface of the PCB 114, if present. FIG. 12C illustrates a more detailed illustration of the
connector 112, formed as a frame.

These three examples of the connector 112, formed as a cover, a frame or a socket,

illustrate examples of the various forms, shapes and sizes that the connector 112 can have. Note
that the descriptions in the examples above blend into each other. For example, the description

30 of the cover blends into the description of the frame, and the description of the frame blends into

42



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,
has a t opweuwsfamwest hat is | ocated coplanar with or aboveprcChasoops88 of the
IC 22. Note that the connector 112, forned as a socket, is shown to extend
beyond each side 72 and 74 of the IC 22, but should not be interpreted as
bei ng | theidesdiption of thesacket. Henes; Heess xamplestiHestratnihaicthe eonnpptor { b B8y bss a

socket, may.be flush with or insi e.sides. 7 7 [ L Fl G
12B i | |@ﬁ%%?’éé%o%?fema’&%ﬁiqsé’g%ﬁmWé@f’%ﬁ”e&l}g eg‘g%’r{‘ﬁ%gtuéﬁ goff,gﬁ%b%ir:fed
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f or mi ngmatal,raadenaydtave any switdbteosharasteristiesi ingluding hwitlart limitagon,heingroaductive
perimeter the | C.22. In this, case he connector 112. f.orned.. ,
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bet ween Qhowiend powéReonddctd BRI et fethhiye dashed
lines 12 gsnw%%fmé}ﬂgn%gh%{ea%g%tll%wforrred agoa frame, ma havee a bottom
sur f acecdrhaponding signiledntacts O ant @otyet ¢comacP2p fespendivelg, oariedby Bstlvekn t he
top 68 and hottom 70 of t | C 22,. as represented. by dashed lines 124 and
136, * and amyiresly oa coprestar db 21 1P SR HRLT oBC pEyoE fiopylledh st
12Cill t:3s ; hd; ' intH16;, 2 GRENE A lRimakivély, iy med
as a fr%%éiﬁﬁ?%eagg/%i%&ggg%gé%éﬁﬁiﬁg%%Elbgg{ lcr)lrm%%, formed as aycover, a
f Hane otormesiOL k€2 mayibelfoishadadsehedaopples abaditance4d; itsel§ havimgsn inthgeks and
sizes that the connector 112 can have. No

eﬁanpl egamsi?ﬁwe istreetars: nhsselenalrmabies #18 ﬂg%%wﬁé{j@%g%l&% ?‘Et%n%gv‘%?’e
the Trafs BRERAE 1138y GErRE5) B 4380 dPRIAIR s BlReoRb e 2!

t he sockegliagetendstor ioaak Iamdir s ddobujdingabpacitade A2hwithoutrtegingrwiat tigletyebe

| ocated on any one or nore sides of the IC 22, without being limted to the
i |1 ust r gensiderédha Fangentianal ipesivnnect or 112 may have any suitable materi al

i n¢l udi ng, wit hout | im.tati | € el o . SiHckapk! e
C §r acteri s}tNilTilg c?’?ﬁ:qctf’& ilﬁig,m a&lﬂ}aﬁgﬁéfle!nfnga% zfit | o%, (ngﬁhgﬁglﬁgﬁ%ﬂlﬁgg% gr

noncondy¢s kyse al¥nell ahd/el ¥ttachBetCARERE tflctirs ifodidity) vafhoat hmitetiond tet dinceit
plastic material and carries appropriate sigﬁnal contacts (not shown) and

pover cbnarddild, atesher openasias 140 (HustratedinFIESp bhandh s fogmHg THTER &S8Cksh Ohpd

power caqontacts 92, respectively, carrie ' he
connect 1%16 R dysdor @%ﬁ@?}‘y %‘S ¥1§e'c ?p% e _dha%ocg; {(}g%%er%rré%n%e {%k}g&ii/ gﬁegé%lceypartts
regul at @at FDAALR3B (RO REctbh €1 TaGakplallp Jomiidagith e eenretords2.shihen in Fl G
2 above. Alternatively, the 10 connector 112 may be formed as the

dexfoup! nmghasgd deatanes echrle, witbeutflimitasion mjna pidees, pegtalpegs, bumps, and the like

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.

25 The signal connection 26 and/or the power connection 24 are electrically and
mechanically coupled to the connector 112 in such a manner as to align the signal cormection 26
and/or the power connection 24 with the preferred and/or alternative locations on the IC 22, as
described above. The signal connection 26 and/or the power connection 24 may be formed as a
conductor 116 or as a PCB trace 118, as described above.

30 When the signal connection 26 and the power connection 24 are formed as a conductor

116, the connector 112, a PCB 114 may not be used at all or may be used only to provide
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capaci tance structure. These two alternatives are described in further
detail below Alternatively, the connector 112 maybe fornmed as an assenbly
of di screwe opmstos4 provi ding the function of the voltage reguisat/asonodul e
38 and/ or the decoupling capacitance 42, w thout having what m ght be

consi dered a conventional housing. 15 The connector 112 may have nechani cal
f eat ur egedhanicakdtahilily fohtite coenevidr 11l Re e thimese, dihe conngctonl Bemay beypragiderrd asr
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fas th enel & khess ?h\le K 7) cﬁrblﬁhbc%cll sigﬂai?nd/@t beser intedfateh 32 pricferably ismagd toaupeidat e
with separate fasteners to aligned and/or attach t connector .112. 25 The
si gnal soImPEeRTidNCABORHAY W?%’e"%ﬁb@\@? a%ﬂwé:érp%ﬁoaggqiﬁeggqr}g@elyi @ﬁl“%ﬁ‘fé‘ﬁd
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si gnal he power connection 24 with the preferred

ang/ or gkdueritakd Ve hnag AbvOngioan typeeof iGeddnicalsfeatiis o abgmamliosecurd te €1 Ahal
connection 26 and/or the power connection 24 may be formed as a condyctor

. my b
116 or te canReBrtildcandiarghe aendyeior i L Higluding, withows lgpitsiionyoles. gepgpses, an

connecti.on..26_and t.he. power connecti : 116,
t he conﬂ]&g{ rthi‘q ec FI%S ?/W%%tcg%gs%uEeéggﬁeegﬁg%?&nu%;g@ggﬁg%%{ngnI y to
provi degdh3n0 0 80 BIDRpafRfeabistbté, 308PZ pifd; etraws,qrlzs,shapsl tligsyarfdothe fike to

connector 112. In this case, the connector 112 naybe considered as a
hol der flign 4rdor s€c @R tlaamating strusdrgonduct ors 116 that carry the signals and

t-he power to_t he | | f the LS _present .1 oVl hani

stlability fofﬂl? ngrg%fﬁ?}é&%qy 116115,65)? 1785 °t ﬁ‘eco eoéllri%lggtvﬁ_ﬁh tﬁggnn%e?ﬁ égg%aﬂeg e
somewh aﬁntéﬂfa%gqgg edy RGN BotbBRiatbd with thdxdanebtodl [Ehthe@onitadtdr 10089 ghefetablyray be
used to route the signal connection 26 and/or the power connection 24 to

and/ or foramdtabe sbeke22r aifiamg to helpdoltandialige the iatsled 132 aapishthere 22 e dhis

132" pr cPescalieynPaERt Rl b areany preaow Ehndte: PEIELa SBRRS |

22 an ORI AR T gl it 102 ot

Thoe the interface 132. The interface 132 may be formed as a separate part from the IC 22 or integrally
formed with the IC 22 as a single unit. When the 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

25 semiconductor substrate 60, as shown in FIG. 4B, as the side of the semiconductor package 62, as

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

round, square, multi-sided shapes and the like, and the interface 132 may be flat or may be bent

30 or formed to have a particular shape.
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10 circuit board 114 may have various types of nmechanical features to align
and/ or secure the I1C 22, the connector 112, and/or the conductor 116

i ncl udi ngwowssmsd |imtation, holes, recesses, and the [PCrajSor/busb2

mechani cal |y cooperate with correspondi ng nechani cal features on the mating
structure or that use separate fasteners, such as pins, screws, pegs,
snaps, cli psMatnidl propertiekef the intenfacgr 33 mpydncludesnlidss fridsmpestey 28le OLERGFe. 15

The intgrface .13 y.be u al one or .n.c |.nat i ' : or

115, e e ot 157 Y ARte hrl R A TR PR tht el BeEREREL 7 ),
the conneeholibld 2k RS 2 A e AEABRMAVARS oﬁﬁl?‘/lp@hni@bet@erfcbmgﬁaﬁda wiel p hol d
and alignthe interface 132 against the IC 22. In this case, the interface

132 i s haofheuiigvamtionnarthp B¢ package ind/erethe sheitbenrd 114 and 6ps8d as a socket
or  franme, with t socket ..or. fra formn Qut er [t . Of

cofinect GRIHISULRS. ¢ OHléarquﬁfaéﬂanrfl{T]%ﬁy B?,gésﬂ%?%&? ﬁg]ggtfgg?haf%(ga?sﬁtc Sé?f%‘% e 132
may be %g{e{ﬁf? sith R t(REBRIRER BAsthnt] 6OME & fice 132 uSing téthgaatald, Yresfi@s 6Bthewi t h

the IC as’a single unit. Wen the interface 132 is formed as a separate
part friite. Thednleffa@?]32 ey bafenicd eea $Bglormynitpkdpmraefanttedehusig | C 22 or
attached to the I1C 22. Preferably,. the.j nterface 2.1s forned as_a

separ at BayHpetuERg iqchniguesipclding, %ﬁ%“iuﬁ E‘mrl{‘itl?%. a %@ﬁ& F’Wled'}l]ﬁ farp %c‘d?ea 23 5

i ntegr 0 ' tnghg thiiite. TheikeHERE 3T erad3é May be
for rredaléaisc}/lk“%le egggtseg#?{)nglﬁ’cath gﬁ‘@%@?@?g%gmgg as shown In Fl G 4B,a§,as t he
siide of fortaed s£hiccamnd uedtaial padiffegmt 6Rterats. Iatiwwase of dEHifesnt matesialy, 8rstor as

the PCB 64 or 114, as shown in FIGS 4[1) or 4&, for eﬁ)arrgl e. ‘{h I nterface
132 maymeigkiel rma thecapriesrand g gpeand materig] fagsthe sighalgl/on ROV P Ihey?fr FEPY of
materials, .\Var,i ' f ih Aevy&yal
portio n%iatr?ﬁlf}ﬁ iféﬁr%ﬁﬁ%l g@%@@% }1 g{'d/és‘gﬁ)g?eg tp‘a%t!rj?iﬁ%t% ? b % ?ﬁ%ﬁég ﬁ"a%(g girﬁr#dﬁ t‘tﬂ?\% 11:1 ?’EZ , and
the i nt gyhraqehit] BReBolg], bl@tmaldedysyichel, badithe I&@. or formed to have a

particul ar shape. 44 WO 03/ 037054 PCT/ US02/30592 Materi abl prg ﬁééées of
t he i nt er f ac&ha geerfacy 13Rcthe signalsopiasts 90ja(l s theposyes sontact o agt g , Ao

erial of the interfac 3 ' i
THsTe Cpordpiingns Ref SRl AT Roy oY AR ol BLPCIEb BAL AR onBEAY 0 the
advant aggpidsioy 1 PE6FMhE r@fble@ircEi0 FP hiaghearrahgdd in aavatitwyaf waysgFoweexaniplgtise i n

the I C package and/or the circuit board 114, and easjer 5 rranﬁf acturing. In
sone apphiastaengements pie Bentacs prdibe antergacedj3g dpast inelude B IMERTIRY of t he

material, suych.as _.th lelectri.c, cons , | '
Ferper abiEs B PREHPa 2o pREt o el 0T bisoliact, Merf 5 o 36 forttf 10 R Rhce
singl e @8> Miethdd 32 MBI 1370t o thsdrRge 1BRRLIhaefavs I 3Dt @atuwi, gnés

I ncluding, wthout limtation, a |ayered buil d-up approach, a s%g%e&rce

vaouum depesitt ederimeridadh contact sx interthed 13 fir enmtast, and dhe Wee- | Hloage, t
interf a(igz 1%1%%7 bg%grntl)eei\i on the outer surface of the IC 22, PCB 64 or 114, the conductor 116, the
comnector 112 or the remote circuit 52, or be formed as an inner layer thereof. Electrically, the
interface 132 may support any type of signaling transfer between the IC 22 and the remote circuit
52 including, without limitation, single-ended serial, single-ended parallel, differential serial and
25 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.
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
30 reference to interfacing to the circuit board 114. The interface 132 is compatible with the various

types of signal interfaces listed in table 84 as shown in FIGS. 7A and 7B. For example, when the
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10 forned of the sane material or different naterials. In the case of
different materials, a first material forns the carrier and a second
mat eri al Worog®3tke si gnal and/ or power path. The second matrdarsozBgs9f or m ng
t he signal and/or power path, nay be attached to the first material in ways

such -as press fit, insert nol ded, over nolded, stitched, and thg | i ke. The
i nt er f aderfae 132 hecampatible with thecondetivs fymes stgmal intsriaee, dbminitace3%n the 1C

22, d 1 di i gnal ) 64
A R e N S T e Sy
be arr agg@skpbfd B MArdlhYwied theddtation6f thesikipl entdcRO0 tHayarotsmeatibing et s of

the contacts and the interface 132 may include, without limtation,
cont act comductivetybaoésigad intsoface W hewmtherinterfrescB 218 pompatibdg Wit the Gapedtiyace

132 to contact to interface, 132 .interf.ace 132 t.o jnterf : t
t o%i nt e?}fpﬁé’ S@QP]Pi?rfaﬁ?’éﬁ‘? H’éeé%af%i“’? Bre%%ﬁlf X??I,msaan%&f‘(‘)m% gllri\att%%? hé\gﬁg A t% gl?%bg%e
132 t0 QMRS cditdnPiiRl { a6@bEIRedeferi@bdaRickn@R AT e dabd €he dHERL Conthdi€90 are
interface 132 rmay be forned on the outer surface of the I1C 22, PCB 64 or

114, t herdfemblyohate df boctaltth grovidmenscidsrofthecanduetins nlatapneeded for grpacyive signape

formed as inner, | ayer ereaf . .El ectrjcall the. . interf 32
suppor t tréﬂﬁafg’i' yﬂg’ gper#%tﬁﬁaorﬁp%\gq}g?t%é}o&ggﬁm) H\éoqlq:f)ezarog}ﬁﬁ ? R (Jafh G Celgrég%%e
circuit bo%:% ijacl udi ng, without limtation, single-ended serial,

si ngl e-en ed1 parallel, differential serial and 25 differential parallel

siignal i ng. FiWhdiethe inthefaderit3eri§ emapad®® withl therindintivs itypsaif stgnal interigcgdheand/ or
the power contacts_ 92 apd are designed to optim ze el ecgtrical engineering
consi derllﬁﬁlif@ﬁ?slﬂdwﬁﬁ%ﬁ% ormg, & fencHRd ?UV@&B%@P%&PE% a@pgglgg P‘Eflﬁ%?nﬁl?lg%agat i on
del ay, §i o i ' 8hdr&i P EdYorRRoHERHivES
an inter g@%egg'e]fdv\tg%ﬁcqtgﬂg&lg%cggéﬁgﬁgﬁ%%%ﬁ%t@%rs 16, the connect or 112
and anotehgfent Gidt Bhémn)ain aheo YOS andbarodier asndhetiee élbmentviotsh8my af @roaribe cirenit
interfacing to the circuit board 11@)'1 Thﬁ interface 132 is.conpatible with
the var ibeal. Whenthe dntefaeeny? 15 perapatinde with the epficpl{ype,py sisngh IMIidch WA i n
FIGS. 7A and 7 - 0 1395

i nter f aé%tm%g f|%s2 lggﬁﬁaz’ﬁ%%“ pﬁﬁ%g@g%?ﬁ%%%agﬁély%ﬂ%? ag%éﬁ%gﬁ“ er %g}(]:e,
the i nt epfiafleighd’ inMicfoanaliodibieiElight Maneo nilltmhitivelynatia combination withghe
mul ti pl e di screte conductive segnents that corres&%nd to apd align.wi.th the

| ocat i orepGfalttiaesmisgienichamnel.dbe Eiteytice 33 may e gardia@lisn and(py fcehibe optittuct i ve
t f sianal .interf e | f ' bl e wit
ATl R A cp S i bBLRMHAC rdefdnd RuditfBass Bl @ritaliBicith

capacitis%,%1 I'nterrace, the i rface prefe y fornms a
di el ect rh&irARnaEdidd lifbeof sighaliihtalthe, tdiitletfade 132 prefembinforand transuissiab| e
predeterm ned thickness. In this case, the signal contacts 90 are

pr2d er aliing interfaceodr ohenngl ta proyidsprerioner igingdanse makeh keswemcthe e 24 pad e

needed f or agit.i,v i gnal ra > t [ ctive

Pl ates (6L BRI 4t BE iR as ool Yl ip iFel s chitbrSRAd
interface, the interface 132 preferably forms a radio frequency (RF) channel suitable for carrying
the RF signal from the IC 22 to the circuit board 114.

The interface 132, in cooperation with the package design system 16, advantageously
25 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
the conductive interconnection between the semiconductor die located inside the microprocessor
30 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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board 114. 10 Wen the interface 132 is conpatible with the inductive type
of signal interface, the interface 132 preferably forns a nonconductive
mat eri al Wews/gros4 sui t abl e predeterm ned thickness. |In tRrCI/usaysn39t he
interface 132 provides an optinmal separation between one conductive

el ement (not shown) in the IC 22 and anot her conductive el enent (not shown)
in or omompeongisescthe integrifaiod theviignal.t Hendenthisy donstenctiop maxinaizaph ke PeIfarmgnes aghe

optical type of signal. interface he 15 interf ' ferably fornms an
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signal s dieélﬁﬁé?e formof nodulated |ight waves. Alternatively or in
conbination with the optical transm ssion channel, the interface 132 may
be used to alRI§n12dAdlwtrafes thesconhectopt liZe irmed pgym ap et Hehaxeia ihe ¢panpeetonbl Zohag
the circujt board 114,  \Wen the.interf 21 onpati bl e w .. 1h

Lt shem SYleaIe b eF b beYord carianior v B TEer hE R 2Tl deaepeY it oPist,
forms a LSt lohnghd Wis&r B th&18 Weeled FRSP KA 1@ bdowrRPEr
inpedancagsﬁpﬁ??ﬁ&ﬁg?g\gglﬁq?%’ %Ig%%e{ﬁgefphe circui te bogrd 114. 1\/\hen the

i nt er f adettdB270 of thohPaLi Breferablyhtht lvenvictoe [1 &2 otnpgbasaf covery satirounds el fouresides

the interf 132 f bl y f dio.f RE sui t abl
e e P2 Bl e ALY Ll B La%0 L BN  h hapnehgsu tabl
| nterf a%%n&% 112, ROPRELES bV s bndififal RACK ARACULSS Bbub L dHPon the PCB

advant ageou permts the operating frequency of the m croprocessor to
i npy ease Ml t hout degrading the integrity of the signal. For exanple, the

interf 132, f ' dielectric materi d the . desj.
Cystom 16, 1 OIRL R8DDMIGIEPHD S FULEOR ST G R BHPAAC S  bdo A Gy Brher
en A PaRYCY fiact's o B
e to 1 uRnta hifed Mol Th ARk B e el Do T e con

t he semigeagival OIGdi 2B lIneaiteshe Reintketdr 1é2 Noanapasaceskar wR€ekrtte tdmector 112
not herboard, is mnimzed using a capacitjve t%{pe of signal interface. gh

1 equendys siequ apestzad bryongadssids BN odnelG Reues ey s cated
i _ ) .
cohbr om S dirdSor ey B2 diag ol o ot 4 1B 0P RLe b the

the per figp BBREEATD2. MPrafdiblg thd\eormesbr D2, fothdasanedkict, sorrbwrlsatlifogysidesed
to achieve high-speed digital signal designs, FIG 12A illustrat e? tlge
connect o214 onf sidadaringout of thenagesmnsrsiderfaqipg it hisdugehof thol (has Pustesahiy,

ts that extend d_each sjde: 72 7 | .
part t e pautegsi £7 BB TRT bkl in B iteSERD 4 sl B RAGHEE,
that is 4iacAbRdof hoiedt iMetacdd1322 Thetdohseck |10 foh@ied f0f doolet/ B bohefidial WiEnaRe

Preferably, the connector 112, formed as a cover, surrounds all four sides
20 socket is directly mounted on the PCB 114 and the socket carries the IC 22.

FIG. 12C illustrates an elevation view of the IC 22, as shown in FIG. 11, located in a
connector 112 formed as a frame in accordance with the preferred embodiments of the present
invention. FIG. 12C illustrates the connector 112, formed as a frame, wherein the connector 112
has side parts that extend beyond each side 72 and 74 of the IC 22, has a lower part that is located

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
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(72, 74, one side facing out of the page, one side facing into the page) of
the I1C 22. The connector 112, forned as a cover, is beneficial when the IC
22 i s nmouwped/ostiosect|y on the PCB 10 114. FIG 12B il | ust ratrasozsnset evati on
view of the IC 22, as shown in FIG 11, located in a connector 112 forned

as a socket in accordance with the pref erred enbodi nents_of the gresg nt
i nvent i sides H8Gmd1120. iA rormeetar &40 isiispesstarcensror mare sidgy piethe zanete SEERE P2

wherein,_ t he c nnect 112, has. d 2
and 74 & e{%o?@}r%%%ggyge c%Weealb etogotnhg?tg oca@%@gﬂﬁ%gﬁv@? r@g %ﬁt%m
of the [&nde cirdiitio BB aignbiPRlor Patver inftfack $3$ ﬁ@ai@épﬁﬂw&hrometsﬁgmﬂs andlort t | e
above the top 68 of the I1C 22. Preferably, connector 112, forned as a

s ocket , pewer, oaspedivalyl, bétwigen HieddsB 114 20d the rerg@tg CHPHES?. aEREFItE CiEguit He theage,

% *| e bt DB IIR) b Bl LT A coph M8es RRRSRARE,
S| Qé}ﬁ&t i 19%0\9%5néc?1%ﬁrl@@ﬁ@veli%gmrégh&la@éétb?i@ﬁé@ funkfigns dndrdpRehtion a

socket ene lal when the 20 socket 1s directly nmounted on the PCB 114
and t he aﬁadogmis te #rer ICe22, theecon@e@@r. 1 12} the inteagd lilsthemlh‘hﬂefr istegtaterhcivqudly of
the 1C 22, as shown cated in a conn

frane | fieaeicomasiice 490 tniogrerE ol Tamgs GrER: G STRECebe ahgesclibed
|nvent| p FI G 12C illustrates the connector 112, forned as a frane,
wherein %e connector 112 has side parts that extend beyond each side 72
and) 74 of t hén hdidifladn, thasigaallcommactipmp6, formed zissnohdma@re]d6m ap P61 twhaenl 18y a

{1 ush® VRHIaSpIvs SIEPHlE PAMGRSB PR PRECT progs Ui iop b the DBaom Fleondinside) 74 51 °
f or med %ﬁ?&g Shrok Tn} um{e,edh[ gl Gtk o rﬂ@%b m@tﬂe%o%t%rﬂ P46dhﬁc9ﬁfe|siﬁe(§9l1ﬂ8 @fd 950 t he

PCB 114 Strates aneevatron view of thé 1C 22, as shown in
FI G 11ofepuphet difuitie. Prefmbly, diersigrial caettiomelted formed as efGR: trave WIB2ndr on
PCB 114 in accordance with the preferred 30

di f
| nventr dransfesesignatrcieiweqny the pottarp 709 fhedesang t ]P"eg‘%? I g%]%{sr g rgn}l ﬁ&ﬁcu%g?

ection 1 an
o bot t o e R Ve oGREES: 21, (it AANBHAGHARE) eplBed APcoiiflon s & 4D
A Conneqi(EE trad1 185 nidly bR @B esled B B anponddy mosiod el top 1¢hehe botxine 16 randithe 52.

The renote circuit 52 maybe carried by the connector 140 or gz ? rrgunt ed
on a PCBide(s) 148 and éﬁ%petherr@edﬁetclr%ﬂ %BPgeif?jﬁl?alV’ thpBP e GOBRETIOn A df FIREd £8 8

d ths it t |
Pop 114 canbicinre 1Pahlidh it B g B B 150 BEREThYEIS P B IREI ht
140, thepé ﬁé&éﬁ‘ Refectdf ,24tdeﬁlg%3p1ba4o tHelrembRroixcait 62 iscan dddsd gaaaire danisasti on

134 and the renpte circuit power connection 136 have feature
ch2( act shbwniie ETGS.unhand bfes thawike pﬁelamy(qf those two figures. Typically, a remote circuit

that is active requires power from the power delivery system 12 and a remote circuit that is

passive does not require power from the power delivery system 12.

The IC 22 and the remote circuit 52 may carry the same type or different types of circuits,

including, without limitation, microprocessors, digital signal processors (DSPs), memory devices,
25 audio-visual interface devices, user interface devices, and may be active devices and/or passive
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

30 made via the conductor 116 or the PCB trace 118. When the IC 22 and the remote circuit 52 are

mounted different PCBs, then the signal connection 26 and/or the power connection 24 may be

48



anal ogous to the IC 22, the connector 112, the interface 132, the PCB 114,
the integrated circuit signal connection 48 and the integrated circuit
power corweaBiosns#6, respectively, as described above. 1@cirrusazsispt on, the
signal connection 26, fornmed as conductor 116 or as a PCB trace 118, nmay
transfer signals between any one or nore of the top 68, the bottom 70, and
t he si dmbdd vidZheaovadudtdr bI6 orhea PCB2Pacas il Samy eash@ Gl withragopduaterdnoighoway, t he

bot t 146, d th id 8 and 0 of . t i it 52.
Prof o1 aBFna BISRGHAM B baeend L on 1 HDeaLPCBhCe 11 ace 116 and
transfers si @W@Q‘%@%%%e BRLLAM el vilhand Corilélot 140 ROL iRtk Léfinddlort he

renote circui ower connection 24, orned as a conductor 116,
formed fs bethinHe T a2 ahd theaemate circuRGB. tAlmoetivaly, thewynisetor d 1P kedithewonhestemy
one or nore of the top 144, the b02%0n1146,,a d t%@Fﬁsideﬁs% 148 and 150 of

t hédr enbd®may pe farmed 25 senagtte ety 3nd theemeeRasicacy All freash ofher. e as a
1 .
glop c ﬂlc"i s?ergﬁr_a%‘eﬁ%?gﬂ}eﬁgl?e%aﬁﬁ A %Ehat.n?cahﬂ %tt?dlhgﬁ Qi%acgl%ﬁle‘? n&g%g#ecgfthé QRmE&BPI &

e power connec ei ng cou to the renote

ci r cui t a2 bk attatheadsiaey fieablihe colktor $4Mot 20 shown in FIGS. 1 and 2 for
the sake of clarity of those two figures. Typically, a renote ?ircuit t hat
is active redheinserfasevid? maydeintsaraliy fermedevity beynteifagecl 38 p5 asmeleinterfage Lor
circuit,t j assive doe r LT . t r: '

oyt om 198 el 72 REE R KEmpRET R 5o AR A0S pkbRE % P MRCRNSETY
difif er epfay ¥ BEEn Al as Ghprabe piists and bt dicolanioMlll abichel iteredchtotiost, or used separately.

m croprocessors, digital sSignal processors (DSPs), nenory devices,

25
audi o- viVéealthé partsrfravschanicallyaitaghed to pashertharcanygeds ofdhe inigifpcrd §2 BRYEt i ve
devi ces and/ assive. . devi ces. break 142 in the PCB 114 illustrates
t hat thé&@%%? %Yf%‘ie?fh%ell’éﬂgafe&%? be the same or different PCB for the
remote Cir CuUiningdeh Wien tillgsthaesdRe ANO2 biitBtheeBmbie i€ B2 heXido aich oterrihad  on
the sane PCB 114, then the signal connection 26 and/or the power connection

24 may bidedy-sidederangemeie FE® idus notrintendedstio eHimitedgo spefean arramzempdn t he | C

cdiinect PBIFtEEAHE or 24 Hid e AErOIE SHTBELY By 2A iy Do e e 8
PCT/ USOZ, 30382, FIRERuifbIE, thE fC 000l Blcdembkiirhit 6h andiChivt bateReddfingemenohs

PCB with a conduct or ot shown) formng a junper between the PCB traces

118 on tshewslid fuethendetRURSFIGTA¢. Eorihecaltough PIGmh3 ibstiatesegpda oy cifqutiéee vibe h
th t 140 t . h.,the .l C 22 d. t
ci'rout t 1622 Ble mavts ergi g LA vt iiedd b i Spae 8P k0 "y
be for ”%’gac%i%alﬁg RAY AhRbRASH1Es Aot REDIEBIEARAR e dpéradd fogethedusity ®aekmet her,

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

remote circuit 52.
FIG. 14 illustrates an elevation view of the IC 22 and the remote circuit 52, as shown in
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
25 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
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

30 of ICs that are substantially dedicated to work with each other, but are packaged separately to
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separately. Wen the parts are nmechanically attached to each other, any
side of the connector 112 maybe attached to any side of the connector 140.
The i nt erveoe/0i®24 may be integrally forned with the interfracasi38®sas a
single interface for both the IC 22 and the renote circuit 52.
Alternatively, the interface 132 and the interface 138 10 may be fonned as
separ at eptimaize theanost aridéor peeforraarice af the individohlesgmieonduethr packages. éﬂd%lﬁié'ﬁlef
separatel y. en the parts are nmechanically attached to each other, any

si de of Iec%SHEdP & &F hé’BEﬁlI%@ 100 PUGEOPTOCERQR AN RERYMICUCHs of the interface

138. Al thoughidd @s, 18 17, I 8k abeact fMRstrfte 81 clR0ALidohGew SFRHedCO £idithe Rondiext
to each other In a side-by-side arrangenent, FIG 13 is not intended to be

| i mi t edcitamitsifs hs stovar ndHGSoEhor 14, Sach hayviigaydliage régulata@ modua3s epddeconpling
circuit 52 may have an hysi cal arrangenent rel.atjve t ach ot her.
exnpl coTpRETEAS SoRRP I SRR PR oS Lo BB ey ih i e oy R atts of 2
arr angegfegégr iﬂ"k%miﬁ@ Ol eakh of er&é"ﬁbkr?s‘?tg?é ﬂct érilﬁla'flsgfﬁneét‘ﬂon g&m&w povidricoat@iofr! G

13 illu €s on two circuits e IC 22 an the(em)te circuit
52), FI 48, tAdrdnsoté Oirctiitdigmed ednreotitre 134, it rechoteccimnitpomencainedtiont 1$6, the

Practical |y, mber of 1Cs and/or te circui ner h

géﬁﬁgf E FréerShare PP OF Y dheciop RERISPLEN IS5 Of L T A Bt Bty 2 PR s
escri be oV .

I Lustr 5@?61%1?06 r&rﬁ%&é"f&?@hé &g déls(ﬁeéﬁ%lﬁsgﬁf %&gl fogﬁégﬁirq 1812h& Yhd aredrot SFan &4 the

es an elevatlion view O he renote circuit 52, as

shown i gakelfGaritBin thesetigded. oget her in a stacked arrangenment in accordance
with the preferred enbodinents of the present Lnventio 4 .shows

conne ]E:t OL 14@he signphgongeqiien 204w the RQVYe Gprnestion; 34 aﬂ?@?ﬁbﬂi“é@ﬁ? & %P8 e or on
t t t ' | . | | 26
op o 8@§pg§£§no§1%ﬁgdre Jrife %(;C 35 0d tr&?@tﬁ cgcé?%’%i%??h@égz%@ 3F cl%ﬂf%ﬂﬁ%és@ Bive<O MBY

be rout n 'enote Clrcul Vi e conductor 116 or via PCB

traces (potes. PRRWBAILY, HleGignkd cadiRvton/26 ilis the povedr conmeton 2énsiy2e canpled to
power connections ZXthat may be possible when the I.C and the renote
ci rcui t oB@ommereudgsiafdhe Ka2 ed/or the revaote cixeuie?. a8 AfssHY "S- The stacked

arrangenment i.s advantageous f.or r . 0
o5 ot APk SET e e R SyPE UThAEGRE A BRAR BBt 54
packaged,$ 8B uplifs Yapabitart® 19018 AR IOV HsIEEd WPRISIA%92 2 abpté for Lies feh@ncost
and/ or perfornmance of the individual sem conductor packages. Such partner

| Cs i nclstatkel, inhe desatiptiomior EIG.ok3, Thednpdustien ebihs vakiegarapsipr mediieds4 apfl/es,
R e
o3, o 6 oA e oo ange gt spenedeluds
20 power to the IC 22 and the remote circuit 52. Solid lines represent the preferred path and the
dashed lines represent alternate paths. This synergy applies to each of the five figures. The
synergy relates to the specifications of the remote circuit 52, the voltage regulator module 154,
the decoupling capacitance 158, the IC 22, the voltage regulator module 38, and the decoupling
capacitance 42 in an analogous manner as that described above for the IC 22, the voltage
25 regulator module 38, and the decoupling capacitance 42. The specifications of the IC 22 and the
remote circuit 52 typically determine whether one or two voltage regulator modules or whether
one or two decoupling capacitances are required. The physical proximity of the IC 22 and the
remote circuit 52 to the voltage regulator modules and the decoupling capacitances is also a
factor to minimize the impedance and resulting voltage drop, as described above. Hence, the

30 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.
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present invention. In each of these figures, the IC signal connection 46,
the 1 C power connection 48, the renpte circuit signal connection 134, the
renot e ciwouws3pewer connection 136, the reference nunbersTiusn2/8d3e2 t op,
bottom and sides of the 1C 22 and the renpte circuit 52, and the reference
nunbers for the six dashed lines for each connector 112 and 140 are not
shown f Otherise, thoranadte cibuit famiustyus ifs pieseltageyeeelsior Teduls Igdandestirect i on
26 and ower ca ectl| n 24 are each illustrated as being coupled to
one si d&® 08}11?111%0@ lf.l’é)the remote circuit 52 for the sake of clarity in
these five i‘h&%@fge &g Asb ﬁ@hﬁm 381 A6 dSdoUpRhg EDARERLE A7) (REvARBE ol fi6r POVET
connection 24 may be coupled t one or nore sides of the IC 22 and/or the
renot e miodulailts4 ﬁﬁd tla:sdet(tQBIﬂmgtmﬁacaﬂamﬁdSS_‘aSe FHoeaeinfa paetidulay pag of thetqopdeter new
system b| ocks, | di a vol tage requl e 154 d decou

capaci t:lﬂf\?c%r%n ﬁ’[s & PIBPOSeR 8{5]%&3?1&#%%%? srke,o %%an?' o fhe aﬁ‘ﬁ%gfe 4404‘35?
reason R}fxﬁl fe&r& tP@?@rllpteh fltfdse %1eﬁen’953may-rltt'elobé’t§dﬁpéiﬁlt JafbfPhe t he
voltage regul at or or t he decoupl i ng capamtance 158

provi desorsigaier §12 vi 140 inbimding| witheutlmgjtatiab ohe nodhy) the 3@ keinahd{dréhe ftaoeas! i ng
capaci tance ,42 b |£&Eodu0|({1w variety of alternative paths to route the
si gnal sshayay g Fl 2R gn |C 22 and the renote circuit 52. Solid lines
represent thﬁxc@ﬁ%ﬂ%&?ﬂ soaaféie@aﬁsnwﬁ ﬂﬁif@?z 'ah@ rERBIeHBH: 58] A8hoFh ¢

pat hs. This Synergy app?l es {0 each of Ive gures The  ‘syner gy

r dlpat esFI@S.t13eord@eeichilmaingahsvalfage hegutatorhedute B8 and 1BPandtthe decolipbme

regul ator nodul e 154, the decqupling capacitance 15

he IC 22, th
vol t agecanagiianged? andda docated in the qonpecirddasnd A4Y; reg)ﬁataeﬁ}éﬁe é‘:c&’?ﬁ\nﬁé ﬁ’%h
|
Fegul ot IR HRHES cBRodil Ry R RS BRSO, Ok Seififry fiifent 64 106pRE (0

of the (e 2220RGrévide po@EDIoRhEICT 22idk dbstribydivithlréfyretled RrFIGNE. Welchaibedne or
two vol tage regul ator nodul es or whet her one or_two decoupling

capaci t abevesvigh referengs toddG. Hiihe prejasted pathyfophighivolfags lavheurrent ngwlltVﬁléf 1

t 52 to th I
amaet t SonbteigRar Srly'S4 b S fade RN ANORoTREYS OB B0 ok BCAREANN 3 ine
vol t age ylf QRdu@sr HRSE thdPOBRRE S 18 HRACH, thé B@oaplusgoapadltagaé uz_omsslofwo\roltage;
remote circuit 52 and the 1C 22 may permt the renote circuit 52 to share

t he vol h@ezumgmcawwimﬁumo@feeemm@tmrmwwb@ eerpsivcioy 1 tashen todhe o 22 aglagng
with the 03/ 037054 PCT/ US02/.30 e e
circuitVs ag?uﬁltgh&gge{i ROVERAY140F PRY Y Crogﬂiﬂugflgrg uﬁ%lgl}{f 50‘%@§&8%dib§r1&§ﬁ%

decoupl 'deébn%@@%ﬂhtréﬁ%cé&&ﬁxd @etnéqloutag@regﬂ%k aiddnlsBEdHbEbSBteri B eadineny i ng
capaci tance 42, the voltage regulator nodule 154 and the decoupling

calfaci t amtpiedﬁstha 1@ 28hs\ww ivnltagephighicuutrd popar viadiie pdveer conprstionp4 using the

conductor 116, without using the decoupling capacitance 42.

In an analogous manner as describe with reference to FIG. 2, the power delivery system
12 is coupled to the remote circuit 52 to provide power to the remote circuit 52. The preferred
path for power delivery is from the power supply 34 to the voltage regulator module 154 as high
25 voltage, low current power via the power connection 36 using the conductor 116 or the PCB trace
118, then to the decoupling capacitance 158 as low voltage, high current power via the power
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

30 be directly coupled to the remote circuit 52 as low voltage, high current power via a voltage
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5 112 or 140 for illustration purposes only and for the sake of clarity of
the drawi ngs. As described above wth reference to FIG 11, each of these
el enent s weyosls7obocated in any part of the connector 112pem/usef3isez! udi ng,
without Iimtation, the cover, the socket and/or the frane, as shown in

FIGS. 12A, 12B and 12C. FIG 15 illustrates an el evation view of the | C 22
and t heregalator anagujectoi remetE cirgyit pRwERCqnRectipy 160 asing the epndyator dHy AVitheyt wEng he

vol t age,.requl at.or nodul e and 154 and the decoupling capacitance 42 and
158 | oc@?égcqur?ﬁlflﬁga%agﬁﬁ%cg%ggg' 112 and 140, respectively, in accordance with

the preferregdigrhadyent SoigetrbaRbEMmeMile 38 iRt detiter [biverolaye highedurieat ¥
system 12 is coupled to the IC 22 to provide power to the IC 22, as

descri bpaveito bher decevnplingscapacifanc 138 viagowerseonnestign 188 asiaghe ¢pnduster EHrer, t o

Fl 2, th f h f hi gh .t | . ent L.i i
155t r onishee st AreciPihensnite Pt A B8 Tonst Pt R PR o0 Rl ' °
power conpgehbl 916, 3GitHbut Déng i okagwiieshafor kdduRy 1 M e\ feRitiveBS the iESouplingn to

the decoupling capacitance 42 as Tow voltage, high current power via the
power ccapaeitinice A2 Afryudsling lpevaltage highorurenGpoweralireetly torbe ramate clenit Hhwia

vol tage, high current power, via.the r..connection 44 usi t he .c ctor
116, Al BeVerdonBestion; (64N SHEhE 90@1@3&%@  PthpRuSTE the eftgss YFQQ%% %&P@ﬁgg
modul e Ak besdaahicksalsy. directly 20 coupled to the IC 22 as | ow

vol tage%@gﬁc%rlr%n% povvecr via the power connection 54 using the

canduct or 11Benvd, ihBIG. 1fsihegonhetatddd upyi cayry oajaibe valiegs ragulatonmedulgr?l ogous

7 Coupp oSt o 115 258 e S SR Skt LS
52. T ; : ae”
22 TheoRaghicad, shhih At BRYEG LR ﬁéﬁj YarkPndith@Mht RE1tRRWBEI S6P Rou R4 510

ge regulator 4 as 25°vol tage, | ow current power via
t he power the dee@plingRa@itusderig s drdy onedfitht eoltdgbGegriatbhmoRdB 154 anéthe1 18, then

to the decoug}lﬁé‘ng capaci tance 158 as_| ow V(i| t age, hi 2 cur.rent wer Vi a

t he powdgcoupbingeanarinced s, gibefh thegoliegsdatieipr %ﬂ?é‘,ﬂetlgl ﬁnéjglet go te
CiJ.cuit 52 I % -1 gh.: . ' nection 166
idng + FERsssdsy Thh gl kel Wb GG AEUEentl h Lebfong R ol £

r ef er enggndiderdtidas isludig withdudUmitagon liled 19pesaftbideeitslGdplalyedinrthe IG 22 yndrthe 30
be directly coupled to the renote circuit 52 as | ow volta

pover vianete ¢isbtiagd thetyppof sEngdveyacerisT esepripgdgeble ﬁlé@flgﬁ%% :17' Agrgﬁﬁjértﬁgt

L S RSBSOS AR oLt sl

38 may del i veng! pyvinelrhegsn clBi@ionGikw 6Nthe IQQBeI it fehteldanitsl agshown in

ST TGS, 13 or 14, cadh having the voliage sogulator shodulg 38 aud 154 ad the decoupling
capacitance 42 and 158 located on a conductor 116 and 117, respectively, in accordance with the
preferred embodiments of the present invention. The power delivery system 12 is coupled to the
IC 22 to provide power to the IC 22, as described with reference to FIG. 2. As described with
reference to FIG. 2, the preferred path for high voltage, low current power delivery is from the

25 power supply 34 to the voltage regulator module 38 via the power connection 36 using the

conductor 116, then to the decoupling capacitance 42 as low voltage, high current power via the
power connection 40 using the conductor 116, then to the IC 22 as low voltage, high current
power via the power connection 44 using the conductor 116. Also as described with reference to
FIG. 2, the voltage regulator module 38 may be alternatively directly coupled to the IC 22 as low

30 voltage, high current power via the power connection 54 using the conductor 116, without using

the decoupling capacitance 42.
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5 alternatively, directly to the renote circuit 52 via the power
connections 162 and 160 using the conductor 116, w thout using the voltage
regul at orwomdos®s454. Alternatively, the decoupling capa®crarsoz3es?2 nay
deliver |ow voltage, high current power directly to the renote circuit 52
via power connection 164 using the conductor 116, w thout using the

vol t age r egulnanmalogdus mafifet as desctihe withaafgpincatp Fl&p 2cthepawer dgderyigystaance,

in FIG_ 15, th t 112, |y, t | t . t |
35, onl i eRRPIaR EOUBT PG eCHE AP TPV Pogie IR N SR by TRGUFERH
modul e ]?% D oRe dglﬁ%% & #:8H thERRAR is{q%?ﬁ 84 42 the FohgAebilator ARDIGRMFAG: Righl 40

may car nei‘t her ol tage regul at nodul e 154~ or the decoupling
capaci tedsltage,16®, cuprehtypawe vid the pewentdnageionsuisatgthe pontlvictor 157, thendtotthe

decoupl i ng capacitance 158, or both the voltage reqgu)ator nodul e. 154 and
O R MR o 2 A SN L Rty R R o

depends ri N I i At I i 1 ;

et o P B0 R 70 BEh kO the GBS cHEhE b QDT BOIALEL 18 clircal Biver via the

Ci r cui t p&wer dofediippd 66fusinigdinatonidndter f B eAlss damaatdgows nianngrak descaidbe ofith=| GS.
7A and gB, the desired characteristics of the thernal agenent stem
18, et creferarcede$86i hhe Heltageseguater modulp 154 akergatielymay gga‘é??t&ﬁc‘\??%t% % he
| C 22 and the. re i i e rach

e ng. TIROR e AERE PG Slabe, Meh ARrehR0M0er Vg Etedge Fhuidich: Bbahd to RRRHRe

capaci t gipsift pavarenddtoh 06@usidg Gt c@nteneICToWithdd vwing thd deconplippapacitings i n
accordance wth the preferred enbodi nents of the present invention. The
power dé$3.very system 12 is coupled to the 1C 22 to provide power to the

| C 22, as desgribed with refer ' Pre rence
to FIG 2, t teB}"‘ﬁf’ilP’r %‘8 VBE?%G r%%‘glgtr?% g}?ﬁ@c%%f‘ﬁ%@f&?lg@f@uwr ?@%?w%%?%?i very
I's fromybRer 8InPeNRtpBrPeIphcilithcé 058 fia podiet egmetti@l 2wsingithel vbiud®r Vid the
power connection 36 using the conductor 116, then to the decoupl i](n?%r?é‘é
tion

capaci t ami/er 17 ars altermatinsly, difesthhtodhe rematesitcuiioideyia {Hepaves COMSRERYDS
ckter 140 RRBE HEsBRaBan b Al g e BB e i ipade g cor e
ol or nat | vel 5 T e 3 o T ow 30 wol Lage, - hiah burent
power vidiretthetophevematenimeit $via powessangeetinn Wdrgingttbe canrgctopil ihardorking
anal ogo S RRINHS G aUe: B i FiPCh By O ARG GesoMTae SOATRECH S Rer dol i very
LT U2 A Y SR e S S s
supl y 3flytthe 'db@)u.lbﬁhg agrecitagel4d; arbotiothelveltagxiregslater gtodule 38 and the decoupling
capacitance 42. Similarly, the conductor 117 may carry neither the voltage regulator module 154
or the decoupling capacitance 158, only one of the voltage regulator module 154 and the
decoupling capacitance 158, or both the voltage regulator module 154 and the decoupling
capacitance 158. The particular desired combination depends on various engineering
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. 17 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 and the decoupling capacitance 42 and 158,
30 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
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vol tage, |ow current power via the power connection 36 using the conductor
117, then to the 5 decoupling capacitance 158 as | ow voltage, high current
power vi awDla/opowser connection 156 using the conductor 1PCI/USamsnsdD t he
remote circuit 52 as |ow vol tage, high current power via the power
connection 166 using the conductor 117. Also in an anal ogous nmanner as
descr i bEC @2 tds desaribed evitherefeveriek @ FIG. 2. hs destribagevitlerpftranasrio ffdd. dhemgferred

alternatively may be djrectly coupl to.the enote circui,t 52 as | ow

e ol b it BOWB g f P RIS 0 g TR ek
Circul t . powel: oSS 'Vfér{hé-gg’wéi‘%oﬂﬂe&ilaﬁ 36 QERYGEIPCR khce M 4, Ml to Wed d@oliiehg
decoupl 1''Tg capacitance 158. Alternatively, the voltage regul ator nodul e 38
may del capacithree42 ak iagepltdgeghigh unrenitpowpoviarthe powdreoderstionp ) nging disattBance
158 via power connectign 162 usi gt%a%he conductor 116, and/or 117. O wq usi

al Ber natperel 48, thenite dig I 3%as1aw Volipgs Bigh QuEgnt Payver yidthe RV B R CH R E 5 M8ns
162 and ' 1 i ithWefeRRBE 1PN, hBSolt

vol tagetlgegb%ﬁgﬁageﬂ%%({@%@?&&kﬁg 6e'r %gsto ?a\glgléflb?lb%%g]ltg\g%fgupl I Elg capaci tgn:?:gee 42
may del iepRiatbiomodiné Bagesy Heialbrmativelp diregityvemupledito SretlCy22 as loweroltagmbighci r cui t

52 via power connectjon 164 using the cond r 11 n r 117, i £ hout
usi ng t RETEHIPOREE ViedBRIPAY FCORBRIYPR 54 HaIng ?hqtﬁ‘égcﬁfé{i%ﬁ‘pﬁaﬁ“}%{dﬁﬁ awémoa}ﬁ‘& 158.
Hence, in,Fl G .16, t may carry only the voltage regul ator
nodul e yéfhowglbsl%‘ihﬁ dtgﬁ%l&’g@gg%oalglﬁaﬁ%ég%baci tance 42, or both the voltage
regul at or nody ke addogdid nididetaaizsgibengith eipanicttafi@. 2} Zhe [Riwdridaliveyy sydten

conductor 117 may carry neither the voltage regul ator nodul e %ﬁ%l {ﬂ(%r t he
decoupl ilAds eepdasi to Ahe wmaageirai 32 tomeodee peveere Feagmotesyisitodr Thp AtRtaTets

d the d | i i 1
154 and PEOHBRBTTRGS ot SRACEe BRTer hah il biEl PmSIRACIsARE,
depends ygRa 214w bEr&l PoWervia i piwe: @osidasBs6 asisg irAQRimg: 118, tHeatd the

limtation, the types of circuits enployed in the IC 22 and the renpte
ci rcui t ds@qupling cenasitande 158@adow voltases high cuse PAYCE Hadke POV £BIRSCHIN 690 F| GS,

7A and 7B, the esir characteristics of

18150t ¢ ngaheRCETsRd hapet f hgremion Sl sf Mph EIAE nEIRER IS YR AT, |
renote ?o%i" E&qxé&ior?%@ hePCH e 118 afd thoondedeh 16a\Alegin dveandlvigbage
regul at or nmodul e 38 and 154 and the decoupling capacitance 42 and 158, 30

r espect invaingr ad desatilewith reftrend0B FIG42, the ueltage degwdatonnodule ha4 piianivebgmay
enbodi nents of the present inventig he wer . delivery s i

coupl ed beglierdy F@‘Pi?{ tp&ﬁwemtggr%b%a SWt&Bag%?%uggywy%e%&%@ doftal®
PCT/ Usogégagét%?n%o&%% ragoté%ﬁem B&ertohhectih epenag e HelTStrade 1 WsardeBber | bed

withre nce to Fl G the preferred path for high voltage, |ow current
poy®r dedonttestyr 11%, tvithout usengobewdecosnling sapdditance 1§% vol t age

Alternatively, the voltage regulator module 38 may deliver low voltage, high current

power to the decoupling capacitance 158 via power connection 162 using the using the PCB trace
118 or, alternatively, directly to the remote circuit 52 via the power connections 162 and 160
using the PCB trace 118 and the conductor 116, without using the voltage regulator module 154.
25 Alternatively, the decoupling capacitance 42 may deliver low voltage, high current power directly
to the remote circuit 52 via power connection 164 using the PCB trace 118 and the conductor
116, without using the voltage regulator module 154 or the decoupling capacitance 158.
Hence, in FIG. 17, the PCB 114 may carry only the voltage regulator module 38, only the
decoupling capacitance 42, or both the voltage regulator module 38 and the decoupling
30 capacitance 42. Similarly, the conductor 117 may carry neither the voltage regulator module 154

or the decoupling capacitance 158, only one of the voltage regulator module 154 and the
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regul ator nodul e 38 via the power connection 36 using the PCB trace 118,
then to the decoupling capacitance 42 as |ow voltage, high current power
via the pwass/osmsnecti on 40 using the PCB 5 trace 118, theaTtusor/bmesot C 22 as
| ow vol tage, high current power via the power connection 44 using the PCB
trace 118 and the conductor 116. Al so as described wth reference to FIG
2, the desbuplipg capanjahes b8, npbiethéhed®liaay regulasirireeduds 1 3eingd the decorping oupl ed

to the I1C 22 as volta i gh, cur.rent power via.the power._ connection
55 ot gPRREnBC L Ehpa g A Ptttk RSeHES of bV a e "l e
decoupl édﬁ@id@ﬁﬂ?{é& ﬁlgmatﬁlhgfl%itha& Uit ARnAME RS WS cIRNR Rinpdsy cd 8§ Bei 10 2vinidhhe

reference to F e power delivery system 12 is coupled to the renote
Ci rcui trefidtd crquitch2;, the tppmef sigml iterface meadeaschowniin tabl, 84Tfd IgSeT A rnédB, Bt h

f .del j is f t h ly 34 th . J | at
modul o desiredsharragtisigs pf Ggehermahimater Bt HHRE LY Fie-h A FERer ¥Bnect i on 36
usi ng the PG naGe.d iRvadddElvib® dritfe ICIECAHIhE A8 BRGIE S 68 sHbh RSFTGEW

vol tage, high current power via the power connection 156 15 using the PCB
trace 118or 14)enct lmvirpea veltagt ecguiataunodd@ 38snd bW Woitedge p chidyistor Al 6 end 1pbwer

i th ti 166 i the P t e 118 d t
T16. ' Al tabicvely, SHSOUIDE SRIERCSS HJor BEH 0 PRSI S TG 2, ¢ he
vol t agerersﬁ&ﬂk/?i&g M&‘dhﬁce]v%]ﬂl f’fllei)‘?éfﬁ?%%éfﬁlgéﬁiﬁgﬂts opﬁleghés_%ﬁttihyerﬁilgﬂpﬁﬁg pbRet he

renote Citcui as | ow voltag current power via a voltage
regul at gglivepdaylseent 02 fsassnpled to thed Ct22po wesvidopoves tto tre ICE2, asdesgribddewiCB trace

118 and the 20 conductor 116, w.thout using the. decaoupljn apaci t ance 158.
Al t er nataferengg tole. ols dgreribed withrelerenssito G 8, Wﬁ?r‘?f%tﬁ‘?d/@?h f%\%lgibﬁ'(ﬁ%ﬁ&

hi gh cuyrent ower . 1 he 0, i A i tion
165 st Iy Blreert 8FRG dehat e ABRENE pODEBPR AL BIEA AR KRR IGQROBOSE |
renote feffomict cOe¥iich S6BsipOMRIcosOIBEAl6OMmEn IiRe dacbuplifig capmtitance A2 aPERY

trace 118 and the conductor 116, w thout using the vol tag{e regul at or %dul e
154. 25veltagey nighicwaent powise viadboppversgmacstiae 0 #pias thexopgycierst oy fen te fhe

val t age, . high current. power direct.l t I: it L ower
caneot PaAs Pauvelaes e Wetas bpPEEbe Y ety PSR B4 BB e poencld BT

usi ng t hgsvRldeag el Sat REREnERSFIE. 21 Btk Witagb gl udulg3 Smpabe hirastivehs.
Hence, 1n FIG 17, the PCB 114 may carry only the voltage regul ator nodul e

38, onl firedily coupledupliierl§ Lagsdoivtvalioge, high eyrreBicRdiver it e POHEORBeHoRGr

117" ray uniag e coBaedier [{iher ot A egeroapore e 2 the decoupl i ng

capac] L21S oA ol WIRHTLIOR e IO T 6 ot et 0

rexgul at ae isronhpled th Sde @nmbte tiscudichddapkdvide 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 and 116, then to
the decoupling capacitance 158 as low voltage, high current power via the power connection 156
using the conductor 117, then to the remote circuit 52 as low voltage, high current power via the

25 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
remote circuit 52 as low voltage, high current power via a voltage regulator module to remote
circuit power connection 160 using the conductor 117, without using the decoupling capacitance
158.

30 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,
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capaci tance 158. The particul ar desired conbi nati on depends on vari ous
engi neering considerations including, without Iimtation, the types of
circuits wopBoymd4in the IC 22 and the renpte circuit 52pcrhsor/gEe2 of
signal interface used as shown in table 84 of FIGS. 7A and 7B, the 5
desired characteristics of the thermal nanagenent system 18, etc., as
descr i baterimpgivelyndirgatis, to 1igs temotmeirauihi2rvin hglpoviceoprerctions 162 apd 160 asing e

renmote circuit .As_shown.in FIGS. 13 or .14 . .ea hayi V;

regul at Wdﬁﬁabi Eﬁz’ %%Qﬁﬁusi%%fthleg e E?’%e'_cf e%‘il}a%r %ﬁaﬁé&%r %QT 4 1';{%@1% ,dgé&u%%%g

r espect i bativanc@ A8 nB§RUPEH 106 vVoRRES highteeredZpowntd dird&ly 0GA¢ RehdtdIcitctOsaat or
112 and 140, respecCtively, in accordance with the preferred enbodi ments of
t he pr ependr conwestipn d64 uiing throseaducor He, mitheyt usingtthevaltagesegidaipr wadels 16fe | C
22 to pro§i ge pOﬁBI‘ to the I1? 22, as described with reference to FIG 2.
As? desc? Bedeshvp nﬁ%‘?pé‘f”éﬂ’é’g_ § FIG 2, the preferred path for high vol tage,
ow curr ent peues idleid. 48! tholoBndcRP1l B RaRRRo RHRR degifhidranddife 3DkicGe

regul ator nodul e’ 38 via "the power connection 36 using the conductor 116,

t hen t ocdnnectde t tligdriiethe dpaipling capadizarnms 42 oWimilalyt, gpecondigior Khiroaemgs thower
via the power connecti on usi.ng the c uctor 116, then to the I.C.15 22
as | ow WF%S@%%‘&HP’QWO@E}P rlgg@n‘ig\ﬁgf)nm%’fﬁ%g CHigHR Fheccgeﬁwgﬁl(nig(gﬁpa&htaﬁ%q 1;:?& t he
conductor 11 i g@oﬁf ' ' freh8RCEchR 58 42 shéwn IO  1Baga 4,
regul at or rmgh 'eﬁéggnrrg%v e aﬁ;iitg?ﬁé??vgﬂeﬁigﬁrgli{lrsect Icy co’uplsedw?o the IC 22 as
| a vol taphavinigghe Coltage néguavemodila 38 laad pHévcated ondlot PCB 154 andiierdgcoupding
conductor 116, wi thout usin 'tH@ decoupl i Eg g%ﬁ@m tance 42. In an anat:lhogous
manner eapagidance 8 andl p$ lacated in Fhegoppediqrd 12nd (49, 1ERRERvElL iR geqopdalge WA, 20
12 is cqupl - t ' It ' Wy 7 SRR t

ci rcui tﬁg%rgfgﬁé&)f)élggdelﬁe 0%5%1?1&#&8? H%%{l/\tﬁedr}l' ggﬁﬂ\?g%{/eias T %)}%nté;nbhg powe? su(p))pl y
34 to the 100l RGRoviEgPbwED tholl2E ad Béscaibedivith referintapeE1G. BwAcuies@iited patter
via the power connection 36 using the conductor 117 and 1 t he

éG, then to
decoupl raferenesiadilBatche prderzed nagivioy Sgharpdtagh il curptdIfeh WFB(ASE" R henoner

ti 156 ' h [ j :
0 vol page Shpbi Gt IR R AR midle 35 VEE Bok B RIS 0k icbi e
conduct gfe HAE trad¥ $18 arlll ARribiatRIOS thawdiEictds 1 UE slosn to eherddcbuplingf epasitaacd o
FIG 2, the voltage r.egul ator nodul e 154 alternatively ma%/ be, direct ld\\{l
coupl ed42 es {dve voltagephigh cirreniipowspviadhe pavsrspragsiion AP greferably aising fbaeendnriar o
Vol t 80e 11 €9k & Ghy TR R PRIE e (i itk o AEYEDOGRAAEC AR, AR kAT the

conduct ecoupl'irng capacitance

Al ter na?b%@% Vie thdowed|cbAgR tibs au paifaabadineahSortaytot 16 mer alleptivelytidge, the
hi gh current povier to the decoupling capacitance 158 via power connection

160 usi RER tiececdBd udsmas deserilnd witlssfaneng3p §57 03 shpeiiageneuitergpodule 38 may

be alternatively directly coupled to the IC 22 as low voltage, high current power via the power

connection 54 preferably using the conductor 116 and via the power connection 162 and 44
alternatively using the PCB trace and the conductor 116, respectively, without using the
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 preferably using the PCB trace 118 and
alternatively using the conductor 116, then to the decoupling capacitance 158 as low voltage,

30 high current power via the power connection 156 preferably using the conductor 116 and

alternatively using the PCB trace 118, then to the remote circuit 52 as low voltage, high current
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alternatively, directly to the renote circuit 52 via the power connections
162 and 160 using the conductor 116, w thout using the voltage regul ator
nodul e 15%0 odlos@sfati vel y, the decoupling capacitance 42peapusdzBiseer | ow
vol tage, high current power directly to the renote circuit 52 via power
connection 164 using the conductor 116, w thout using the voltage regul ator
nodul e fdbver via the poiver demectpin ¥§ rreforebilyt wainrgthe ser.lduqmgé@ andh altgrmtively usipe

duct 6 i th | t | at le, 3 d
195 car e BEH W EddBodpe HcisplRepysatien o€ dethpt ufpyeteRfite bk, &R 5k
carries, gtor%dh?@ﬁﬁaﬁ&%ﬂa@ﬁ%? TR Grebig caifled 16806 RMIRE EREuidSHaslakr | es the

decoupl'i g capacitance 158. G 19 is an elevation of the IC 22 and the
r enot e voltageli Higlb@urreas psivenwia iarvoRhgeSeglatoo motile to t@neig chcwhpoWey coneeafiont age

Capaci t et beatha SRARGEF T THalenruLy bring b o v [ SRel e

in acco 1 Jrekerred enbodi ments of the present invention. The
power d{gg?l\%cﬁly%ég%%éﬁ]ﬂ% i's coupled to the IC 22 to provide power to the

| C 22, as deateinbivelyw thd vokdgeregudaiot mofile38 nayAtelistersiowi wedidgaihigh curesher ence

to FIG 2, the preferred path for_high voltage,.|qw.curse ower delivery
i s fronPewer tethedsrevplingspyciancs & Ha Powe; e‘?@&d}g%ﬂ%f‘rfé’i%gﬁd{%&l %evi a the

power connect i - LS r hyel y
oo ¢+ FAREERE S af BEEhARRE et 8 opl fiec Tl of i fadicly Ao} LPRORLYE
Vbt agecirdiiD G tefswaoRicctibns 162eprpfevubly cingthetconduct@ 16 ek eltabitivalisi ng
the conductor 116 and alternatively using the PCB tr c2 é&S, Lh%n o the
| C 22 assihgthoRIB fges 118, grithout psing the yglipge r%l&ﬁ%@"éb\?gﬁ c MRS T

preferahQly using the co Of .1 i i iRt race
118. Al 8%%331%%‘23@??%%69&9?%&?%}%%@ R@g@%ﬁ%ﬁ@ 5 ﬁ%o“\y/% Idtﬂg%d r étg%{ at or

nodul e 38y viRQodek BsriRE o] 64 Stefebly WsitPthelcondictortihé ahCald@nativelyusing

vol tage, high current power via the power connection 54 ref?rabl Usi ng

the conthedt@B trades] Hhavithoat usieg {hewekagegrgdator Bedulsd 549 thesecoynlge capacianss
usi_ng thg PCB trace and the conductor 116, respectively, w thout using the
deléoupl i % capaci tance 42. 25 In an anal ogous manner as describe with

reference tofeh&, iR FIG®, BRVETB dek cxeikey the)oltass reg@aios module! 3ctntlahé smneennt e
circuit 52 to provide power to the rempte circuit 52. The preferred path

for powdi?2 datiey theylereuflingroapaeetanedd: Smplptly, tl;:,qP@B lxearsiss thigeoltagy m@.{a&r
or ef er aBtuict Hgtties prasrioh e Srae g Lol e uE 18800 he conductor
116, then top} kesdecOYRlhA99 GRABLLEANERapRB ARG 420 WouRl iR dR, codlechirgiag tikieent
power via the power connection 156 preferably using the conductor 116 and
al 20er natle/foriy of ah MgegiabcdpaBtdroaeehurality of disaretecapheiforespidared fireotlytto % as | ow
vol tage bowelg (r:]on(éaltjcrtsr &2n ton thSthop 68 and/or side(s) 72 and 74 of the IC 22. The decoupling
capacitance 42 receives power from power connection 24, formed as the conductor 116, viaa
connector (not shown) mounted on the IC 22 rather than from the IC 22 via the PCB trace 118.
In this case, the connector 112 includes the decoupling capacitance 42, the IC power connection
25 46, formed as power contacts 92, possibly the solder electrically coupling the decoupling
capacitance 42 and the power contacts 92, and possibly the connector (not shown) connecting the
conductor 116 and the decoupling capacitance 42. In this example, the connector 112 represents
a collection of discrete parts assembled in a particular way rather than a conventional single piece
structure such as a plastic cover.
30 FIG. 20 illustrates an elevation view of the IC 22, as shown in FIGS. 11 to 19, having the

thermal management system 18 and an electromagnetic interference (EMI) emission control
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WO 03/ 037054 PCT/ US02/ 30592 power via the power connection 166 preferably
using the conductor 116 and alternatively using the PCB trace 118. Also in
an anal ogwossnser as describe with reference to FIG 2, pciaSepbdsage

regul ator nodul e 154 alternatively may be directly coupled to the renpote
circuit 52 as low voltage, high current power via a vol ta%_e regul at or
nodul e dystemedfbineccondandetwittothe prafomereanbastimsnts 66the pegsentdbysatigsi FyFiGhelo, the

conductor 116 and alternatively usi t he trace 118 ..w iLng the
decoup| BOWGT S8y FyieR 125%.63 letF%{]e?%SIti?l If%ﬁge @5?@&83“?038]&}25’%{% pésrr"% ule 38
may del Vet ' £ khe RRFer tOnlcBEotSS ButDInk Agsheapiaes 120)ce
158 vi ado‘é%é%ipﬂ‘gghﬁfggt@%g%lag%%ﬁlg% erébley usi neé the conductor 1S:LG and

al t er nata2y b4, 126j B 4rdel 3BGR: tachoet dib8vrofor thel stk ofaddrity iy thediguess bptjareo t he
renote 10 circuit, 52 via the power c ncpﬁcti ons 162 preferably using the
coﬁduct@?eni@fbtod?eI&PW@?%@tfP%IWnorﬁgF‘ﬁge SI$9cB trace 118, without using the

vol tage r equbRl Bt IR U Radndnt st 1RIRNARN frkiRat SREOPhidHBRARIER ance 42
may deliver T'OwW voltage, “hig urrent power directly to the renote” circuit
52 vi a jpeMEEs £an0aedtispradd20pned arfadifyn 264, eecht tetgruaftrablyfocaied abewg the top
alternatively using the PCB trace 118, w thout us@%eﬁ}ge volta g8 | at or
modul o Gal e 1€ Aa. ddissRivehghespamal watagement syt 1eladss f et gy S
PCB 114 rrd t r ind12

2 Rl NhORNE o RGN A e 210 2eE belng

carries 'Ag capaci tance e PCB 114 carries the

vapt agepfe%éﬁlgll&fatedrﬂéﬂwﬂlel%&oﬂmm éfhiee I®PMect or 140 carries the decoupling
capacitance 158. In FIGS. 15, 18 and 19 the decouplijng cagogci tance 42,

| ocated in tTHbe fohheastsink 200epd thaescorxbhaahgink dPprowide s nath &g iha heabiohs t or or

a plurality of discret aci tors sol der i | h tacts
02"on ¢ fiEbaadrn o 2 Hares Rrbe Rt 4 ARt FAE. by Ehe ARYR SRR
capaci t agg s dihe SE&RH WRs: HVEN6 haPBe RRVEST BYINECH matedd, arfddreprtfasblymeade
conductor 116, via a connector (not shovvnz nounted on the 1 C 22 rathe

t han frofmtht T Gt hea sink@0P@Rd theseeontitgal sipy2QGinay Badeone ol s AR Yr 112

i ncludes the decoupling,.c citanc 2 he, | r i

f dored SeHEH BBRe At Lobsn piatry el BEP UL ARSI AR
decoupl iiGo.GRRAGH LARS66 Ay Hadk iiieyPOVRIesEANRESBiADly Bivd altislelfing thite
connect or fnot shown) connécting the conductor 116 and the decquplin

capaci t paest di2to travel hitsveex adijptenf finheAlematixely thefirst hesppiak 2P and thesgeadet i on
of discrete part I i ticul t ti I
i ngl o precik o o Brugt i AbSu Biieseruttet B dhOR B BaFEIVER oo
el evat i go bW #3:%‘%& Agﬁsalt ggf?esp@}fsi@hawnﬁe?at&ﬂe&&he Fikst h@atlsthl J00/indghé fezond

y

t her mal "manage 18 and an el ectromagnetic interference (EM
ermessi oheftGitk 206 may be secured to the connector 112, the PCB 114 or the conductor 116. The first

heat sink 200 and the second heat sink 206 are preferably formed as separate parts, but may be
formed as one integral part.
The first heat spreader 202 and the second heat spreader 208 provide a thermally
conductive path to conduct heat from the IC 22 to the first heat sink 200 and the second heat sink
25 206, respectively. The first heat spreader 202 and the second heat spreader 208 may be made of
any type of material, are preferably made of metal, and are alternatively made of a gel or glue.
Typically, the first heat spreader 202 and the second heat spreader 208 are in direct contact with
the IC 22. The first heat spreader 202 and the second heat spreader 208 are preferably formed as
separate parts, but may be formed as one integral part.
30 Thé first fan 204 and the second fan 210 force air across the first heat sink 200 and the
second heat sink 206, respectively, to draw heat away from the first heat sink 200 and the second
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57 WD 03/ 037054 PCT/ US02/ 30592 system 20 in accordance with the preferred
enbodi nents of the present invention. In FIG 20, the power delivery

syst em 12wotoh@3msgnal transfer system 14, the signal connectriusn2/a692t he
power connection 24, the 1C signal connection 48, the |IC power connection
46 and the dashed lines 120, 122, 124, 126, 128 and 130 are each not shown
for t hencandiak D06, xbspectively. nThefirst fag20é and tite sacandFan Al @may davoaryetyppef dasigh t o

f detai | ed design.. The ther [l 18. i ncl
[Tt - OIS (oRPu B A o5 PRLn A ey the 1 aeeTa2q itk b i b atids,
and a fﬂg% bribdy. %ﬁ?ﬁrs??%;z(ﬁ%mh LRb&d BhIM ohesatedvahave ideetraB 16818 the

| C 22. ernatively thermal nanagenment System 18 includes a second
heat sidtkned61 120 dr thketcondatinidby Tha dirsi das2® addbnstchedfansddlenalche d@@ednd a

second fan 210, each being 10 pref bl.y | gcated bel t.he bot 7 f the
| 22, apdéoriseeured fodhe C%Ii‘f%?%"?éégéh%lgéﬁel 1%@88@?8&1‘?&8?3%?#% 1%0@6#%%}&]8%9%‘9 pat h
for the I I i i ,
s showte e pffnd fun SYUS PRI FARAR sbisse plite PRy BT fRaasShe Rbeld
may be e of any type of material, and are preferably made of netal. The

first heat sink 200 and the second heat sink 206 ma hfavgﬁgne or re
poi nts of 15Tkwfitshbeat wprepdar 282, the figst hegi sinkLHP0 ag ﬂé‘d‘éé? ap @94 agiefsraine pos

114. The first heat .sink 0 e '

type of Catef e "Rk SParerg SR oL AR REIREIC 2R Gl hesl Rrdo kIR
thgvel bgtineRNiRdbam@teaf dphcader (8 Eaetotd heat ditie206 4rsl théecond ifank2 10Ge and
the second heat sink 206 nay be forned as a heat pi §1e cont ai ni n% a

mat er | aprefenaily bovateddn apstagkedarranggment usderibe hottom (76 @f thedk2atogsy DEE B3 si ve
to tenp rattﬁr? ghe first heat sink 200 and the second 20 heat sink 206 nmay
be secul®B P8¢ A& connector 112, the PCB 114 or the conductor 116. The

first heat $}0kc8R@neRdpicier208 ey NeAsrodids ke20GoPTB sipedlandbt yower ned as
separate parts, but may Be formed as one int egral part. The first heat

spr eadeint@6@edA?, dshiesaiedabioveedn thip cassdibe 1Q dsPHBrisnaband/empavyes itgrface 132

conductjve path to ¢onduct .heat fr the 1C 2 the . fi i nk 200
oAt nerssonbirstedt 81 SSrRRed 973 ot eainied BleVF tibpii BfiRbeNa 2050
and the 1?3‘?&&8%&'3??& PPiRadRL FPAdBRYHERE TRE SecBhd BE spider 208 malyelldoqrovide e
preferaB y nmade o0 1?nstal, and are alternatively nmade of a gel or glue.

Typi cal the,ICttbePdB sighallmedfor ppwesititerfag® 23 2ardyanthgeoyislyanavidesseach pf Bigdegnabog are

in direct_contact with _the 1C 22. The fjrs eat spreader 202 and the
second RARH{pr RYYE dpistaegnghion Wgﬁgp%fsgnc#ugrﬁ%cglogs separate parts, but nay

be formed as m@@eéoﬁgﬁgg@g{& £d20838nditss fidaf &fthé ﬁngm @kobpleteeamdi4 an 210

force air across t eat sink 200 and t

20 using PCB vias, heat pipes, and the like, to the second heat sink 206 located on the bottom of the
PCB 114. The second fan 210 cools the second heat sink 206. The connector 112 and/or the
PCB 114 may provide suitable alignment and/or attachment mechanisms for one or more of the
first heat sink 200, the first heat spreader 202, the first fan 204, the second fan 210, the second
heat sink 206 and the second heat spreader 208.

25 Thermal grease (not shown) may be used between the IC 22 and the first heat spreader
202, between first heat spreader 202 and the first heat sink 200, between the IC 22 and the second
heat spreader 208, between the second heat spreader 208 and the PCB 114, and/or between the
second heat spreader 208 and the second heat sink 206. The thermal grease improves the thermal
conductivity between the adjacent parts.

30 The EMI emission control system 20 is coupled to the IC 22 over the EMI connection 30,

which represents a path for EMI emissions, as describe above. The EMI emission control system
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second heat sink 206, respectively, to draw heat away fromthe first heat
sink 200 and the second 58 WO 03/037054 PCT/US02/ 30592 heat sink 206,
respect i vay3s/oFtess first fan 204 and the second fan 210 naycrasezansyztype of
design suitable for pushing and/or pulling air across the first heat sink
200 and the second heat sink 206, respectively. The first fan 204 and the
second X0amaRhe lavatgd oeoaie we mosweidesdihe ﬁézi?@Bd iSipreferapdy locgigd @aitly foyy sideg,

th
5 ‘and) o SECHdnt 15 Dbt BIC b 1A ERRE il s R, 0
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separate parts, formed as one integral part. The first heat
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f r om t hehick p2aidéEhesustablenti ghment angfoe atahn@0B8maehanishs dnﬁhJ@@a@etherﬂ\’ﬂ Cto PCB
si gnal and/or power |nterface f?gz as descr.i be t he

ICto PamssipgsaRtralsisiem Jomey be lecaied gu theiaside su tocg O itepfed Wiifing @76 mt
descr i be @t?) (S)I\ér?ace%?%ef éﬁrn%g&ér 2, CM%MP%EQ&‘BOH@M% §t@1%@@n'd%h&&ﬂﬂ€&6t Ve

char act 7 S 1O provi eat sprea Hence he second heat spreader

2§ mayar@ |p‘§6fe1&b@1\ffoﬁﬁed amph@tetmee&t aiegnedhanicallyalignedend smeadftagehelra@mg
advant ageousl y provides each of the si gnal and/ or {{ erfac function
and L heinserhmoddinglovier m&@ng dess Frhesnarss Glirs, @&Flvep%néég%f 558 ﬁ%’%‘ Yheat
to the PCB,114 or 14 20 using PCB vi as, heat | pes, and
the |i k&Y DPgIfera 14%? hagaag?né?ﬁ %06 | ocated on the bottom of Iot IEle PCB
114. The secqpgdefAnn?itos 6ltol siiter 20 omg Heantpki nk th2 (st liEhespraadme22omdicr2
and/or the PCB 114 may provide suitable alignnent and/or atfa nt. .
nmechani tesfirsidreabsink 300 mE;l\/ijunph@lS ¥2ragd 2hdaesnseivelpobikepiss: %*M%‘éfmn

spreader 20 t.he first, fan

206 andceretseghaOe e freldly droBeoBHREaAer AN aldis ERROM WSSl 12
used bew@gﬁ Emﬁﬁl(;u&?s BIthnkd 23 8f fefsdetifaat Tﬁ@EB/H(j&ﬂictloﬁﬁ)le RatyRisarkli 218t ~ heat
spreader 202 and the first heat sink 200, between the IC 22 and the seco?d

h eg} sp E@?mnt cz?guctb@tmﬁes(rjto Ebetr@eﬂb aehniseihe Espesiye Paol th EMIrF@lFféﬁl 9OpA"
and/ or bet ween the co
The t hefHfM gle A4 FrM'g F@Ez]ségont & 1? ﬁ%letowgrgds &ﬁj cﬁrlsilﬁ?edt §§g%{v{:}g %QS?IIE‘I ggsceegt

parts. peat sink 200 will be routed through the first heat spreader 202 and/or the first heat sink 200, then

20 through the EMI junctions 212 and 214, respectively, to the EMI emission control system 20.
Hence, the first heat spreader 202 and/or the first heat sink 200 advantageously provide EMI
emission control over the top 68 of the IC 22. Likewise, any EMI emission that is directed
towards the second heat spreader 208 and/or the PCB 114 will be routed through the second heat
spreader 208 and/or the PCB 114, then through the EMI junctions 216 and/or 218, respectively,

25 to the EMI emission control system 20. Hence, the second heat spreader 208 and/or the PCB 114
advantageously provide EMI emission control under the bottom 70 of the IC 22. The EMI
emission control system 20 is electrically coupled to a suitable ground potential via EMI ground
path 220 to cause any undesirable EMI emissions radiated by the IC 22 to be properly grounded
rather than interfering with other circuits in the area and/or to cause any undesirable EMI

30 emissions radiated towards the IC 22 to be properly grounded rather than interfering with the IC
22.
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30 The EM em ssion control system 20 is coupled to the IC 22 over the EM
connection 30, which represents a path for EM em ssions, as describe
above. ThwomMo3®ad ssi on control system 59 WD 03/ 037054 PETTUIS02530592 20
may be | ocated on one or nore sides of the 1C 22, and is preferably |ocated
on the four sides 72 and 74 of the I1C 22, as shown in FIG 20. The EM

em ssi on confi®I21slisstetasa0cromsysebiéonal viewed tlef 123 forpad asfa Isayek Bwe e

conducti ve terial .includi.ng, without .limtati.o tal, nmetal . coated
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control sj g Eﬁ%{éce?o% {{B %ol 70 thedlC 57 S PR cIhEctEDD of MeSgdR2GantH

system may have any suitable form shape and size. Preferably, the EM
em ssi othe@ORL( &d shoystiaMIOS. 4G, 584, BBA9AYIR. IHE ashile cTlus package 62nsips¢fersbbvi des

e e e o e et 10\ e
embedded, 'L%(?éac?g%%, ?ge seﬁgéoﬁﬁﬂ@co?wasﬁ&t@ 68hnd B voRBReSaLsrld 2. The EM
syste nd t 0

em ssi on control a e connector 112 10 are preferably forned
as sepagaicoriktos phtlaige 82 casrshowain EHE.14C, atd igtegrhllgrfdmsalcasrasinglogiethier usi ng

insert nolding, over nolding, press fit, sn . Cli adhesi ye, an he
li ke, and, aifg@rsemcpn@cw Sugw%o@ GRS @gé 8%882‘% PQWET f‘?@‘?{ g“’&’&? lg.zi’The

S, S B2 SRS L, SRl e o

202 and?y sin Vi a juncti

r gppect bMehd/ frotd the Mss®, oftthesemiborfiitids paagd 52 wathé bolsids s therseRitomdyctbe
coupled to the second heat spreader 208 and/or_ the second heac%:tﬁi nk 206 vi a

EM  j unpadkeges621Fhesignal dend frames20icpedt Yaveprrignabpad 250 {qcated igside tho 14 216

and 218 represent condugtiyve. st | e ' ive
part s ¢ STERENEROr AR o 280 diporeC eyl BrSebhiBbl WRREk: b pl SRR

di r ect edyf1oM@0dR chiag ofrisi@tthdamticsitued pickaBcnaet Gikpdsbeé ofi itiehottoheall  si nk
200 will be routed through the first heat spreader 202 and/or_the first

heat si sémzonductdreraciza@ettls asiowntie FENS. J, 9Bcanddrs Notothahthe signal qaniastscl( 4| v,

to th M 1 i ) | t 20. b first 02
bl or e T ghe SeRuESRRY B RRElh A8 et i Bt RIS 3h, HUERABEL kDY
over t h@igﬁ%&oﬁgac%f%t $36m ofre $Re O tHERIMhERtivE PlatdsMdagiell $&iuge withahe ¢capacitive gtped

towards the second heat spreader 208 and/or the PCB 114 will be routed
t hr ough of bignseconettiorats shpwedi table®yBofdiGiSo7 Atand 7BCB 114, then through the

System 20, reHERaE fee Bev Gl BT ACRR At Fas g iaisaped 2ok ol HgYS et 1!
advant ageashsuRE ez an%rﬂis;pebéﬁbrptﬁeftcfp%f SRR dhAG: HOkEAIHT tnaf gober | C

22. The r ol stem 20 is electrically coupled to a
suigt abl eoftactond Iqeatedrniiside the aerfbvbndycton pdckaga 68 ag@ dispesed gudke sdg(s)udes| Habl e

EM em So?‘ise(:)nrlli%orru%gitc%tp%gka%% 65?&5 s!hgw%zm %?Gg.ei gE}Oﬁ%%rllly P%tgr%gij? %Le power contacts 92
are located on the side 72 of the IC 22. Alternatively, the power contacts 92 are located on the
side 74 of the IC 22. Note that the power contacts 92 are raised and outside the semiconductor
package 62, as described with reference to FIG. 8A.

25 The semiconductor die 58 is mounted on the semiconductor substrate 60 in an upright
orientation, wherein the top 232 of the semiconductor die 58, having power and/or signal pads
(not shown), faces away from the semiconductor substrate 60.
Signal wire bonds 230 connect appropriate signal pads on the top 232 of the
semiconductor die 58 to corresponding signal pads 226 disposed on the top of semiconductor

30 substrate 60. Similarly, power wire bonds 234 connect appropriate power pads on the top 232 of
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rather than interfering wwth other circuits in the area and/or to cause any
undesirable EM 30 em ssions radiated towards the I1C 22 to be properly
grounded watoh@s7o6han interfering with the 1C 22. 60 WO 02C0AR0%30592

PCT/ US02/ 30592 FIG 21 illustrates a cross-sectional view of the IC 22,
formed as a Level Two sem conductor package 62 with an upright

sem corthes¢micondust@lic Hdtd sryrespandpreaioner pads 328 difposerd ek tomelsemieandaeior he
bottom 70 of Eﬁﬁre | C 22 and power contacts 92 on the sides 72 and 74 of the
| C 22, ¥BSEHe(Yy in FIGS. 4C, 5, 8A 8B, 9A 9B, 9C and 11. This package 62
I s preferabl g I@@(f ped s\ﬁna?aﬁc%‘f FORFER StaEAeE 38 9 &ib}%_(%Gd 68 KR Boftofn LOTEIGhS IC
package, as is well kno inthe art. Wth the LTCC package, the

sem compud@refersbifshe ataf66 132 dbrinse ddettiensiatiel bivingan appeepristadialecisic

package 62, as shown in FIG.  4C _are integrally forned as a sing|e piece.
The serfoBsidat At 6‘?5‘3%13%%%@?131)@%“ lélﬁ&@@%&%ﬁ?i&ﬂ%%’ﬁ‘“?&ﬁ%?@?& p%t?l%ft Pad
frames i r die 58. The signal |ead frames 220 and
t he pomaé%gP%da%qﬁ?g%e&éﬁgg]f%g{a%gﬁcizgo extend fromthe inside of the

seni conduct oFI(packigerab? o @odshectinmiabiide adfthe 16522 donntedrad adicvel Peeckage 62.

The signal |ead frames 220 each have a signal p 26, locat.ed inside the
seni conwideendugtos Ragkase 62 ¥k adilipprskeuenndpstar fh@ggo Ve CPAEIHEE iyrpe bstrate

60, and_.a siqn gaded ' ' gc62
and_di el B Bp o S e e R s
5,098 apy 23 hoWRIEFIGR U, BES 4, §B)SIA, 0BNO@ahd 190Ths EC 25 irf FIGE 22\ the stine as

sem conduct or package 62, as described with reference to

Fl 8B. .
Pr ef er athi/desttieed for GiedlC PoimEdet 31 expepiibnt B éﬁr%ﬁcﬂ@%@rtdﬁégc’é S@ﬂﬁ&‘ﬁ% &ds)| at es
o R SRy, g B SRS g

table 8 7B | ar e power lea mes 227 each have
a povergRAsh 228e attQEabBRohMmidialctibe. ThEMransutématigpaekugs tiER terdgmdilspuis ed
on the top of sem conductor substrate 60, and a power 20 contact.

92,
| ocat edpoutrdiedouteti¢o Srrsiguherniacy dhanktheBowsr eontrcH; Pptrspertiyalys Relitfegri s) 72
ar‘ig 74 of s m'colg%agt or.%lﬁac.katg1 62, as shown in FIGS. 5, 9C and 11.
Prief er aBRYS thapa] PPRSHONETE">  are | ocated on the side 72 of the IC 22.
Al ter nati vel yye t Qi 90VRAe SRMEGERSto? dieRethhioratfReng Bwh fomsthelsenfidonductdre | C
22. Note that the power contacts 92 are raised and outside the .
seni consithstrate 60iadl@g22 BXacing tatesds thp semigprdnctas sebsiigied( 19 RG22 glAenegsinThe

i duct i 58.i t th ] t i
o oD st SR B R SR e S
havi ng g&%ﬁa@ﬁ&i LreSicBRgths M@BStorhP8d of W22, TRER $hedliphip sHentaien in FIG.

sem conduct or substrate 60.
20 22, the power and/or signal pads (not shown) on the bottom 232 of the IC 22 face towards the

semiconductor substrate 60. The signal pads (not shown) on the bottom 232 of the IC 22 are
electrically coupled to corresponding signal pads 226 disposed on the top of semiconductor
substrate 60 using coupling techniques that are well known in the art of semiconductor
manufacturing.

25 A second power lead frame 236 has a first power pad 238 and a second power pad 240
electrically coupled to opposite ends of the second power lead frame 236. The first power pad
238 and the second power pad 240 are each located inside the semiconductor package 62 and
disposed on the top of semiconductor substrate 60. The first power pad 238 is located outside of
and uncovered by the semiconductor die 58 and the second power pad 240 is located under the

30 semiconductor die 58. Preferably, the power wire bond 234 connects the first power pad 238 to

the corresponding power pad 228. Alternatively, the first power pad 238 may be integrally
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Signal wire bonds 230 connect appropriate signal pads on the top 232 of the
sem conductor die 58 to correspondi ng signal pads 226 di sposed on the top
of sem cowodwswsrs80 substrate 60. Simlarly, power wre b@edgisaBdsennnect
appropriate power pads on the top 232 of 61 WO 03/037054 PCT/ US02/ 30592
the sem conductor die 58 to correspondi ng power pads 228 di sposed on the
top of fantdwithtict@rresgatdiig miveer ad 2T eAli@nbiivdPCRhs fighpowenmdd @5 8 peayere
interface 132 is disposed on the bottom 70 of the I1C 22. Preferably, the

i nt er f aveldadte thecorEespording BeVeL R2d&eri al having an appropriate dielectric

5 constant, g, Qg@#@gﬁ a%g@g.ggﬁg%@mé@% e 108, bALRIHARSIESZ | Brdriade as

r
a separate pa to the bottom 70 of the 1C22. FI 22
i 11 ust r@hasctér CINYSEneaak heoeket, \uhé vumiortinyea hdat 2iak 200 asshows imFIGS/ diC, TA,

sem conduct or package 62 with a flipped.sem cogndyctor die 58, havj a
cabaci t$]3v,e10¥3y|5850¥0 Slilghalp andh2@r F%Eg%ﬂtm-tggﬂf @ﬁsametaﬁ aFg?Sﬁli‘g%dnﬁgﬂ't?V\er
cont act . i | , i .2:4C,
o on B gt iCoaT. S ERpty it S 1A B HGE 0 ASmARNEL LY (bRt
descri begréioind the hbde sadk 200. FI G 21 except that the seniconductor die 58 is

placed up side down, otherwi se known as a "flip chip" orient a‘{%i on ,ﬁg t he
seni conduct oFhelfha? isawerigihy aepnnecipel 12 formehas 3 spckpleasshowgrn G Edhd B or

design._Th ip chip,orientation r ir i . be
out o0 TotrnB SRR SRt BhiRa S S Ratlet v A i 80 BhS Aithaiolen, O

i Rodi f f%'é?%elléni@@exsm RaBsswhé Bottdie side bF Bletcophidotittiaki BOFIGIS, thent2dacef32t he
sem conductor die 58 that was facing amaiefronlthe sem conductor substrate

60 i n Feapacifigelysofiples onlytionsignnds boiweerethe 4673 wad dre ReB 44 hewustthe Ropeds 22,

, 1n. G 22, I | |
of the fvemedity i iae Y oreog 3 EORY el GRAY, e [t 52 bl i 8P 200
232 of { B lg:fﬁl% 30%&'&){[1}12, éijtﬂepa§£‘§d%a£ﬁfé 18 ariOdt as An MtégralPhriZek the bennpotoer

and/ or signal pads (not shown) on the bottom 232 of the IC 22 face towards
the semiZionductor substrate 60. The signal pads (not shown) on the bottom

232 of the IC 22 are. el ically. [ ed i i 226
igposed on PrBetisdckroretin b iGacin e Bt s e REIREbE feSlqinge oPo4se
t echni qul%%gi i@tPr@feﬁgg% 'ﬂfov}épf&\/&aﬁme& Hﬁth@?hw@f CcOHRBCINBEAO6N FRRIHATS 4ith .

25 A second power ranme 236 has a first power pad 238 and a_ second
pover pad 224 thepewer camkttioncdy firextd ko a oppbisiard 16n ddteriatively, posees irodPioesd

each | ofuire@oNREsaIERetHE P on Y ThoriRals 285 power CotikeiRA S it
as 2 PCB trace 116 on the PCB and formed as a conductor 116 carried by the connector 116. The
20 connector 112 is electrically coupled to the power contacts 92 via corresponding power contacts
242 carried by the connector 112. The power contacts 92 carried by the connector 112 are made
of a suitable conductive material, such as metal, and physically touch and make electrical contact
with the power contacts 92 on the IC 22.
The heat sink 200 is disposed on top 68 of and makes direct contact with the top 68 of the
25 IC 22. The heat sink 200 draws heat away from the IC 22. The heat sink 200 is aligned and/or
secured in its location, as describe with reference to FIG. 20 above.

FIG. 24 illustrates a cross-sectional view of the IC 22, formed as a Level Two
semiconductor package 62 with an upright 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

30 integrated circuit, as shown in FIGS. 4C, 5, 8A, 8B, 9A, 9B, 9C and 11. The IC 22 in FIG. 24 is
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di sposed on the top of sem conductor substrate 60. The first power pad 238
is located outside of and uncovered by the sem conductor die 58 and the
second powero3jpams£L40 is | ocated under the 30 seni conduct oPCHIESILN592
Preferably, the power wire bond 234 connects the first power pad 238 to

the correspondi ng power pad 228. Alternatively, the first power pad 238
maybe ith¢ sameid thatsieswibedIp0BE A6 22PCTIGSH2 c3epothat the privgr oqnitasts Feare located

correspondin 0 228. Alternatively, the first power pad 238 nay be
wel ded qﬁ?lﬂ@@oﬁ&@@% ng power pad 228. FIG 23 illustrates a
cross-secti oyl go‘(r&e%\i\éa‘affra&ﬁ@ziﬁla%%he FSwapaun28 BndihepoRibr caiddt D2 @ldopticatle

connector 112, fornmed as a socket, ‘and Supporti n% a heat sink 200, as shown
i n Fl GRond&tedat e3éh endofBBe pa@d; leddfBame 02). The lead Bame@22ds rowied thiouglethen F| G
23 is the same as that described for the Iggt%

el %nentS@HE"Pﬂmﬁ?tPhsth@te ainﬁ(‘,‘PG}EF@_u lﬁgleé@_r‘?ﬁ %ﬁi 17%1 ?g{,h%f%%#gaégcggéga%g%ﬁl?é& ,
and t h%%g@oé%eg \lﬁg& Iz%é’% 1&J£§62J§9d% nd &ﬁ%@hg@é@q@g&@wﬁ Qispdded dnOhERSh 61 a

socket The 1Ct sighal and/or power interface
132 i s deppt@piaBioesutsitateltd. dieywedet comtact 62 fieloditad ottsidmthel@nti¢pmdpepaepackage

contacts 90 across the bottom side of the connector 112. El 2 t he
interfa@?eafmskoé%@ﬁhe\i@]’98@5W@§H&F%pﬁﬂ@gggg’rﬁls OWRIHELH- Oh |o&319§, and

the PCB L14 hega 4 ﬂliié;foevfegvasﬁtagg 329&' fYEreith 1?119.s&rﬁ§:oﬁél&%‘o’% ARk 6B4a0f the IC

22. Pre?nélr bly, 't ace is carried with the bottom of the

copnect @scdded wigh tdfeen&stoFIGE PRI dhe ppivecwirpaond 234 asmerts pyirepmaé thearoweof
the connector 112. 15 Power is delivered to the I1C 22 via é&g power
cont act padomn the gent 232 effhe pemisprdistor dig,$8 tpghe porrgspendieg povermadafanl y, power

s del i ver edcfio Johg, ROWET, SONLACHS PoichAAEH: OR bRFeElde dR Plvot he 1€ 22

via the powe formed as a conductor 116. ternatively,

pover i sendlebhdiRic Package bR evifoaRIppedsensictRiuBdr eS8, havinga chymeivddypedofof t he
| C 22 via the power connection 24, fornmed as a PCB trace 116 or% thIeéE’CB
and f or sigualasterfacsomiiie bettorn 7§ of the I3 wyl Raveer copiAge 6 on thsiop pROL Fep 1€ 22,

cqnnector 112 .i ectri cal l u er- g
cggresp%ﬁﬁoﬁrgﬂ IBCSHQE %@’réé@[’é}é’ g%?%:’?rt; %12%1{')31‘ lﬁ)ﬁe c%{ri]ﬂfetggﬁslaigqlm‘)ll %tloglo(\)/fver
cont act §,,92.%abéd f6 YA Feincamse o2 and 4, 2xast forbelocafiorpofihé pabtrepad@28uct i ve
material, such as netal, and physically touch and make el ectrical . cagntact

wi th t h&heBep iwBiG.ax% msgite semicdnslupior diz 587indhaiaichin orkentasion; a5 desasdatton
e G o O
ggg{/ or ISERHEEHithRefebchic RFRIC. OB, TAS pBRELHIdRe2BhidlosREEIRRE thetsemidofdudtor
20 die 58 along with the signal pads 226 and are connected to corresponding power pads (not
shown) on the bottom 232 of the semiconductor die 58 in a conventional manner.

FIG. 26 illustrates a cross-sectional view of the IC 22, formed as a Level One
semiconductor package with a flipped semiconductor die 58, having a capacitive type of signal
interface on the bottom 70 of the IC 22 and power contacts 92 on the top 68 of the IC 22, as

25 shown in FIGS. 4B, 5, 8A, 8B, 10A, 10B, 10C, 11 and 20. The IC 22 in FIG. 26 is similar to that
described for the IC 22 in FIGS. 22 and 25, except for the type of semiconductor package 62
employed. In FIG. 26, the semiconductor die 58 is mounted on the semiconductor substrate 60 in
the flip chip orientation, as described with reference to FIGS. 22 and 25.

FIGS. 22 and 25 each illustrates an LTCC type semiconductor package 62 that

30 encapsulates the semiconductor die 58, as first described with reference to FIG. 21. However,
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FIG 24 illustrates a cross-sectional view of the I1C 22, fornmed as a Level
Two sem conductor package 62 with an upright sem conductor die 58, having
a capaci twoaswypes of signal interface on the bottom 70 ofpcrhso2/60522 and
power contacts 92 on the top 68 of the 30 integrated circuit, as shown in
FIGS. 4C, 5, 8A, 8B, 9A 9B, 9C and 11. The IC 22 in FIG 24 |s 63 WO
03/ 03706 PCillusBotzs 3680Ronecteramskass formad asasopbingionof ap geapglating n F| G

except .t C s 92 are located on the top 68 of the IC
22 Thén%m&%éﬁg%%ﬁ\%g %{]hg@the power pad 228 and the power contact 92
el ectri cal | yrh£oRRRe1R0 o Mat@ s D42 i @lviden@oRawe b “ERBAof" fEcoddianTimatekiand
frame 222 is routed through the 5 sem conduct or substrate 60 and up through

the si desing lhqud, pastefor ghbco@eustewnm epplirdalitegidy ever theryemiprrietopdis 2828 i s

| de th nduc kage 62 d f
sehi conateldmoRngs Lo Ry p B aaredes oot eyobe phgrSlrlitiub
sem CO%@E SppIR ﬁlﬁ %erﬁﬁeté&% i @ﬁﬁé&f&ueﬂar 3G L0 i St GOACKE t sides

package n FIGS. 5, 9A or 10A, and 11. Note that the power
cont act¢f tB2semieofidustin did 581aﬁdmalsaecrm1twtlmhtthfr sepacﬂt@g@%&lbsﬁ%te ﬁ@ descr i bed

with reference to FIG The r re.b cts jate th
pover fphenaavelydhg @Rpa@ggatg}g I’E“FF %&aﬂ apr‘éd é)Stﬂ? ggﬁondl nge
pover p&gug(ﬁ%luot!: F &F %° ThlthiV SkERbER AsE "d%%}pﬁ@&fo‘n%%e e u%m% Ehﬂatérﬁl 222
formed as a WO

sem conduct or package 62 with a i ppe
seqi conghingiletelyinafsbilatdsaie Bgnizowdhptridid S&aga;qstath@fsemmogdmton subgirata6® on t he

bottom 70 of the IC 22 and power contacts 92 8 the 1C 22, 15
as shown in Fhedgsat gereadpr 28 1s @l B’edgﬁ\glr% Co@t@f’té’i‘ﬂg‘ t}‘f%of’r‘f”rgfafﬁ g‘%‘ ®in FIG 25 is
a conbi pat.i.o H &Sm e tide nx&GE!
for thesqnggoqqugll;?rg tﬁ ﬂ%g\%rg% %?&éifegffgr Thg flglg:n%(gbsl dn FI Ga? 1%,2% has te he

sem conglitata@ineatile P&&eﬂablyt, tte Hehi S@r@ﬁblﬁl(nrlis feltldn phoe bpthedmsapsilatiog wiatdrial

reference to FIG 22, and has the power cont acizs 92 locatfed on th %g

of the 242 Qlaposaé at e perimstes ofhelsemipadusielic o8 by e epgapsy n%HWé‘?mE% 22
I der. .t.h.

[ng agg %&ﬁ%&é{fg@gf g WX%%R Igglge%ov% r%gclgj &aﬁa@teﬁé@@?f e Eﬁbahgﬁatﬁ{ggrggﬂfnglm

bot t om ﬁi%socfasé e SaAbia LS R hélalt eprofderr aoaambmmppmamaﬂl ofithe reﬁcapsﬂlatﬂ:lg 26
illustrates a cross-sectional view of the |IC 22, for nmed as %evel One
seni conthateriol 24aeti<hgperinetar of the pospieandistar disnth eanenletglvensapsulaissithy a

f l. f
ST g Rl AP Rl b
8A, 8B, 2%@ fray HEB1igddiCandldk sdBchedQo theNemiidonddctomsubbitate 86. Akemamélﬁrthe hedthat

described fof the lC 22 in FIGS. 22 and 25, except for the type of
saii congpreader 202 olegde séured in place by the encapsulatmg material 242 d1sposed on the top of

the semiconductor die 58.

In FIG. 26 the top of the semiconductor substrate 60 carries the power contact 92. In this
case, the top of the semiconductor package is represented by reference number 68 and includes
the top of the heat spreader 202 and the top of the semiconductor substrate 60.
25 FIG. 27 illustrates a cross-sectional view of the IC 22, as shown in FIG. 26, carried by a
comnector 112, formed as a socket, and supporting decoupling capacitance 42 and a heat sink
200, as further shown in FIGS. 12B and 19. The IC 22 and semiconductor package 62 in FIG. 27
is the same as that described for the IC 22 and semiconductor package 62 in FIG. 26. Additional

elements shown in FIG. 27 include the connector 112, formed as a socket, and the heat sink 200,

30 and the decoupling capacitance 42.
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enployed. In FIG 26, the sem conductor die 58 is nounted on the

sem conduct or substrate 60 in the flip chip orientation, as described with

ref erencewbDm®m3ls@St 22 and 25. FIGS. 22 and 25 each il | ust ratrasozsoshICC type

sem conduct or package 62 that 30 encapsul at es t he sem conductor die 58, as

first described wth reference to FIG 21. wever, 64 WO 03/ 037054

PCT/ US02/ 305Bi® decpaplinggrapaqiiages 42 @gluée%%ﬁarS&M(é@Yﬁplbf&@ﬁé&B pSFBE as a

conbi nat | n of r 202.
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The enca%l erw se top”, is a

conpl i agdhadTBinss 421|as il REoven i WYiafl.of p@sicRoradesigal Tho Idsécﬂllphﬂgyamnﬂbncs 42 is
applied directly over the sem conductor die 58, as is well known_ in the

art of &eprisedomlthsitop 6fwih tfedet 1% pady mave prdicalprly,, Ofltth@t(é’i"ﬁ%‘ﬁstb? heat ﬁb‘eﬁ%ﬁrerl al
is g@plled to the perimeter of the sem conductor die 58 and is

pe mtt to run down the sides of the sem conductor die 58 and make

contact w t hatig soRfEr comfbdfol 056 antbad AldneitdScotd &k draonieitor, 258 cated on

encapsul ating material 242 may al so be appljed to the top and sides of the

seni conehpobite sidéssof3Be deavuplingcapheitinaat?. perreiipewvet fiem AppPoveicPraRecHpn 2 do

| at t | et | at
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placed ja iy é)%gﬁer EQHHeBRL 296 Vi tﬁ@@oltafge A AGBo@fle 3$1eT§@§6c5@mpbtﬁér%nﬂ¢oeor58

The heat spr is preferably formed as a thermally conductive nmaterial,
s0h as2itemay alsPrafesreatviver fiohethh pawesqpplyddrvia g viotagrteguiater pragele Hyon he
encapsul ating material 242 djsposed at the perineter of the sem conductor
die 58 B‘)?’V’c‘i‘?é’%’ﬁégb%[ﬂr%‘t?ﬁ]ﬁcuﬁrra%gri al 242 15 drying and solidifying or by an
adhesi ve or E‘flé Y 8&@5 &ﬁﬁl@&?lsiﬂ&n&hdés@ﬁ@f%%rﬁﬁhaﬂQSm@ﬁ's@don@ﬁawer In
this case, e co |nat| on o heat spreader 202 and the gﬁl i cation of
t he encmﬁiaau ‘hgThewxcend pd»wazbznm:tmnés pmrlmdwstaéirstcpromh@r@m 2ohanka gacond e
58 conpl etel y encapsul at em conduct or i nst the
sem conBewedEmanaksdBat %reg%abliﬂd tp%?ﬁ%PPW@ tﬁ“‘f‘?ﬂeﬂ?é’ﬁh%%g § COBESIOLA O e
saned F&g@{e%st olAs tegg,g&a?zsbgf&l@ @E&)‘ﬁﬂgHﬁEpéorﬁH&ﬁ)hrﬁ%%r@ﬁtegﬂliﬁbﬂﬁéd Wethy,
hea der e secured I n place by the encapsul ating

mit eri athe?séé’orfdll @pasaiePlaté Ize6 bopsingle unhesuskes bpmetad slempdig bEnakmg Qr fcbrmmge
the top of the sem conductor substrate 60 carries the Oﬁgr [of0) é
this chstenay heformed gs sengEate Rise e PRt At gre ?;gcgcg%adlé( qogp]leggq SRS 089 uc 1ve

Lop of DIt SEmrisht L Bpe Aling 4 BEBkR LA sERREpETe: Riindre e

Cr 0SSs- S@EtHeFa pov e Boiecton 56 Gndthe sasond power tepmirh(2 56 the ssconddowgr a

connector 112, for med as a socket, and supporti.ng decoupl i n(I:; ? tEﬁamtahnce 42
ard a heeunesiiork258 are integrally formed with the first conductive plate 244 as a single tmit, suc

by metal stamping, blanking or forming, but may be formed as separate piece parts that are
electrically coupled to the first conductive plate 244, such as by soldering, welding, and the like.
The power connection 24 includes a power line 254 and a ground line 252, as are well

known in the art and as are referred to above with reference to FIG. 1. The power line 254 carries

25 a predetermined voltage potential and the ground line 252 carries a ground potential. The power
line 254 routes power to the decoupling capacitance 42 and the ground line 252 provides a return
path for the ground potential from the decoupling capacitance 42. The power line 254 is
electrically coupled to the first power terminal 255 of the first power connector 256 and is
electrically coupled to the first power terminal 251 of the second power connection 258. The

30 ground line 252 is electrically coupled to the second power terminal 257 of the first power

connector 256 and is electrically coupled to the second power terminal 253 of the second power
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200, as further shown in FIGS. 12B and 19. The IC 22 and sem conduct or
package 62 in FIG 27 is the sane as that described for the IC 22 and
sem conduwDas/opmskage 62 in FIG 26. Additional el enents psrame2B059F G 27
i nclude the connector 112, fornmed as a socket, and the heat sink 200, 30
and the decoupling capacitance 42. 65 WO 03/037054 PCT/ US02/ 30592 The
decoupldongectiap@681 Avitlethése ¢omnkaiibas, the fiist senduotivhplaie2d4 shites thrqredgierngned

d ducti | at e 246 ted dielectri terj.al t sh ,
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capaci tor d egfrﬁll'gt JRRudREPRE '2@? o?ﬁ{%%&&@ﬂﬁg chcliSnce W SRABEM oRB of hford Op 68

of the I1C 2 nore particul ar on‘the top 68 of the heat spreader 5
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258, located on, opposite sides of the decoupli capacitance 4 rmet
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connectDhe gdlye? hfeniiiys 25 Gelecteicslyvantaopiie pofvencoridves 9 werrespopging t@thewiodaghe
vol tage regul ator nodule 38 or rovide power to ar mte@iérc%ge 5%'. The
first pecteriabemibel’r2poderablyands top alithesenyerpdicios synshigie Y48t BRevE! B ond
power termnal, 257. The,s onnector 258 includes a first power
term na?enﬁg%{aiﬁt&rgacé%g%ﬁ%f a%%g‘\g/\w/élrl er r’rizcr%lél 253. Preferably, the first power

tgpni nal 255TRd sdobRd Eédduttiropie 2a6 N ertdetoRBib g tapaitandehie ihtlndds quewemore
termnal 251 of the second power connection 258 are integr Iliféorrred W th

the secguoundoetibersi2AS thatds preferablyornediwigh e seropd copdystiye gljch as by

st anpi ng, , bl anki n r. form.ng.. r i rts
that ar ]g‘e?f%%’?]ﬂ”@gpﬁﬁh%l% ff(ér%l?%%ﬁ h@%é@gﬁa%@%ﬁr@%&% i%\e/éa?ﬁ)%lpge%cg p%é{i&g}%?h as
by sol dgpimeai\&lupicado ticbitEcdnidi@ivelpldte Bilg aucti iebysetdunwgldingy ardethailifel
257 of the fi'rst power connector 256 and the second power term nal 253 of

the secThegpunémepberudifededtienllysentaciehp groasgd spnipets 2 aoarefpandingde the r st

o3t or g Bienfity o Bely et et e o B8 sk PElfir b Efor BTt 19
el ect 1 Rk th oGl didublr biRagd b3 les SRAGNALITER 2P al e 244, such as by

sol dering, wel ding, andr ke. The power connection 24 includes a power
| i ne 254 andPeefetblynthelpomer GEMber<5Qrapd e groudoembens 248 eregech fimed#sar e

ferred to above with ref to FIG 1. Th |ine 254 ' 25
2 pr eoFRPHITEabVES PRGESRObEGIe SRS g ey nerAd s Prr b3 U o g
potenti gf. fflfggﬂp@ﬁ@hsgg m%%gé&%@%nd?ﬂi@eg%om théifb&le 208 binigl Hapaplieance 42

and the“groun provides a return . )
20 spring members, have legs that are angled away from the semiconductor die 58 and feet that are

turned upwards away from the semiconductor substrate 60. Alternatively, the power members
250 and the ground members 248, formed as compliant spring members, may have arms that are
curled inward in a semi-circular or semi-elliptical fashion with hands curled inward towards the
center of the circle or ellipse. The upturned feet or the inward curled hands permit a solder-less
25 connection for easy and convenient assembly. The compliant spring members advantageously

reduce the compression forces on the IC 22 along the Z-axis.

The heat sink 200 is disposed on top 68 of the IC 22. More particularly, the heat sink 200
is disposed on top 68 of the decoupling capacitance 42. The heat spreader 202 dissipates the non-
uniform heat density on the semiconductor die 58. The heat sink 200 conducts heat away from

30 the semiconductor die 58 via the heat spreader 202 and/or the decoupling capacitance 42.
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path for the ground potential fromthe decoupling capacitance 42. The power
line 254 is electrically coupled to the first power term nal 255 of the
first powwo osmsmect or 256 and is electrically coupl ed toPChasoz/sesh2 power
termnal 251 of the second power connection 258. The 30 ground line 252 is
electrically coupled to the second power term nal 257 of the first power
connect or 25Bredierabliystheldectuplivaipacitanep4ddas s holeextradivgdhmopgl thetcenter pertiops3

f th d . 66 /037054, PCT/ US02/ 30 i - Wth
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seni condgEe seignsdhagireedy copad fishisat spreade; Z%ﬂo'fﬁfafﬁ%asg%ﬁ%ﬁ%n 8 gﬂ’&d’é‘flf‘}? T

pl ate 246 . qf -' paci tance 42 includes one or nore ground
menber s ° %46%%1?3‘?%%5%{3?%% formed with the second conductive plate 246,
sugh as by meGats Bheimesg sidblpanpidige assefblynviag ofithe systen H) ®o thed G2, med as
a separate piece part and then electrically _c4c1>,upl ed to t{]ﬁl E(g_ﬁlogd

conduct ifarened|astad e¥abTwe semicandusjoraarkage 62yrardediiy 2 congeqiprel 1% kamed 42 1P ound
menbers 248 el ectricall Qn 3 hnNg to
The 15 Brshavganin papekel At Aot Rebifithe AMALRS, PandOhEESREIN,

sem congdy&yRin BIS UCases ROSHB.OIA, oBs 90, eV,al2 Al WoB s Evimi2 0 Ultteatonpentnalde catiesas

shown in FIG 27. Pref_erably, t he power nenbers 250 and the ground nenbers
248 ar e talth22 Grotebpvas in Bi§ha8), dermesmsithgylene iyerssmiqpndugien pagkage as

rigid nmenbers, such.as pjns Q . | I: 2%, r
refber s EsoRLa cErEi s i b MEAr do BGE sl bl B o 1RO R

menber s prhaye) BRTohh@&kor 12 i30Ebesdd anae PCBM1 4N EThe aetcinkdA0Otiodisposed 58 tiznd
feet that are turned upwards away fromthe sem conductor substrate 6

0
Al 't er natcourdcyor tBe Apfmes notshown slireohoindfig. 2hdugisdypisalbestrched abe lpRihy as
conpliant spring nepbers, may have arns that are curled inward in a
sem - ci r@ﬁ‘l%‘?k%(?o%téﬁ -elliptical fashion with hands curled i nward towards
the center of,tNG,Gl5Cl © Qb thOfifst pdWe: depheiezhof Balihddechitbpowarar d
curled hands permt a sol der-less 25 connection for easy and conveni ent
ass@nbl yeonidttgorcIHsphnadogous po those shemnan FIGdYAnTlglustipdwer connector 256 is preferably

shown as an edge card connector. The second power connector 258 is preferably shown as a pin

connector. The system 10 includes one or more holes 260, preferably located at the four corners
of the system 10. The holes 260 preferably extend through the connector 112 and the decoupling
capacitance 42 to mechanically align and secure the system 10.

25 FIG. 29 is an exploded view of the assenibly view of the system 10, as shown in FIG. 27
and it includes, as shown from top to bottom , the heat sink 200, the first power connector 256,
the second power connector 258, a top portion 262 of the connector 112, the first qonductive
plate 244, the second conductive plate 246, a center portion 264 of the connector 112, a signal
contact plate 268, the IC 22, the PCB 64, a bottom portion 266 of the connector 112 and the PCB

30 114.
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reduce the conpression forces on the IC 22 along the Z-axis. The heat sink
200 is disposed on top 68 of the I1C 22. Mre particularly, the heat sink
200 is dweposemson top 68 of the decoupling capacitance #2T/UShp3isent
spreader 202 dissipates the non- uniformheat density on the sem conduct or
die 58. The heat sink 200 conducts heat away from 30 the sem conductor die

58/V| a the h@/h@h@qars@ésé’@ﬁ) lmlzp%sﬁ@p@ﬁhqqabparé@@@éi2|0ﬁ§wc0@9mqt@raldée Tho top 67 WO
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t he decogphttR8 fsiRRB&IctARGRoA2 MYy be elim nated to permt the heat sink 200
to conduct all of the heat through the decoupling capacitance 42. Still
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Level sem conduct or package 62, carried in a connector 112, formed as a
tid pi fom exobef trenfdunside osf dloktst ccmlddctwmi@tc 2#hgThescopd p%ger(ta]namlt?éﬁ@é 42

and a heat sink 200, as in FIGS. 4C, 5, 9C, 11, 12A,
108, *10 8000 PoTHRG ceBRFRIR A1S DG SonG BOWPHETR AL i dfe ERbUSMTL poRTestor

28) , Tohgpalapnt Igﬁwéra?v]ethéce%é%en%&dm £E bBAIAAR aRE: ﬁh@%ir@t@oﬂﬁfcﬁ%%la’&g
capamtance 42, to PCB signal and/or power interface 132 (not
shown i p44 Elb@has?ﬂ))urha'lleezmmhefmcdmarsnherdmﬁposed on the PCB 114. The heat

sink 200 is dlsposed on_the connector n i S .not rectly in
FIG 28, but Lih§ Sespsrcandustize platavdd. 9%% 1wl Rofatial, udé?ﬁi@ql*z ‘%

The Con %til?al 23‘% ][h%%,yt%gﬁvef: B&rlektor 56 WEfirsE &9&%&1&%2@ g’? fhel 'ISE

power connec ogous to t’hose S own 1 n II’St

power C endiretion 228 6nd shairefal mbﬂn}ders ghewimhagroand edga:ts:%@eﬂemﬂrfemh@ach d?ifthe
second power connector 25 8 is preferably shown in__connector.

syst em fourisies géithe ssendgongirtive piate i 67613 @ﬁ‘i—:ﬂ%&f‘é @rgmpaé da? @ﬁthﬁtﬁr¥tl?@“1% u r
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of the system 10, as shown in FIG 27
20 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
other at a predetermined pitch in the first power connector 256, but, alternatively, may have any

25 arrangement. Preferably, the first power terminals 251, carried with the second conductive plate
246, of the second power connection 258 and the second power terminals 253, carried with the
first conductive plate 244, of the second power connector 258 are alternately arranged adjacent to
each other in the second power connector 258, but, alternatively, may have any arrangement.
Preferably, the power contacts 250, carried with the second conductive plate 246, and the ground

30 contacts 248, carried with the second conductive plate 246, are alternately arranged adjacent to

each other, but, alternatively, may have any arrangement.
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and it includes, as shown fromtop to bottom the heat sink 200, the first
power connector 256, the second power connector 258, a top portion 262 of
t he connewDmB/0i24 the first conductive plate 244, the seconwsowsnsductive
pl ate 246, a center portion 264 of the connector 112, a signal contact
plate 268, the 1C 22, the PCB 64, a bottom portion 266 qf the connector 112
Bnd the PCB TiEocentel podmmAGHA M PoBepimc s BegsBlymoted foiues SAEI00 | s

di sposed on the.taq Qrtion ion 262
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first pawRIEd CINABSEHOThedEP pariidn DB of #eeBind2mNe 2 and tewkater Bafion T64 of the
portion 262 of the connector 112 has a hole extending through the center
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(F:) onduct P&ds Iaaptoéwl?ﬁﬁ(.’tﬁﬁrﬁvésesdéaé d S REPVESP Eﬁ%@f “’z‘%@' gﬁi’ f% éﬁes(geg él!rlé}ﬁ%owe r
connect 00258 39 dThE BerR SGRNGLIPRIEST thEEHnB@br 2572185 hdsheuif idlést260QieHe four

connecto 256 are bent upwards. The power nenbers 250 are bent downwards.
The firesdmeetituaifi ve plate 244 al so has four holes 260 at the four corners
t hereof. The_second conducti pl.ate 246, carrying the grou ot ent al

i ncl udes t heTh$ ?lgPﬁFS’SR@Pt Pli@\égé Fi’rﬁ?f&nﬁfg%nﬁathﬁ Fy{léStgf’YVgli te ‘V\}édrg(&é Eh(f?g&?dowta%,
the fir r ] hecHAGRRr BMREt ot IR B RltheSecdhBpowad t he
gr ound %%ﬁ%%ﬁ@iﬁhgﬁﬂkﬁghgggﬁ%gEg%nt%ct§Rb4§ exte#ﬁ fron1eachcof ?%e f our
si des oferhhialsEGo catried ndthahe fiest porafueti®4gfate PHE, dfiths secpudpowereonngridr 2385 of
the first power connector 256 and the first power term nal 251 of the
second Ebmﬁ?2%6%%@%@F6ﬁ3ﬁ@SHEW%b%%ﬁp4ﬂﬁﬁﬂﬁTﬁ .OWﬁésﬁPthﬁoﬁEﬁB@ﬁsqgﬂ?%ﬁe
bent do e - [ 4 Rasufekikinbol es 260
aﬁgt he ﬂgﬁé?ﬁ%g?enlg? ?%%?g’gfﬁgy'g@%’raggﬁ Jia@%{ﬁ%@ﬁ@% §ﬂ;)(())g/:ve‘i)(r: te}lrfa‘i nalng 255,
carried w t hThhBoBaapatictdutthe/@npbadel 124 formidg a sdeketf dsrshowp ovElG.d@Bract or

256 and the second power termnals 257, carried with the first. c nd%EEive
pl at e 2forming a fimwmefas shewn BWIG. ddhneetiestho Kg t,PeBaignal snd/QnRovgr Fﬁ‘?{g"é?ﬂ '

adj acent t ach ot a. pr f-'Fl i (AR i

connect Eﬂﬂe g% ,ml?ﬁftfonraﬁ%oﬁ% ?O\?]ggé}glt f-Jrrlaz;]ils Hg@%éﬁatrﬁﬁﬁ %%Qrgtrzél nigﬂegrnrr?rfllg1 I.gedé?ée%hg rably,
the firsBIOWRIthé BlteRRI132 25Berntvthe sigdalwohtacts9e (aecshodnyamthedbitom qiitl e

20 PCB 64 to align with corresponding signal contacts preferably on the interface 132 and

alternatively on the PCB 114. The bottom portion 266 of the connector 112 also has four holes
260 at the four corners thereof.

The holes 260 in the four corners in each of the top portion 262 of the connector 112, the

first conductive plate 244, the second conductive plate 246, the center portion 264 of the
25 connector 112, and the bottom portion 266 of the connector 112 are aligned with each other along
four common axes at each corner.

A fastener extends through the five holes aligned on a common axis at each of the four
corners to mechanically secure the connector 112 together as an assembly of the system 10 as
shown in FIG. 28. Alternatively, four holes, aligned with the four holes in the assembly of the

30 system 10, may extend through the PCB 114 to attach the system 10 to the PCB 114. The

fasteners may be of any type including, without limitation, screws, heat stakes, pins, pegs, clips,
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246, of the second power connection 258 and the second power term nals 253,
carried with the first conductive plate 244, of the second power connector
258 are awbpesiatoel y arranged adjacent to each other in treTasovsEdIpower
connector 258, but, alternatively, may have any arrangenment. Preferably,

the power contacts 250, carried with the second conductive plate 246, and
t he gr oundhgtikeohhefstenasgnayctersepaatewieos perie osabesralycormaed vithe partpf éheo 46,

are al ternat.el rka jacent to .each ot her, but te i may
have anSP&Fvh 5@%&9@’3@ %ﬁtl%ﬂ?ﬁ 6§JOEEJ'{§S{9% %@@% sc’f%’es‘ C%I% rﬁ{%ﬁ’/ Hheon
264 of {RRNGRMNEELDs dldlifiaRatiaf! RedeadilyViofRbdiih hERhit0AS pafiRREthd onhegei Ve
the first power connector 256 and the second power connector 258. The

i nt egr al13thamededicabpengags numting Heatarep op ot leas ang ethepportipe oE e werrastordi2. and
the cenjer.portiaon 264 of the. connector 112 nechanical |y align.,and.pmate

w Sh calihiserage ghe PRECEoRABE: B THELS as ORroN fsnt = aupiely Peie

term na%;%tenl Bt CRNNELERY adieBicAGRd AlBsRABRIISH gEﬂni'f: RH8ir\6e réulE but, laStbrrRavVE,
connector 256 and the second power connector 258. The center portion 264 of

t he conmeagtcmateldPassamialy tolf ¢het syptemol(t theiris pe2nanentlhassewhled dn dre s¢nge that it cannot

mechani cal | y al and mate with each . other to r.avi de a housi ng,
ot her wi E%dﬁéﬁémbggyl%“gg%%?gﬁﬁﬁ?&ﬂ% Pﬁtrhﬁlsﬁtelgzl&; for the decoupling
ﬁgf’gg' tzggcgt ‘i'ﬁﬁgi ‘?ﬁt&ﬁ?& {4 BRfitd B coftboR 11D 8nE MRMREE Bk 002 Bex@rciRBoh@Ur

our 10 corners thereof. The signal contact plate 268
allogns amlissggivalgsrefdreeditb ms thepootherbbandriermiss 2890, cargesrhay ofi thdcireulits thas tend
conductive plate 246, of the secqnq ower

. i | 258 d d
power 1ePRintsifaces siath. dderboard Lidipcluses %F#lgﬁncgg %{{5’8’2 ic %taﬁ?_g‘?‘)éggg@etﬁgtnt he
second gcgllf\%hoﬁ(? RRE Lo at e contis %&)Ig%lellg PG %gerfa!ag 182 ¢d PcBoAd 64,

ot herw OWn as an I nterposer boar ormng a Level Three IC 22 as
shown i fhchldes nfRiplaPOBstravel | 1K (eshawn infGaes) that di&trieatlyfcaupla thagpnditieve
bottom portion 266 of the connector 112, formng.a socket ,ﬁs s)(rsl:o in FIG
12B or cowaes Mmptshewmmn the PERJarhg yariougothey eircwits iptedactpg with ¢he si gnal
and/ or power .jnter . t i 21s
adapted to. DR RL AT 2o d0r o aRaR AtkBr R bR ey 8f u HECORRSE plds S,

t 0 per 4 hhethRisedttd eaniart pldd24616f the Hesspligncdpacitdnoe 4dmschowhén PIG.RCB 64
to align with corresponding signal contacts preferably on the interface 132
and al Ferthen hetelthat FRGt Rxdgesmot show Theat ppreedsin?BdrasisBovp 86F K- 2t7hd D GRHEES or

182 210 iae LAV, rRO 0l B GRIDER BE S8 e RO 20290, |
:‘O'O; flt oﬁ %g%z&% %ﬁéﬁlﬁg&i}ﬂﬁlg%ﬂacﬂbﬁ& BEeTId. 2PPElfisHs\Re filnafieh @ftbe hédspeadire02
20 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
25 22. The decoupling capacitance 42 is disposed over the IC 22. The decoupling capacitance 42
has characteristics of a heat spreader and directly contacts the top of the IC 22 to spread the heat
of the IC 22 throughout the structure of the decoupling capacitance 42. The power members 248
and the ground members 250, forming extended legs and upturned feet as described with

reference to FIG. 27, contact corresponding power contacts 92 (not shown) and ground contacts

30 92 (not shown) on the top of the PCB 64. The heat sink 200 is carried on the top of the
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25 connector 112, and the bottom portion 266 of the connector 112 are

aligned with each other along four conmpbn axes at each corner. A fastener
ext ends twooagbroshe five holes aligned on a cormmon axi s atcaamsh2/sfs9t he four
corners to mechanically secure the connector 112 together as an assenbly of

the system 10 as shown in FIG 28. Alternati vel% four holes, aligned with
t he fouwonhedtesliZn A henterstsgioniof thefhepheinigB0G geendmthnoughnihy hela iadle toRMOLEM t he

PCB 114 tach th t 0 to t CB 4 . f b f
oy ¢yt fmgtoe Ph AR R et fpitdfi LhBs iteod Mina AR AR D2 OF
clips, 70 V®31QBilfesRabltbiaaiia6o2secibith] vites of theasstiplyf @shefstedn MB)HRe

separate piece parts or integrally forned with a part of the connector

112. PrshoemablFIG. 2heThassemblyof sresysenmidindd G ¥is tergaareas dhasaspambly of the

Alternatively, .t asteners formsna r~Clips that are.integr

Fof med bt 10 i B A omieeiaheh bRPoy B eB adn Beostd bn B R ERAR! ot
engage {RyCHY. Ih%@fh%\rg,%@vepﬁleﬁpoefs%%tan@@fe GbIGT mBRbEAs 280 @fe dHBRMEGS L) 112.
5In this alternative, the fasteners, forned as snaps or clips, preferably
creat e anledssmebhd haofdss drel thatythe signalhsierfecenl 3Bdomasi liglegiivantibrial tapgpacitively
di sassenbl ed to_permt repail or, re .. hut, alternatively, may create an
assenbl soupte Ftlﬁ%al%Wé?H%q&h%anfiéh%géﬁéﬂgnt |y assenbled in the sense that
it cannot beydj Hleg 0T Hnfef8c ABREMB MO cdpaBitisy Siam 10.
The circuit Egg?c@{%ﬁi% carridgés&t g&tggﬁfn%g{%&rlnlmcand t he ﬁeag IJsailnlk 200. The
cilpcui t ing@aicd betitde ik 1522 ypi thalPICB T4 e¥ote that thedCR h4é ismmt pessbian FlGedlaulve

boar 24 sase: heiba IRt 9B 6t SbHAERVGEIREIALPe! TREE)-SHBHAg SRRSe of the | ©
correspond .to.t he d j t : : i f,
o CTh o oA RORC REL L PCEPTE AR Subln bl Ong CorkpBRaiRpslefifl collaBh BSE)

that el ggdvid)Crnihgohe pliRr silie of tidnidividusl capavitoac t Bhe(intetfaschiBrovides the PCB t o
the various other circuits interfacing with the I C 22. 15 Note that .Fl 29
does notlickisbie matgthlehaving e appropeiptertigPetic sensiant IePYSP RGFRITRERIRIET AL

3 howrontie e PRI 27 e Kot 6 offly SipebliSs GRGRUDLLTR BARARL BRTER1

spr eadep, 2@ Pp@s18hown in FIG 27. The absence of these two elenents in
FIG 29 illustrates the alternative described with reference to FIG 27
wherein the dbedapiuphing capsaiincad@as dispesed presthoBC 32 The pewerteembgss 248 andy

t he heat, spreager 202 in Fl G 27.and, t i , | cts
e e e D S S
descri beghmitt B2 b8 FRRE @okiactE BN tRDsi@td23thd 78I BtheIT 24, lab siellat @ tack side
cross-sectional view of the assenbly of the system 10, as shown in FIGS

280and PshowTiendCB fiohd sida(ndtsbowhke osiele 20013 carried onrtheiopé hejeppnector
provi des signal .. . . .
11% ancll %ala(es direct contact with the decoupling capacitance 42.

FIG. 32 illustrates a connector 112 of the present invention that is hermaphroditic in the
sense that it may serve as either a socket with a recess to receive the IC therein, or as a cover that
may fit over the IC. This type of construction is suitable for use with a Level Two type of

25 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
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

30 decoupling capacitance 42, preferably in the form of plate capacitors that include distinct power

contacts 248 and ground contacts 250. The connector 112 has a recess, or cavity, that is formed
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interface between the PCB 64 and the PCB 144, as descri bed above. The PCB
64 carries the 1C 25 22. The decoupling capacitance 42 is disposed over the
| C 22. Thwodewmsmwpd i ng capacitance 42 has characteri sti cs pafi/Eotiamb2
spreader and directly contacts the top of the 1C 22 to spread the heat of

the IC 22 throughout the structure of the decoupling capacitance 42. The
pover reepesios tiRi®nnegter 112ewithdumpoweseoatests 248 ang gioxnd gordsateAtbere disgesesingd

upturned .feet as described with.referenc Fl 2 ont . r di ng
pover | GBHLGGeaoGE Tt PEHORAS CaHaCURSEa: ManPicreest ot SMARGaLRTRAP RN, 12
top of &eﬁ% dﬂggteﬁ‘io rebBR e EAIC 22 tpetBR thép&dricbadcten4s hed RRndtorithes 730 30

03/ 037054 PCI7 US02/ 30592 connector 112. A center region of the heat sink
200 extaipdsvitthandungintacheortaspendimg pdveertapd op gronnd pontage 9B pn thed Conindlae wannero
to directly, contact top of the decoupling capacitance 42. FIG 31

i I?ustr%ﬁ‘é’}éué{ﬁ oWe & ¥i&ti3%e cross-sectional view of the assembly of the
system 10, agy, &%ﬁw%ﬂzﬁhgy 2138 be TORiRERIOIRIvEr, b shd¥h SehEineRallg ih FIE B30 i s
the same as the assenbly of" the 5 system 10 in FIG 31, except that the
power cthai fits bserdRe topeofdhs {032 ds shownhie BGd2s n7hisansanta,)theflecoppling C 22, t hat
t he power nenbers,. 248 and the ground er.s are shown as i nwardl

curl ed @Pﬁﬁta@ﬁ?j”ﬁﬁl}@“%ﬁﬂveﬁrﬁhﬁt%’ ﬁg of H‘éﬁg izl 2}\1?138? B A3 cf’%?%@“%f 8] %4c ric
mat er i 0 [ L] . i 2 diitdre (heB 114.
The. poe ThéprEBF Aikdbifiife o0, 92 5 g SR eI B Al

capaci t éome@bONE majt Blsb bt eshsideeedesovketnad stowinGn FIGalB.t InghiCBse] the. conpeator
that the PCB 64 is not present in FIG 3]. ,4n this case, th]g I][%hégﬂpas one
set of HeisshewmrpEgktassvsaldhe foadtresoiha ysidefithespckite A5 ookt S

i ndi vi dual ..capaci t or 1 : : der th
corres p’élﬁ(ﬂfhﬁgfgglileﬁ I£10§| ﬁcz: 8 g?@%‘%@ﬁkﬁ%gé ﬁléé&g?“f’h?%?%%g&%aﬁgé g%) fhSe&rlgbgisetzzldemf(l:)f the

i ndi Vi digttons DBEHedCS22 aHaahé pévesrad grdidd cpniavis @48, 250emalei cohmct carespratdarg al |
having the appropriate dielectric constant, between the. corres @Fdi ng
si gnal . pdBerqontaaistod dsposerbon eachzidgd thels Bognhis cess, thesigng Sé‘é’d’g $ive

si_gnal coupli bet ween t I i

cégaci tgﬁ%sgerﬂegig[@ug%ot%g%&; gfezlt%h%f{%a%%%aﬁh%gid&p%@é?e—g%ﬁgggg&%fgﬁ%nd t he
ground Hﬁﬁ‘eme 45010ck9EiEhAIg floRVBYiag Hamidrteddhugh trrtdttbandihe comeetot 112.
correspondi ng power contacts 92 and ‘ground contacts 92 on the S|§ies 72 and

74 of t Whe fiBt pAweneonmedtbr 23 andehe sasrRnd perEerTONNEHRIAT, HQFHAHEIET e si de

(not shown). The heat .sink 200.is. caryie 112
fnd makEaisptoB comg W OlpP e R AL e Sodhfn BASRYSE 42

i | lustrates @yGomEekiRitesldralRindtd\@omEasENt? thaMe frined at habvdrsuitebleviphisodi ti ¢
inthe sense that it may serve as either a socket with a recess to recfei ve

t 20 | C whthracievel Bwoamsmicondwater paskage 62, as shown in FIGS. 4C, 5, 8A, 8B,9A,9B, 9C, 1
12A and 12B, and the connector 112 may be considered as similar to that shown in FIG. 32, with

the connector body portion inverted have having power supply mating members of a different

style. Inthis 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
25 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.

FIG. 34 illustrates another embodiment of the present invention wherein the power

delivery system is incorporated within a cover member (not shown) that fits over the IC22. In

30 this embodiment, the power delivery system includes at least a pair of conductive plates 244, 246

that are similarly sized and which are aligned with each other in the vertical (Z-axis) direction.
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may fit over the IC. This type of construction is suitable for use with a
Level Two type of 25 sem conductor package of the type illustrated in FIGS.
4C, 5, 8Ayv0o3B/03®A 9B, 9C, 11, 12A and 12B. In this constcaatSomsns9t he
connector includes an external means for connecting to a source of power,
illustrated as a pair of edge circuit cards, or boards 256, 258 which may
serve dkhe twopleet arv eefarated by anlinteveriag gislesiricdayss eti0othe digtpgtac eenséant ard Plon

i itaple f wh b lied.to th . h
LT ey yhickrss hpREba e B ards § sOURR pirifide i ol suBRRRBEweE A L N
|t bbn¥ul ADAGH Boatis provided
GPDne | oA rbfmalipRtERE kb, bllferk O R 0, B e B s

a r eceshe bettors awifice,of thelotiom éapacitat plate 24608y to 3rubde ivdPnuUbeIC30892 as part
f th tor 112, with _th tacts, 2 d 0

or6 o spombacd AhpscaibepRy e U SETHESRER hapat Pt As R0 AR B
recess 'hﬁlﬁdéaﬂltépa%c?ﬁ%\jv@rtﬁd?ﬁ@ﬂgn(gWer RAePL toRtRRUERA ckRnd 8GBVaYEY fgn tHe 22 to

permt Phe power contacts ground ‘contacts 250 to align with and
cont actpiges 245 P46 dhddown wkmgahesides ditoeiipabagapteferalyon thetrentilevapd op t he

5 [ h i FIG 34. Th t 11 | o]
Cons! derlava ey llusisnahavirrems paieEe S5 R pioeed Bho TEh 2 P BBiSser ¢ he
f : . T .
top o %@g%égﬁmf%&f}oﬁé‘&v{ﬂe tSnthdtE248550 %fé Xﬁ"ﬁﬂ}{ ﬁ%&ﬁmﬁed sthRhaReRURbIIBY

t
capaci t I'sposed over thé top 6 C 22 and the power and
copt act withmrHektridf SsulafiPOntstiagstickcayra gagendi ng contacts 92 di sposed on

each side of the IC 22. Alternatively, the 10 connect %%% al s9 t%e
consi der ed aTlesekentacta24&25Rrre fprmpdin gashyof | tWHipiat?:sag‘{é}: @r@%‘%gﬁ 8 112
is shown right to.reveal.the. : TEALSIE t Ag)a
socior  edl padpieey TS tiguhe i SRblleTr 52 1h DpbRRECIEWRh 4R SACHEL shebi)
decoupl i i sGRABRGE ta 66 pfAided witis RosRAingBISthithatendbihirdugn both plhtes B4, 23622

and the power and ground contacts 248, 250 nake_coglt act co}gres.pongiﬁlgrﬁ,c
power camt the figtesenii dirdentiic yerdiorandithrlogfer merlajien yer 342 1/ particg of tha'iea

signal s woul d be transferred tIH.0 y i

silgnal Wte&enéglargﬂg%ap%gpe&%%| lﬁ%’gc ogl%?%%@?ta g%ggeﬂ%gg?%gﬁ%%g }Sgﬁlaeﬁg from
bei ng t bANGf SRt EDnti@ieal 4 RembotbRicahy tgbeonagbt osedtd Zit in fhhepéming enpower
connector 256 and the second power connector 258, shown as edge card

connect extsnd bemnecthetifdenngenargting srdaseiang thedeaigi®ind potential to the

that Ts or mlbeds & degyiamalvier afticy i BRLEA 9B 18Refimb bR v GATHRE Hovld
sem con ?('%%Eﬁﬁ{tg%gﬁtiﬁﬁﬁra@b% th&fel A botwebisthe 1¢Q2, fis pikag8Bl4 &/ thoBoweC, 11,

12A and e connector 112 may be considered as simlar to that
stown i defeB spEmwiAs showh & Elghidécthedowadysuisingileyer PRy abieaeansl S1oiaRi ng
POVET S gﬁr%c% Z%tolf’al% I@,e %c? arl(fdit(%gna?, b(ljllt grl;lgﬁeer",népenings 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

force required for insertion and removal in that the contacts engage the IC along a horizontal line
25 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

capacitors in the cover member which are formed as individual lower conductive plates 310-313.
30 Fach 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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style. In this enbodi ment, an external neans for connecting to a source of
power is provided in the formof two pin headers 256, 258, each of which
i ncl ude cwpMaEsi0s€L pi ns 255, 257 that extend 25 outwardl ypCrarsor/besozover ,
or upwardly in FIG 33. This type of construction permts the power to be
conveyed to the package fromthe top. Miltiple conductive capacitor plates
are f oremendimg thersfroppowtaerdy and-dawngardlyl thersfromt ity pasttondpr eqnast WAL PONERELSt he

present jnventign erein the power delivery.systemis |ncorpQrat it hin
a coveroﬁfgﬁg‘gror g‘ﬁdﬁh Qaﬁgi’zﬁﬂ I{I%\é{{%h ﬁ%t@e%%iren? éhrflgﬁgl.smfsﬁed’g% ?ﬁ%&a?gla@s
embodi - BOASE | 18R, SHhSTL B Il fipusiastisied @psditoRpREd 244
conducmglp%galﬁgs 244(,1@%%1116 tﬁ%%’ %lr%e siml gr%ljy s%i zeed g?%o i ch argaglli ned
Wi th eaitterottieg dictectrivdlayari00salthat Thedrivs) pldics 810-3 6% of the 3yshemeey Sp7aEM from

PCT/ US02/ 30592 The two_ pl at . ted by.an.int g, diel ectri
ayer 308 PPHOIBF S/ eR 1ol iR g oy e s e B T oo WEEe. chosen

to provide. a&£&6hahth GRARI thERGRANY dRERi0Rs ﬁ}?"fé::lftﬁe% B Yr 2R IWBFvehifs dRIRIRLY in

normal operating, or surge, current to the second insul ative | ayer
302 is fhcaphcted1ONIt it hiso bottemplatadrthatmaclosuchiewtmtlste 31 @ dpaciaydravphat e 246 so

as to insulate it fromthe ]1C As.5 nti oned above, the power deliver

syst em PorEgsperRding: sgpasRigItoR plagsy asﬁ‘tﬁﬁ%"%‘g&@{e"‘?@@’ t%él\l/?/\fl’ﬂn?ﬁ"tﬂ’gvﬂﬁ%@?ﬂ géur sbis

i nterlacgd .po : tacts that tend t dl
FSai aﬁép%ﬁt%:qu%pglntgggfof)l%{)dlﬁfeh%ﬁl(f@QN at extend outwardly

from the P wn along the sides of the |IC package,

prief er abl y i BIGIES CRBkitbeme sechf afultiple plassy(afiditieupper flite S84 ahdthterwbreng t hey
engage contacts 303 forned in the | C.The two plates 264, fgﬁ@and ortions
of the disthacaie300) smbeddryl oireacapspiated| Wifig A AapEng ok CAYSHPOTHPRL BISA%ed 10

W thin an_ exterdor insul ative.. i al : ® acts
248, 25Bre£?3b1V&JP%%f fﬁ?\meeg%%r %?lg?%tglcto\%leﬁ a? lz}éﬁ%ﬂ%t,l%zﬁ%{eg%% Ityr@;gl o;Ht}{act
the | C pagda@eihe Thtitsris M dori@rthe béves Poiitiahl1€2 fnall fillsthe imeroenihi s@ickoBl5ni t h a

heat sink (not shown) and as such, it may be provided with an openi ng 305
that exbetwasn therlowghcapecitorplatesdl A8, Thelats gemtasis 31 ¢thet FeAhGeRioNEREY | ¢

| ayer 30 nd the | ower,.insyl ation | ayer.. i - _heat. si nk
b ext alfa CemebR il yEde R EBh R Sty e Aol v Edbied or

sur f ace gfks 3 eolfred freih Bo 8OIBEN0E BRGILY Ui 18 Sprire ddtien Gethecontius! FIG. 3teisher
may be used to fit in the opening and extend between the | C heat

gener at isegiosal iew®f srchavive debvery sireurepf 61G 33 (1swell aveperganet FiewRprier g

1 ust r i eaterbne sttt srerT popishvan et 13 Bl s i R

02 abut S R o he 1 G A addi {1 onal . but

snx | er, operfil6g39 H06irateny shegpedvomad afrangemenpiiebmaybe used with the power
delivery systems of the present invention. In FIG. 39, two conductive plates 244, 246 are
illustrated as separated by an intervening dielectric layer 300 and the contacts 248, 250 of each
plates extend downwardly therefrom at approximate right angles thereto, but the contacts 248,
250 have different contact locations in the vertical directions. As illustrated, the contacts 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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additional cooling. FIG 42 presents the end of this section for better
clarity. The contacts 248, 250 are positioned around the perineter as

i 1l ustratwo oanszoshi s arrangenment reduces the anount of f@crasozspsdz ed for

i nsertion and renmoval in that the contacts engage the 1 C along a horizont al
line 25 of action, rather than a vertical |line of action. FIGS. 36 and 37

i |l ustrate dfi6. Heillestatagistiianother enrodineniof @ PPHRALVERY DEEM soReEhsiet it es a

power delivery supply that i apabl e. of ' ' . I.S144xCt
Dot gk fShak PRl R ERL e B Pl B 75
acconplipsiask Myeeicasi R pRtdsas MBIt dndl3e] veliist B eéparsiaPoy intaveningidicheetrover
menber which are forned as individual |ower conductive plates 310-313. 30
Each ofmbtedsldaydrafed 328. Shademanddwitons cappeitonplptest38yr 3 are itersennectsd best in

FIG 37 by int ' 5 h h. pl at e | :
1 Fust ragbhet PTG ot TR e e R aRb bt R b ARoeBTrslos
Cont act T B e e e Ac br 1 Phe. b vl ouS

enbodi ngatiagtirsdemsard 322 h Setsndihrbacmitactd 2482250,320 ag1Braaged aropard Heagrimetsin
the top, single, or multiple sectipned capacitor plate 2 by.

i nterv g‘ﬁﬁ thla PgYVé‘l ‘FéltVPli'ycSﬂS#&gb%r §%a‘!§@gt°ﬁ5f?s¥{‘)’ﬂgllng S%t?‘c% Pﬂtﬂéegl%(iﬁl%@%ﬁll{%ﬁe‘ tT!lulg
system ﬁ&fersti%ﬂ%rgtgﬁ%g&riﬁ%?f aIMF{H@érgmo% gorﬁﬁ‘}ndwoet&%sm@%ea :ciﬁ:éille £HpE& Gk laON

by the interveni ectric layer 0O and are “separate rom each ot her
i N0t he Xoaiid dfe € fiestticons wiyctembinbe imentedantoarwvienanslrseelndt mepnetieed adikier i Ehip n
the spaces 315. It is also contenplated that ea such | r .pl.ate 310-313
may havEiggre %@?ﬁ%@dbﬁ&?‘%ﬂa@’e&%ﬁ‘%@op@gt@l %P@Cfﬁ?géc%g)taé’&%\?ﬁgﬁg%al?weso t hat
the connector.w |} f QU : ' fr CERRALIhY S dR AldeSichly t he
enbodi Wg}iﬁ?g ?d’l‘—:'fn&.ﬂegeg%%ﬁﬂogg agéﬁ)ﬁjﬁfot?g?rég?{e%%? e set of mul tiBJpI ep at}és
(and t hpwHR@ganehitich RAdinardnifiet end poriogs 36li dbiedsdfine (@0 0)ntectioeml getiions 362

encapsul ated within a housing or cover portion 112 that_is also ref erably
formod bf bmoentatier Backifusheenpicars, DR Ry has ardpvardly, an ot Gonidgt Stirfacd

this ty f .structure, .t ' cover portion 112 will
f HISI t hgg'?f ﬂ%aglrs\}léﬁ(?ﬁog&geﬁ%hgg %gggﬁﬁ%@fgé%ﬁfﬁ%@{%%g%épaci tor plates
310- 313. TheTak ateo it Afidrapdditot Plates dxihinembdubmetrftankingythd hned epatitor

partially enbedded with in the cover portion 112 or may be di sp%ged vvi%hi n
a seri eplatf hasghoeffect vbincoaping theota papasiiangs of Helseouphiag coPaciigRce DEFYSE Bt i ng

action gf the contacts. FI g | S&GL | i i he: hsltisvery
St uct ufe peprarsTR g The 1P 47 sBrom IRkt bty il R RANBIAGL
enbeddi Esgpd%ibiy 1B iRcrEMNéThe RPREit@Oe (ahd cudbhthupplics 1ot HelICY it theistmb hopimssalbl e to
deliver different voltages to different parts of the IC, such as 0.5V,

1.20V, - Bwéeanch movidad bpOher@negor bodsizartion ddus syehygertyceIHaE P used
arrange gﬁl@%ﬁ: t Q ?izesignrwi1 T hgg aﬁnei‘tdedvénn}orﬁn &espgc%\/\gf%ilable of the circuit board, or in instances

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 assenibly 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.

76



delivery systens of the present invention. In FIG 39, two conductive

pl ates 244, 246 are illustrated as separated by an intervening dielectric
| ayer 300warvd/ostees cont acts 248, 250 of each pl ates extenecaamwawarsdl y
therefrom at approximate right angles thereto, but the contacts 248, 250
have different contact |locations in the vertical directions. As .

i |1 ustr at ed, FIGSe44-6htidustrater@thsf crabodiment ofitee pishent énvengomimhigh an fG 32 ingt h

dth 250 of th 244 | i L:h
Dot h 1 dit Wb seekeands cabetRbii2 Phbdod e ARUBIRR R o AlRdipgtten
cont actif. 248, A s FRbrAEE 1 SRRAEInActdH 11D 8 RBfanSlIAVA s EAS in HApE asd RYIEHRY

arrangenent assist in'the reduction of forces required for insertion and
r emovalpoptiort 4@ thetvis fonpmadt fram a phtalifyof sidewallCFrthatreooperetiedye define a oratral he

nunber of contacts that engage the | C are hal yed at, the fijrst
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| i kel i hoo orting and arcing occurring during connection.
03/ 037 Qfebol g WSPAIRAGOL inkludes dpluidlityief distrets capacitbrsaidtenelr oferiicliimaynt of a

ower delivery system constructed in accordance wi.th the pringi (o) he
B resent deiliﬁvfeth%/ iS@%,e valagedr d1iforent ygltages & PE’R?%P‘V%% Gtagts 45R0 Sgﬁi Ag ﬁlfgﬂgg&{zhéjgé
capaci t or ate j : i Niheg
i BT cet PouR) iyl 308 OGRS A, SE R BRPRICIp B DU BIGEIVEMBY e

318, 3lQpasifors DIEFReiNE aefiesbvrer filoged hewer sapatfy 0 bhountdd tb tied eircsit dosrded)6 by

illust ratped, by i nterconnecting nenpbers 320, These é)oi nt s %f

i nt er cowaeet iraes{FEGi &) dheincameraiiopat Aicse dispistn faRactipryifethe spekeh epmegier

capacitpr plate 321 b i 22. Sets of three contacts
eSéJ?5sp3$eesu§0}1§%1§é él%eoﬁ‘f: | jr?gm% tﬁé cg&lﬁ%@aﬁl&: 806

248, 256° arou érineter of the power delivery

system for copt agabites 2403 bRSBEMEINtEn Bhathgs 410, fuvh ab €lots; of diEnjEeskthgeare The
power delivery systemin this formand the previous forns may be conshgiered
in one dispeed imthedodp parivns en thesoeketicornesior sidewplds 4 cHhergpadiers L cige
into cover and socket nenbers aldke. ;hi H e : | ary
cg st r ufqnvERY ?PW@"]&%rﬁtagé Oswnzlggflﬁgséd"g%’(sjw@g%g%lfecéholn%g;é/cge%el olﬁg(gs?elg?%fm

canti | eygredi S pEbdedVr ciiip abh@fdss SB0 Thivéder thadcomneodaterthesd doudaa tl] the and
slightly 1 'y and which termnate in free end portions 361 that ﬁq%fi ne

I nward
i nner cbodyeudrtian sidpwells 4Hsmap furthet inclydecpassases 412 foxrmgd Sisepn FRRDIEECINT

i f bly.h i dl | ed h i
scd 1 olBT st DA AR et PRI st e kseintaq RGO 2
out er C?H@Bﬁ(ﬁe}p%?rﬁbﬁ%ﬁéwhﬂs Ay SapiRRd HERgtt sb hatdkiorit atstight rocss thaawdti t or

plate has t ect of increasing the total capacitance of the decoupling
capaci t acoamheiaes ke trangfiemembere susbds e lnettzsitk 2(0e lhaT typp el epedAHMBBLE om

Phe. cap&eienghEeine SHEUL BPRE R ECHRBIFEA P ol e 3o Thes P RAPE el o BREr =
410 are preferably spaced apart from each other around the perimeter of the receptacle as
illustrated, or they may be spaced in different spacings that correspond to location(s) of different
power contacts or terminals on the IC.

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
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20 surface area provided by t he connector body portion Thus, such a
construction may be used where the designer has a limted anount of space
avai | abl ewofostbmscircuit board, or in instances where thecr@soz3@sonl|. In
this construction, the capacitor plates are preferably vertically arranged
in either a Power-G ound-Power or a G ound-Power-Gound order. FIG 41

i |1 ust rea¢ eiscuat inewder Thketire doop lsadstS®@mpasscibrqugh sheetidpiallsisn4 of theseekah spunestor 112

that 25 fit | C . t . ti 11 d
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t he power I'very structure i1ncofporated therein, wherein the decoupling
capaci tcneet whitise hetotn ofar IG ineerte@ ibtp therseriist @hnecten vide ‘heapsdt nate of this

assenbly has a plurality of npunting _ holes forned jn t 30 bo oLtion
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i 1] ust rgjovegnRihiialse Raoel arentrandedtihe pptteapntariaykattehcompassestai pdirakity dfC 132

is held wthin a socket-style connector 112 which has.the decoupling
capaci t seqord, preferablyserpaved terpppales ) arpmgpq pabin the @H?ﬂ(tfwg ﬂ%eo%%t%ro nnect or

112 is rectangul ar,or s i Py Rl 0 is
For med FrOMABROIERPESR SrSsEfipRt Bl 15T & BREHy AL PRI, ThER
cgpt r al nG-AREE BiEniARN2 590 sRYSeCudREI@A PGAABGH spingesontdees dn@ thgkke. The

openi ng 402 may be a through hole, wherein the 1C sits on the.circuit

board in confadtnenicetiet Samedie nesy hearavided a8 mpoiof thepaskaggsand tigdnney li ng
capaci tapce 42 i.ncl udes .a plurali L SCT i ch of
wh!oc h {}) Sifsyithia ‘r';'het Sr?(?ﬁ%taﬁ‘?gm?%qrts ({geé'ag% togilroflﬁ & %gﬁ?&@%qtq llé%fgé SItnébqg% géopr iate

contact CCG@M%%%Q oy &fdls loEihb37ird Rads 508) ehaframe’ WOomey bppriviled@dilenthivd es
e

and seals t Cwthin the socket connector 112. the 10 ca acitﬁrs 403

r ecei vewlthatsesgm\iéb that enclasqtbedaopsudpby7 anbvhish peweit themy lReledpsisgder hear d

406 b _ of AFIG. 45 ) .Th ' . th '
cdfac t BReioR P RLLEICER BTN P T REEEGRA A boBlink ERENRACIER . | o

on the i 'gpﬁérﬁ 406 d fRBeCANGHICHaTaS pAR3f afi Bvdrell earviedstith 5P) andpanibags
410, sufcﬂf?glggetél?l ts, %r openi ne(::]s, t hat arg di sposed in the baody portiaons on

the sockeineddnabehate dieckous|ffosn that showmeneagrade aesommprdats the padion githe IC

conventional capacitors_ as sho i.n, F1GS. 44-4 i C [ hlze. G Fve
wire | edds inpet ipge 5858 @ﬁ %‘ﬂa"%ﬁ B @é aey f@ﬁ’ﬁﬁﬁpﬁ) er_caafjl éﬁ#g{l %@gce‘s@g&% hf
order tg a6eQ tl(ﬁng,%stﬁatl SRt e inhd}SrankOsi0 REFek 2O R badefeMBddrpodibh sfay
further includes pass&ges 412 formed therein which receive the |eads so as

t @omai ntl@ Jocketlcoingetafiousingnd | ow space aspect of the socket connector.
(FIG 48.)

FIG. 58 illustrates another manner in which the discrete capacitors 403 have their
terminals, or leads 44 extend through slots 430 that are formed in the connector body portion
sidewalls 401. In this instance, the leads are connected to terminals and the sidewalls 401
surrounding the capacitor-receiving openings 410 may have excess material added to them or

25 may be configured in such a manner so as to facilitate the heat-staking of the capacitors 403 and
their leads in order to hold them in place within the connector body portion. 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.

30
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The body portion sidewalls 401 may have a height so as to forma slight
recess that wll 20 acconmpdate a heat transfer nenber, such as a heat sink
200. Thi swoyp@3wb4 connect or may be fastened to the circuiPCThisaz/shsve t h
fasteners 415. (FIG 50.) The capacitor-receiving openings 410 are
preferably spaced apart fromeach other around the 1][ﬁ)teri meter of the

recept acl e dsastly) FIGS. 5atand 57 are urdessideeperdpectiysadesss pithe icoves member peadi indle
that correspopd to |o [ . ,of different ower cont a termi nal s on
the. | Ceysimp REstrged B 101 90 STHict Wl FlsP iRl T “rogie s, OEBE very
system of0.; %6946&111&%&59%{3&1 bithndrdirPrénobp! es of the present
inventi%ﬁg%\%ggg%tén {he connector 117 isp\gibn the form of a socket 501 which
has a pl ur al Theyspetifdhtar ddseribgseni tysfigioes flostraeimany fdagired atwshehpragtopigtics of

t hereof, each of which receives a decoupli capaci tance 42 .in,the f.orm of
a 2hip thapesered emporiments of theqyresgpt ?@?Wfoﬁar}glyoég Cﬂ?ﬁ?ﬁﬁ@ftﬁrdeesﬂﬁ 48 used

V\Ii t h t h| S | . i atul-e or

W re-f o?nr‘r]eogl%ég[&rsﬁ E%%P%%gicg@%e%@gﬁm?ﬁ%%%eﬁ %g%agg’ re g? @gﬁﬁah\oﬁ%@yefs m nat e
at one @hehctatistic ldeapibedth &Y otherdatitof theespegifiostidneorehows @8anynothergaritafithes 509
that may be soldered to _77 WO 03/037054 PCT/ USOZ/BQSQ%1 the circui.t board.
The wi remegspliffersasisne Besacample aikoughdhe sbavgapscsipgen hat beep avrdisppa ferms
connect o 11 nd nmay_be . i ' k: j acture
ot ho. R aeBherscr e 6P| peLaEBisn e B B RRphCHRIGH G dHp SO BT
uggar dl ¥ o589 tiahafer WA ¥het drlousBiRicREf Maiks veéng kieed for optimunoperfoehandet.h t he

bottomof an IC inserted into the socket connector. Tge " ogged"_ ncft u‘{.'rﬁ]hOf
this 5 porti Yhilsithe hesfereadranhadimery op thsvnadion §avebgen FHowR, SsPEbEd 1t to

the 1C and alsg. lowers.the. .in . } rall
connect ‘?’f‘pp?ﬁeél? Itcéﬁ’@ © %‘éﬁ?fcgmé%e gggﬁeat%%ﬁgg % ?&sdtnﬁo%lfﬁwﬂd%gm@y% Sréérdr%%%g}égl whi ch
are arrangest depadinddneihe sphit o EHeAMvéiioh, oscspeas wbctais definal byt the appended
second, preferably non-power term nals 550 arranged within the interior of

t he connlectwr receptacle and which serve to connect aspects of the ICto
an underlying circuit board. These 10 non-power term nals 550 may incl udes
LGA, PGA, BGA, spring contacts and the like. An inner carrier frame 510 nmay
be provided as part of the package and this inner frane 510 sits within

t he socket connector sidewalls to forma support for the IC. In order to
accomodate the | op ends of the wire | eads 506, the frame 510 maybe
provided as illustrated wth recesses 515 that encl ose the | oop ends 507
and which permt themto deflect under the 15 insertion force of the IC
when inserted into the socket connector opening. The wire | eads 506 may be
easily stanped and fornmed at | ow cost as part of an overall carrier strip
520 and may be forned in alternate directions fromthat shown in order to
accomodat e the position of the IC.
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The inner frame 510 and the sidewalls 504 may be forned together as a
single piece by way of insert or overnolding, so that, in effect, the
i nner frawe 080870s€rves as a base, or floor portion of 20PChasspsiset

connector housing. FIG 58 illustrates another manner in which the discrete
capacitors 403 have their termnals, or |eads 44 extend through slots 430
that ar€LAdMIsd i n the connector body portion sidewalls 401. In this

i nstance, the | eads are connected to termnals and the sidewalls 401
surroundi ng the capacitor-receiving openings 410 nmay have excess nmateri al

added tp the)spsgékeg%rwnﬂggra%arbﬁlicgﬂ,r@%gjﬂgh%uch a manner so as to facilitate
the heat-staking of the capacitors 403 an their leads in order to _hold

themin place w thsorketwusmgfechading deyinsgratedoeircui|in plegapn ¢ 6frguit bepsd, the

di screte capacjtqrs 403 nay be. c et el y..encapsul at ed. wi_t hj .S I'ls
401 by seal i‘??ﬁi("?t u“Bﬁi‘ﬂWﬁé@&?ﬁ%%mﬁ'&%W%% lpoﬁﬁ?%\?/%tgag,eéeggaﬁféﬁi I%Jfg%wgr
by ol di ng t@%ﬁ@ﬁ@%&ﬁﬂ%mi&@%ﬁéd bilou?! B6Rin, Whill Bbdket heusaRiABaAcINAEY a
portion. 30 78 WD 03/037054 PCT/US02/ 30592 Lastly, FIGS. 56 and 57 are

unler si de peplspdity bfreall nembens thatrmeopaetivelyrdefinsrsaidseceniasle insaighsoekgihousing;
illustrated in FIG 30, which.illustrate the placemen I n.an a ed
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262, 264. The, Spa6ItilGAkLQRIIGSEH WAER sAl thtbiiatelicHoieR ih blads Wwithiresaf@ny
features and characteristics of 5 the preferred enbodi nents of the present

invention. Argeptect;umnd, or characteristic described in any one part of the
specification or shown, in _any one figure nay be ined with an eature
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systens, it witbdratoe cRpyit theictd, eifie tératindlHieavipngemmtrct portient dromgedraiyfivet emsled f or

10 signal transfer with the various capacitor plates. bejng, sized fo
opt i mum per f therad er confagting canducibyelraces %‘as"égﬂﬁ&rﬁtﬁﬁf’“ﬂf& a}‘ﬁ\%’?ﬂtnf‘ n have

been shown apd..d -] R R inhi I éiBndr t
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clainms. 79 WO 03/ 037054 PCT/US02/ 30592 CLAI MS:

15 socket housing.

2. The socket of claim 1, wherein said power supply reservoir includes a plurality of discrete

capacitors supported within said socket housing.
3. The socket of claim 2, wherein said discrete capacitors include chip capacitors.

4. The socket of claim 2, wherein said first terminals include body portions that interconnect
said terminal contact and tail portions together, said body portions extending through said

housing walls.

5. The socket of claim 1, wherein said socket housing receptacle opens to said circuit board

when said socket housing is mounted to said circuit board
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1. A socket for an integrated circuit, conprising: a socket housing for
hol ding the integrated circuit in place on a circuit board, the socket
housi ng avicag3as4 el ectrically insulative body portion w PaTaISOZ8SpL acl e
di sposed therein for receiving said integrated circuit therein, said
socket housing further including a 5 plurality of wall nenbers that
cooper &t.i vel Thedwotkatof shind 2 wheystrasaidesocketdwiising sskusies o insilatjve bage potion
reservoir integrated wi.th. sajd sgcket, housi for.suppl yin trical
power to sair!‘hati W@ﬁséf"éld’r&%%c‘mc?ﬁ&ﬂ%‘ﬁl "Qb‘?ncfaﬁ%o 1@?51%538%1%5%w %dlet(sé slafr‘l1 pl ace
W thin said [(BeERIRSH HRardNd, a plurality of first conductive termnals
supported bf sal d socket housing for 10 contacting said integrated circuit
and conveyi ng power from said power reservoir to said integrated circuit

th t the_t | s, havi t act ti d.at. first. d
SR LA e R S M S AT
sal d term Nagiseostiil ] bdd2 b 84 btebtaBRahil SiSed iANEGH Al FEQARsNAGAR:

t hereof, the ?perm nal contact portions ndi'ng into said receptacle and
t he term nal sebaid tepninialsaash axheling agpniact pétiomdsaosed iB said céceptabledst ng. 2.

The socket of claim1, wherein sajd_power supply reservoir includes a
pldrality ofcotastngep OPE%%&:WUSP‘?V%%&&W%HF‘%F%HWE@%% aggéﬁ%‘fp?fglﬁgi ng. 3.
The socket o i , -2 i i I S chi
capacitors. %q&#ﬁgggﬁgﬁﬁgg%&%§$§?%gggh§ﬁ%€%?%ggg?gb%?@g?h?gkﬁgﬁéls Pnclude

body portions that interconnect said termnal contact and tail portions
toget her, said body portions extendi ng_ through s The

) id h i l1s. 5
socket ®f cl Bhesorketgfetaamd, Sdicerin e seckrbirusing Wai]lééb‘[r‘é‘& (s E%t?cie%ﬂ d
i it b d id. t i i t t i i TR o} d 80
V0 03/ 037050 e iSRG REE hollOHE bR, o BB FAIAVER atbr e 000

housi ng i ncl ﬂﬁ@&e@rhnﬂm?lhﬁlﬂw&r&%@s Aispbéedrin siiti atallopacls efths aécdses reveiving

circuit board when said socket housing is nmounted to said printed circuit

board. 7. Thatlsastkes obfeiddigeraiegapacitersner including a plurality of second
conductive termnals disposed in said base of said receptacle and spaced
apart fromsaid first termnals, the second termnals each including a

cont act gpor t ireg sSHksPE®sln 7) vakdin k46 pdkachausimgrindudabactalzgnd radppisidg
conductive |lead on said integrated circuit and a tail portion
walls includes at least one recess with one discrete capacitor received therein.

10.  The socket of claim 9, wherein said discrete capacitors are spaced evenly apart from each

other within said walls.

11.  The socket of claim 2, wherein said power reservoir includes a plurality of discrete
capacitors received within a plurality of recesses disposed in said socket housing body
portion, and said terminals include body portions that interconnect said contact and tail
portions together, the terminal body portions being disposed within said recesses and

contacting said discrete capacitors.

12.  The socket of claim 1, wherein said power reservoir includes a plurality of discrete
capacitors formed in said socket housing walls, said discrete capacitors electrically
contacting said first terminals such that said first terminals supply power to said

integrated circuit.
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extending out fromsaid base for termnating said socket to said circuit
board. 8. The socket of claim®6, wherein said socket housing walls surround
sai d receppDacios7oand extend up from said socket housi ng basaussas@dsocket
wal | s having a predetermned thickness and a plurality of recesses

di sposed in said walls, each of the recesses receiving at |east_ one of

sai d di §3r et Ehesgsket afplaim b whprin saéd st teymingludefine anghisr boundaay of dvakastof

housi ng i ncl uydes fo | | d.each.of sai wed |.s i ast one
recess with %H_Bm&ISsogrsgi[ﬁgsogg%’gt Ff%‘?m?’a_é%%%%ﬁ%? W\g?fé]flﬁl.g *’%M eOf%%%ingt of
claim9, whefghhafadishodb® i RPEsRRAMOULIAL Sn@WRNEAE REMEHE BirYy ARer Bouhday) each
other within said walls. 11. The socket of claim2, wherein said power

reservoir i nthesdemddenmhinalabeing nofi-pgivsticanimalscapaci t ors received within a
plurality of recesses disposed in said socket housing body portion, and
said termnals include body portions that interconnect said contact and
tail peitiopge h@\g&t&%Bupﬁrfg%ohﬁéc%rrﬁ!claﬂﬁ%, RAEEIOAR] RA-POveitshasgs i t hin
said recesses ahd contacting said discrete capacitors. 12. The socket of
claim1, wheclsisan Sandthe grep coasistingéssertialy ofipie girdeinay d¢rintigale fland grid avay
capacitors forned. in said socket hausing walls, said discrete capacitors
el ectrical | yter@glsand; %’éliadraﬁ’it?ré‘%miﬁ%r m nal s such that said first
termnals supply power to said integrated circuit. 81 WO 03/037054

PCT/ US02/ 30592 13. The socket of claim9, wherein said first termnals
defi ne af. oufThe sdukenelelyinot, velrerein eagh affsaidt ferstiernaingls of Usshiapeds bakag a closed
termnal array further_ ipcluding a.plurality of second , term pals_.disposed
in said sock&opr%elaﬁ%d%ﬂwdjﬁﬁsm%ﬁnmg aﬁ"araﬁfio QFIOQPrag e(?ﬁ]’feéten%éﬂ??&‘iﬁw t he
second term pals being non-power termnals. 14. The power decoupling
connector of claim 16, wherein said non-power termnals are chosen from
the group consisting essentially of pin gird array termnals, land grid

array termnals and bal] ?rid array termpals. 15 _TFe socket of claiml,

wher ei n18ach Toe segketiof ¢lpisy Lwhsipingpch ‘i’ﬁssa’lgfglﬁbﬁﬁ%{naﬁ & %eg%@%%%&}g&’i Qa)flop at
d of id, fi. ' : j«d

firsttorm aogoucli®uph o) Aoin BPRiPLUARGR: (ARRB I Bitceh i BEAEh ol

terninal s isofofiedndiniaeafl figngthinaf contnpotivhy mchumirg a dostdilsof mrdnait] fint o a

U-shape to define two spaced-apart el ectrical paths
terminal tail portions including two free ends.

17.  The power decoupling connector of claim 2, wherein said capacitors are formed together

with said connector housing body portion.

18. A power decoupling connector for attaching an integrated circuit to a circuit board, the
integrated circuit having a defined shape with opposing top and bottom surfaces, the
bottom surface thereof including a plurality of conductive traces for conducting electrical
signals and electrical power to and from said integrated circuit, the decoupling connector

5 comprising:
an insulative connector housing, the connector housing having a body portion with
a base for attachment to the circuit board, the body portion having a receptacle formed
therein for receiving said integrated circuit therein;
means for supplying electrical power to said integrated circuit disposed within said

10 connector housing, the power supply means including a plurality of capacitors, each of the
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of said termnal, said first term nal contact portions including a closed

| oop and said first termnal tail portions including two free ends. 17.
The powerwoacwsmss ng connector of claim 2, wherein said cepadiSvysEIAr e
formed together w th said connector housing body portion. 18. A power
decoupl i ng connector for attaching an integrated circuit to a circuit

board, the daptapratapdbleiof suinlyihgaipresicternited ameustefmovier thsaghintegraigdt op and
bott om surfacges, _the ottom surface t.hereof Jncluding a plurali of
conduct i ve tFEELOY Qﬂﬁrﬂgw}dﬁ‘?{?? Bwéq & lm"&agllng t ‘?%??lé{ﬁ% ng)HBt @Fée%%ttergo%)aéf power
to and from gghted S &6 ket Whidiigroxikdty 1Wssantimedeaonechar S _
conprising: an i1nsulative connector houSing, the connector housing having a
body portion wit haplardiig ef éanduetivegmiwes brmimgls suppaoritedchyi saidbesnngctor heusigopd
portion having a receptacle formed therein for receiving said j.ntegrated
ci rcui t15t her‘é’!nﬁ‘?"tﬁi@rﬁl ‘Eﬂpa%‘EP&ialsﬁli%ﬁamg%lﬁWﬂL@é‘Tg ‘fi’d&ﬂﬁ p?lg%gsa?%e e %§a<§
circuit dis L E R k O e SrBEY shdPEaNS
et udi ng. o o 1 e e R B o Ty it acd

PCT/ US02/ 3053 tionagaaidiny Romapiahioanatordwpgihy fergermipatongsd goweneaceannsad of
power to said integrated circuit for operation thereof, thereby

el imnating ¢irraithoaed- t o nount discrete power supplies on said circuit
board in proximty to said integrated circuit; and, a plurality of
conductive power termnals supported by said connector housing and 15
connect gl t oTh@psiv&aRasiplideSonsict of el 18] whéreinl saidi cognenort lmosingdody ons
extending into said receptacle for contacting sel.ected ones.of said
i ntegrated cpertionincdusied a@ﬁ)ur@htytqfa@égseaﬁhe fegpgses lﬁﬁ?lﬂngﬁgldé:ﬁ?%f%tgerﬁ%m sai d
connector housing for termnating to power traces on said circuit board.
19. The power decoupling connector of claim 18, wherein said connector
housi ngy®ody Thegswéiaiechislingdandetd dfchiimtlY, wher etesmpasifort b heed sakebin said
receiving said capacitors therein. 20. The power decoupling connector of

cl ai m19, whemgesses.d capacitors are head staked in said recesses. 21. The
power decoupling connector of claim 18, wherein said capacitors are forned
together wth said connector housing body portion. 22. The power

decoupl $1g CPRPBEWEY dRbusii dBnddbtor dficldnar: 8| wabrdih saiil @uppditorabretfyrmedd together
conductive non-power termnals disposed in said connector housing body
portion recepfitheshig connector housing body portion.

22.  The power decoupling connector of claim 18, further including a plurality of conductive

non-power terminals disposed in said connector housing body portion receptacle.

23.  The power decoupling connector of claim 22, wherein said power terminals flank said

non-power terminals.

24, The power decoupling connector of claim 22, wherein said non-power terminals are
chosen from the group consisting essentially of pin gird array terminals, land grid array

terminals and ball grid array terminals.

25.  The power decoupling connector of claim 18, wherein said capacitors include chip

capacitors.
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23. The power decoupling connector of claim 22, wherein said power
termnals flank said non-power term nals. 24. The power decoupling

connect orwofo3obms4m 22, wherein said non-power term nals aPeT/tSanswesm from
the group consisting essentially of pin gird array termnals, land grid
array termnals and ball grid array termnals. 25. The power decoupling
connectzs. of Tied power H8couphing ebmestr of clajvad 8.twitase Faié pawer termigals apgdsheraddo 83
WO 03/ 037054 PCT/ US02/ 30592 26. The, power decoupl i connector of claim18,
where said pW@é}detaé}a}ﬁqféP%CGQTﬂBa%P%Wé‘ﬁﬁiﬁel? lo?jgrflég? @q%m};%iﬂf of spaced- apart
conductive portions for each termnal. 27. A power transfer connector for
conveyi ng power froma power supply to an integrated circuit("IC'), the IC
i ncor pozAat | ng pawek tamdfer gonaéctaraine corveying powpofitem agiovenisupply o an iptsgyated
portion thereof, the |IC body portion including a plurality of con ti,ve
portions di spuEdIChh&relnincaRaratige apluality %B&EF’E %ﬁ&‘oﬁéﬂ?- S\ﬁg?mpilglcéﬁllofl \g
the connect of, GRIRId-SI e 1€ ARy patith Adifing 2 PRFALP6E batlich foritaBiposel 2
nmount i ng sur PECE for mbunt | ng a circul oard” and an | C-receiving
surface for fReRNIEIINSHIsdid fovichandoom-power dirCuits dles aannectorsepnfrasing: ncl udi ng

a recess disposed thereon that is sized.to receive at |east porti.on. of
sai d51 C therein; anpisulelive PWPtOEB?fii’lRﬁrfl%hafVﬂl?‘%‘l‘ npgpﬁ)ﬁg]%ﬁriacgﬁg%qlpgag B2t he
connect or body por t1 sach; FaBRA SsaltBN H8reoh B I€R&ivin
extending i nf%‘“ﬁ&?o (gg%dnae%fbor?&g%gg%%@% fgg recesg:SEL into %pposi tion to gsai d
| C power congdugideVe-iding be8sss difsbsedietdoheha écsirmiso ecmtiveen leasich prgtiowef f r om
sai d connector body portion; and, neans for supplying power to said

i nt egrat ed csaduCtthgseier circuits disposed in said connector body portion,

th I .bei j j bpal s.
28 The pover 17 anereriaARRiBRVE RN s haBRi el fo thljikior Boof Frbie <

meang, i ncl Ud§§c}?of RS 1Rl Yha9ngdinSCend exteading irto sad dompote dodypatibul recess
connector body portion and connected to said term nals, 29. ower

. ] 9. The p
transfer conmeotoppositioriosaid IBpowaispriustiEapertienn 38¢ PBPOSHE QVOB%:? 195N furt her
i ncludes a plurali

ity cavities for i n.said, connector body portion
pr oxi mat e to%‘&?@ngr"é‘gégglsﬁ “roé]f}ﬁtorebg)‘c%%pg 10213%"2‘1’cavi ties including at |east
one of the discretg naRAGubMg power to said integrated circuit power circuits disposed in

said connector body portion, the power supply means being connected to each of said first

15 terminals.

28.  The power transfer connector of claim 27, wherein said power supply means includes a

plurality of discrete capacitors disposed in said connector body portion and connected to

said terminals.

29.  The power transfer connector of claim 28, wherein said connector body portion further
includes a plurality of cavities formed in said connector body portion proximate to said

recess thereof, each of said cavities including at least one of the discrete capacitors.

30. The power transfer connector of claim 26, further including a plurality of conductive
second terminals supported by said connector housing body portion, the second terminals
having first ends extending into said connector body portion recess into opposition to said

IC non-power conductive portions, and opposite seconds ends extending out from said
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30. The power transfer connector of claim26, further including a plurality
of conductive second term nals supported by said connector housing body
portion, wba3sswend term nals having first ends extendi n@Crntso2/swpzl
connector body portion recess into opposition to said |C non-power
conductive portions, and opposite seconds ends extending out from said 84
WD503/ 037054 cREEctdBbad3A&ian nto oppesiticor witlo dynduotive portions dispmserben 841 airewit h
conductive portions di sposed on said ﬁircuit. bogrd when sai d connector is
mount ed to s&prardayhen seid qoyueior 18 ounted to said circuit board.
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