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I. Semiconductor Technology

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 ex.tending 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
(um) 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 systen, 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 microprocessor.
25 At these voltage and current levels, it is more difficult for a central power supply to

deliver high current and low voltage power throughout a computer system because of impedance

Jevels 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 ICIOProcessor

-

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 MICIOProcessor
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 connect 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 requirernent 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 volitage, 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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signal level. Therefore, it is desirable to mnimze the inductance of the
si gnal ﬁtbﬁlhpféglepﬁe frequency of operation of the mcroprocessor increases.
Qt her di-'sadv‘}g{;%ggf icRyB@lsk inaked coBetLt the neiiraedrd using gdlvwssicdsed in
U. S. Patent , it
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t echnol ag%gxsé’ As S it S ovith RIRESbrd i Gtiviedhtesdopnedtiod dstvgaes theogmivendugiosdicat ed

Grcuit g€ Design Advances in seniconductor technol,o OVi _
T Cr Opr Qecssingids Het mivawsobssirand (oo teraatls IDFHISEy AU loihg ﬁorfsi’xjﬁlzaegXL

which directly affects the desi of th ) I g. Factors
r el at ed 268 )i hed preE dae eAndySRE Eéesrf%%e??ﬁrg @‘gé‘gﬁgﬁ’ﬁ%ﬁ?ﬂ%ﬁ@& ntact and

per 30 socket WA b hefbodO Rt @ tROMEIictirices A lipkerrfraybercyaff opergHan
cont act PSW@I%?%%SI@COM%@?ESO per sq%awrae area, the contact, pi.tch, th

e
" nupber  Qfr ikinlrofeBERot cauarith highariressmagalus @i tadneiange gR & signapristiiz 7054
Al
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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 desigos.
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 arca,



contacts and the sem conductor die size. Increasing both the power and
performance of the mcroprocessor will increase the total s and

wi |l decxamsgozbm contact pitch. Increasing the nunber of;zg%zmm acts
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on th I'ng tenperature o e junction, which depends on the

pover gefistaRtbnRithé Meaxis ahiohahay reqaire ag inchaaselirethe uratéd amtac? heigher ateasing
managenent of the mcroprocessor is related to thermal rranacge,rrent of the
Vid] t agéhe Egyieacef omation ofthe niicrepeessopwill decrease thiguenad §andwigih. Hengsn i

d h ' l e,
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m cr opqrﬁi%ﬁ,?gges&ggﬁﬁg‘gqg ob8hiYRE faxk e Q0GR , di ssipates about 18 watts of

power . power be drawn "away fromthe vol tage regul ator and
m croprocessor 30 to cool the devices.in order to maintain their

reliability. Therefore, an engineering tradeoff exists between |ocating
t he vollagww&tthe ni croprocessor teo minimze i npedance and t he
8, 27 MAY 200 - PCTL ) ' I d
kS cr i bed adsiiiog ) ekt ol R b oBon YA B8 PO nartS on
Mi Cr OPraf®ss Qlzel Whithnédd tdanéressel daht maemtion hohhen detnity; wilishsh tyrn rhiencase
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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 th
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 waits 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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not rel¥HiCled to cool the device. Hi gh frequency signals require smaller
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the airflow avail able for cooling. Hence, an engineering tradeoff exists
in sizi M.theE gtie hptexterene® t o for cooling and EM cont ai nnent
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source Odrgeftaotiides of BMlin zesdputensystamse AYicpersoesssy clark sEgvRls ey creased By | ng
With other circuitr I n.the conput t L: |
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the ai rff%eﬁ?yoﬁ%@%lﬁé{ﬁ%}é?gpr oées%g(?hgﬁtﬁﬁggﬁﬁﬁtngM to int er?er,e Wi th

ot her Ciyysudldniti tBatlard/ MY eABBE G HBNA3T GdrdeUeniyStthasgndl (¢ nthehighsyhtem A

chassis |l evel solution requires snall holes in the chassis for EM
bl Iéc k agefrequency, teeishestsr gierFavgleng®oundi ng a heat sink that |ocated near the
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M Cropr ocesso es W heat sink may cause the heat 5 sink
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20 and thus the shield holes must be sized so that the EMI does not escape, but airflow is not

tletromagn

restricted to cool the device. High frequency signals require smaller boles 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 apd EMI containment
purposes.

25 The shield may be Jocated at the microprocessor or chassis level, or both. The
microprocessor generates the high frequency harmonic signals that cause EM], 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 systerm 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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force required to inseft and renove the integrated circuit fromthe
connectihe systeid. frees up additional pins for use in signal transmssion to

df the int ted ci it. Yet t h bject af th t
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dielectric material, preferably in the formof a film the capacitors being
further separated from each other with the power delivery nenber, whereby

the capacitors supply a plurality of different voltages to distinct areas
oiﬂheﬂ!ﬂ%ﬁ(ﬂéﬁﬂé@ﬁt—@ A further object of the present inventionis to
provide a po by 6f 1% JBRRDAY objBat hredeR 8 rbAforDRHrovidemi tnpreped bbwers
t herein and {S(i:r%ﬂlgléﬁttrj%gs a pllalﬁjg?ﬂf)t/@o# I ndi vi dual _(?ont act .afrmr?s. tlr)_\at

ext end ddiwesf syeen encagmgeus tatisveycomes the afogrraentioned disyivantagpein deliyeringi ng
di sposed around the top, bottom or sidesl of the integrate cci_,ig,&-'gdanﬁ«
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that takes URp,her 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 1s
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 circutt.

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
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coupling to mate with leads 10 on a circuit board, the package including a
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di el ect ri WOIBEBEorming a wal |l of the housing, the housi #ﬂﬁ#@%@gﬁhavi ng
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_further havi i ferthor eise oiribe BESHRTRSAT SRS 36 PTa HRRSEfelty e TRemBee (1)
prqviding a supply of power to the | i . 4ol
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20 capagihk ek ¥xBh eEiorh ®\EigabO 1AdSIbE EPMIQERES Sifcu) thevibadaibelngiispoeedt es
means for dissipating heat generated by the m croprocessor during

oper at i @founfiite pspe benémion ¢ites bbthe antegraieicitiws t hese and ot her objects by
means of its unique and novel structure, The(vgq?wer del i ver seyt?lt et%f t he
prgsgnt in?/_en&xi qr@b{ﬁ?ﬁ@%mapﬁé%ﬂ?%ﬁl‘?,wﬁr et%@ré)c;?grpa.é%aga 51’ dih e,
and decqupl i ng capacitance,in . .

capaci t 3?%.51’3‘% greuipRoardand %F%P d%%%}tquqféelg ?\%8{1 ﬁ%ﬁgggouﬂﬁﬂ% b ?%Eﬁc it é%aél e
arg eachyl PGALRIhdalt, IEPIREES i%&ludhig&thcﬁﬁiﬁ?m rédaives (e ifitegrataivienitdieraey

take the formof a cover, a socket, or a franme that engages the ICin a
manner ghe hinading hevisy s tisectiid platerformiogewallofdhehasingy the hougiag fether havipga

The system may i ncl ude I gnal transfer,. syste hat. Les. si

(he | & BOVANRLARRCBUEH P IOk H B CREOLSRESE 81 R B e
board o ' heid G i Lt Ak cBAta pads oPER Holsing frodil 27
MAY 2002“%28@ %%%%é@%ﬁgggﬁg%%%gﬁ%ﬁgeﬁ%gckage despi gn_osystem ofg tohe
present dopRPpadaligRised b6 as bppuin snitoof thevkeuit wand theionpl eatacbpaslsel dhe
nore surfaces on the I1C utilizing connections at .ar utside, .f,l ush mvgh

r elfessechaysingrhsingealigned st OBFRABE BRERLRALS OEF es‘“f?éfﬁl?& ta@g?\aﬂc Qpétem

preferably permt th r f ' I3 16 tle dircaiuend gs,
such as chxaﬁn% “f%t’fs\‘/"ﬁ%etéﬁéﬂrg\{gﬁsz%{agmg?@f% gl nﬁeeﬁréﬂrgl?&t?e ﬂ?é%ﬁgft S| gcn_acl.
I nt er f aggssi h@Shd /A Gédsy 6ne QPRI bipperted fokstiy| the capaitor ployiding a supply

transm ssion’line and Wrel ess. The present invention also contenplates a
t her mal ofguegenetite intogeated ¢ireui s vari ous systens in which a heat sink and

a fan my be g%lﬁ %ﬁgt%gr (gbcjleét% tt?eopr}gsee%{ Prﬁicﬂtﬂm% IRPHEde %"é?aelhh.ﬂﬁi apparatus that
20 capacitively provides power to a microprocessor and which incorporates means for dissipating
heat generated by the microprocessor during operation.
The present invention accomplishes these and other objects by means of its unique and
nove] 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 10 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.
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the heat sink makes contact with a heat generating surface of 7tMM M€ so
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del i ver ywaysddnesqi ncl udi ng t he vol tage regul ator nodul e uysgdydohgoein. The
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systens advaieseRasd Jesil sYstem ofithe parsed invintos permaty sigleilsiid @ powes dabed
circuit board real estate and | C package volune, and 15 inproved product
manuf acoupieddo amslor mpbrairfaces/on thedCartdigthgsonaections that are outsade, flush wwd,
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i nt egr dtamdmessioquline; andFvigkless. i s a detail ed bl ock di agram of the systens of
FIG 1; 25 FIG 3 is.,a table listin | ternative | ocations r..each of the
syst em aspecti® Resasf Evestion,also F?@F‘Pﬂ&?ﬁlﬁ Frg! W&%ﬁ%@?ﬂ%&% HYRARUS ¢ he

system 5 - d2b SheliREABIRLA atlef WictPhhat he
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1, 2, 3hanehtéikimalkdse@nfict @ith ahestatiatial yudne dof e 1(hacthagie nchy sligaipate/ Bothm
aspects of the present invention; 30 12 2 7 MAY_ 2004 WO 03/ 037054

PO/ USOegggeeatedhythesdlG andthe pawyprdahiveryesysicawinsiuding the yoligearegulatoredule of
Fl GS. 4AS-SﬁEHi |.lustrating the I C package desi gn power and signal

connectt F¥accordance with the principles of the present invention;
FIG 6A s t LFiRS fiFtHer miby ubitize kh BN ot Ngstehnt) Thangfored ks padency
signal 5 in?%?%g%gy%oudl ed to di fereﬁt si des ofp?/ﬁe I'C, FIG 6B ig t he
sane Vithwcasnectotto Shiell EMI Irddiated by theg (o ah i of tiesd systems(ddvahipgeoudiysparmetd
(low) frequency signal interfaces, which are coupled t he sane side of
the | ntl@gwea%eédnérqc’@aﬁ%t;dﬁpﬁlé?sp ueed P'ﬁ%mrs]‘?ﬂ?é‘f Fﬁag\frﬁﬂég a%‘i @ P%‘?kaﬁﬁ ?81“‘“3’ and

hH ]lcjz'; rei?ﬁil’irg%épeéf%%@tt nyﬂﬁnrg%‘aﬁﬁm% signal type interfaces coupled to

e Integrated circuit; 10 FIG 7B is the sane view as
FIG 5, but Thésdohdattier@bibictsf featmnés fudraavamtingts o€ derpteseppmvefition 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 4F 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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signal interfaces interface coupled to the sane side of the izr'ﬁ'ﬂ@yr@ﬂﬂed
circuit; FIGS. 8A, 8B, 8C and 8D are diagranmatic cross-sectional views of
the integrated circuit of FIGS. 4C and 5, illustrating t ' lise@nd/ or
power conM@dBIdHWS*| ocated outside, flush with, recessed Qf‘cﬁgg{@e t he

sem conduct or package; 15 FIGS. 9A, 9B and 9C are diagranmatic views of the
integrated crrcurt, as shown in o EkERs S Br Fids usd-uR GG atif€the IC

| ocat i ons -of biéie 5@%&5“5%&“%%%%(%@%@%9 on the respective toﬂgg bottom

and/ or gﬁ&iﬁge ?%sié;rpﬁmkf&t SR S4Bl cGine6tibink in RcoRlandO#ith 10BpramibleCd the presentat e a
W0 e~

pl an vi tegrated circuit, as shown in FIGS 8A, 8B, 8C or 8D,

and Fl Gmventidk@Vvi ng signal contacts and/or power contacts |located on the 20
top, side and/or bottomof the integrated circuit represent| tk ackage
.desi gn syst eRlGn6Ads thedamea/igw flﬁFI(CI'ﬁga E\“éﬂ%%&gm%r}w@;qu&%?’ ﬁgﬁ Sfesent
invention. FIG 11 | L agr m‘r%tg | evational view of the integrated

ci Pcuit ngprfzmeg;cogpjlgth,% &5@5‘%"38‘%‘? tg"gg’nnect or; FIG 12A is a diagrammtic

el evational viewegfis & ahidtveay a4 PIG.5| beuitbstefingpirs dflfitsbaghand aécond (low)
connector forned as a cover of the integrated circuit; FIG 12Bis a

di agr ampRiyhence! seural imerdicey ndtichodre coupladitp sl snaasids eiche integrated g1yt | ocat ed
in a connector formed as a socket_that receives t. i r b EGUL
FIG 12C is &I Z4r ithasume é%%ﬁlgn ;s A ?REE‘%FH‘? E%? é@é%%ﬁ# Sigtial type

FIG 11.located i nect t hat receives the

i nt egr atl%@gfg‘?qsccﬂ?l?f,édg‘baﬁfqéﬁfgef’ éPglggﬂg%?tgmﬁge el evational view of the

i nfgegrat ed cigredliz f thEkne HeweAUIGRS, Yuo ilhatratmpdidferint Gust and ssandtypeia
connector or on a circuit board; 13 27 NMAY 2004, V\O_O:F%(io.37054 PCT/ US02/ 30592
FIG 14 si%;aai:démmrmmﬁaceeowtbéhmﬁmisedm{fth%w@@ﬁ GFed circuit of
St

FIG 13t I t t her,. i t . JRIRIE; [
di agrammati c E:I:Cis/§§°€g%a%&ﬁ@%&?g?#ﬁ?ébcﬁég%%egﬁ%gi t a%ﬂ}{%lm%g{aé%ii Iriu?t
of Fl G3l3:.0 Eﬁéﬁi Arq%tagd A ysEARI (Ré §iEAl lanil/BE bowlém@nacotions kgeted oytside; Snsh

nodul e ANECHEE chpaci talce | ocated in a connector; FIG 16 is a
di agr anm@ih Ge@dsSapds iasidk the @miainduster paskagp at ed circuit and remote circuit

of FIGS 13 or 14, with each circuit includin Vol t ul e
antb a decoupl FKS. WaPRcmdHe are qiagramepatic é”ea’sa)?atﬁ? %{lﬁ"lf%%gg c{er‘?‘g{\;(l%llté %]gfna vi ew

of the iﬁﬁ%ﬁ%@%g@éﬂgﬁs\%ﬁﬁ%{%@&ﬁoﬁ StGhd Sig@dl and/r pbéer dodtaot ordthe Wi t h

each cir ge regulator modul e and decoupl i ng
respective top, bottom and/or sides of the integrated circuit;

FIGS. 10A, 10B and 10C illustrate a plan view of the integrated circuit, as shown in

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. 124 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 circunt;

30 FIG. 13 is a diagrammatic elevational view of the integrated circuit of FIG. 11 coupled to

a remote circnit located in a connector or on a circuit board,

13



capacitance |ocated on a circuit board; FIG 18 is a di agrﬁm Fgm
el evational view of the integrated circuit and renpbte circuit o FI GS 13
or 14, Waldw@Rsdsscircuit including a voltage regul ator nogghadiesaiad on a
conductor and a decoupling capacitance |ocated in a connector; 15 FIG 19
Is a diagrammatic el evational view of the integrated circuit and renote

circuit of pithG3 i43 Qigrithmaticteleveneinl eicucof the imedratdil oigeuit viFICadE thatgsl at or
nodul e l ocated on a circuit board and a decoupling capacitance |located in
a connemipbed tobttiter iAG stackad diraggesremtit i ¢ el evati onal view of the integrated

nt o1 fer encEIGEN F acbpmmBmal Slamion ercor w4 Mestaet Paal euCreRiEPIBREGY of
or i net BIGR 139 TR HEh R RGEAPRRR £ VOLeR lBrR Rl gaRE i S

princi At rnventi o an -upr t sem conductor die and
cgpaci LineiinReoStaiala doahedtbace, with power supplied to the side of the

| C, FI P glﬁ I's a cross-sectional view of a Level Two seni conductor package
const r uct ed Fi@. 16 déca digraemaiic¢ tevdimnpl vigwigfthesintsgraidtecipppd S8 A femAteHIUE P
with a flipped sem conductor die and 5 utiljzin capacitive.type signal
i nt er f BK&S dgwréémﬁ@wpww ipgjuding agyo g%fegt‘hﬁori“g?@bf‘raéﬁef’o‘hec8}‘$‘&?§/t; FI G
23 is a crgss-sectional view of the | C package of FIG 21 with a heat sink
menber “ABHM M ed thereto; FIG 24 is a cross-sectional view of a Level Two
sem conduct @iPREKRERiadrdihimatic slBvitiiil vid® ¢fehd mespeiad drcudli and remptecéitduiteof
type of signal iInterface and with power supplied fromthe sidewalls of the
pac k ag FIGS 4 321 14Mkith 20ck civitiselodingsuvotiagy reulyaoseinieand desgupling,
cross-sectional_ view of a of aéll_&level Two semi conduct or package of the

pr esentcapasitarts lgsat Pl‘laac’?cl“ftﬁ’ﬁ »sem conductor die, capacitive type of
signal i nt enfac e 300 PONBLmaRERIRRShPHick S thORiQatt NS RACARC inoR Groufiod S
a cross-sectional viewof a Level One sem conductor package with a flipped
5 seni gaaEUGtaT14dinith casipaiciii inelutlies wiltage grgulatontnedulalosated @nposdueont act s
on the top of the integrated circuit; FIG 27 is a cross-sectional view of
t he i ntadralccouplingeapciigncalocatedy 2 eoRnerO by a socket connector that
supports bot ecouplin ' ' | td Biaduishown
1 8555 Rags B ERE S DA BN o ARG BT A st

FIGS. 1 S a perspective view of an | C.assenbla/
i ncor paials oSS WattBeah clrbiEit cREIGTY a voltage regulator module located on a circuit boar

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) conirol system,

20 FIG. 21 is a cross-sectional view of a Level Two semiconductor package constructed 1n
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 siok meniber
attached thereto;
FIG. 24 is a cross-sectional view of a Level Two semiconductor package with an upright

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

sidewalls of the package;
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invention, that is forned as a |evel two sem conductor packepmacagyied in a
connector that is formed as a cover and a socket that supports a

decoupl i ng capacitance and heat sink; FIG 29 is an expl oded view of the
system asWOMBIN7G# FIG 29; FIG 30 is a cross-sectional VIEWVSIYPRE
assenbly of FIG 28, taken along lines 30-30 15 thereof; FIG 31 is a

cross-sectional view of an alternate systemagssenbly construgt [

accor dance wWih 25He agresscesiong] vewiada %Pé-s“é‘ﬁltaﬁ’% %ﬂ%?%‘ﬁ‘ffoﬂ—: Ip@cka%g olk glea

perspective assenbly.yiew of . anot he dj : ; ! aRerber

bF'  ho B AR ORGPl S e R IR SRRV L o SHh Rl o

altern f | to th It t t th f;
Oﬁtwtﬁg?ﬂégﬂ%@%@wg power to e capacitor structure ereo

where t a I'evel two sem conductor package as, shown i
FIG 4C, Fl Gr1334 is accrbs-sctiend piewt dfisd evek@nosenzpeondieior § aéWé@s%ﬂr’BP?‘P

cover used with a |evel two seniconductqr package sh i n, F and

ha¥i ng mm@OMIdlman@lm‘@rWE%ﬁffégﬁq? ngr?qgegn BB‘%E'? c@%%ﬂmﬁgﬁ:ﬁ’é& 34 is a
. perspective view Q& an alternate enbodi nent of a system assenbly utilizing
a capaceEratEdfEF el i very structure of the present invention in place upon

a_chip packaggsanflis Nayid@oRodi it §Cthe ROpAIBA Ciaduiingf RIGL B6 watrixaltbysa sackeF| G
35 is a sectional view taken along lines 34-34 of FIG 34; FIG 36 Is a
per spectontRotdi et shipkets Hotloaledoeplimgieapatitiace a1d haat Sk SMERORBSAPRMR of a
30 capacitor structure used in the power delivery systens of the present
i nvent i BEGSn@Rieed 19; for supplying different levels of power to an IC, 15

2 MAY 2004 10370 ' i rfinki9stsmeef thegreszat Fl G
Sé,a but takeﬁgrg Saaﬂqr?}%ecggg’lggﬁaagqg%e&ﬂl ictglé)0 hqtgs?ng renoved for
clarity: ‘;ghg]m 3Batiis fanE@Gkia06&] two suniobnduber pagkage caried i yeenneetopthatisg 37,
t aken afL%ng I'nes 38-38 thereof; 5 FIG 39 (s a ga&%i al .end %i%l?_w of

anot her femrddismmtveninda segsetdthaieprerts A9eGPwr IS FAPFARIE ARG HFALS dance wi th
the principles of the present.iny [ i aggered power | eads
ext endi ng théﬁ@f &&‘ﬁ “F‘?’@?O "i‘%‘“’sﬁ{’]ﬂt&ﬁ?%?ggg“%g’?%gg%ﬁ vegdet ail view of a

corner of anghiekelherisieationkl view BOWR ssigibly ef FICs 8 ker donphves d&d in
accordance vm'th'tﬂe principles of the present invention 10 and

i [l5ust r akéregr;t he use of nore than two capacitor plates;

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,;
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FIG 41 is a perspective view of a power delivery nenber of? T N&f filesent
I nvention nounted within a housing nounted to an IC, with the housing

shown tragsmapsfssfor clarity, FIG 42 is an end view of pheysegidsen of
FIG 35; FIG 43 is a perspective view of a connector structure constructed

i n accordance with the 15 principles of the present invention; FIG 44 is

- an expl oded Mq\m; i SaflelEER AL BTG ONE buflekiREM SUSERE SIS hidwitResi n
accordance with the principles of thé present invention and which utilize a

pl ur al itonsif reieeedfor clapityyer capacitors supported within a housing that
supports the IC FIG 45 is the sane view as FIG 44, but

corrponent s dEnibliea sexfipaeheewol the capacitqrstrustiraRfie:. 35 téfenlf%"’?ﬁ’sp iges 38-38

section gew of the assenbly of FIG 45 taken along |lines 46-46 thereof;
FIG 4 F@O perspective view of the assenbly of FIG 45 with a heat sink

megber in %9%93%{;@ eﬁ@vﬁ%ﬁ&%ﬁﬁphﬁbofd@m6i3a¢a§)aél[br%&h&hﬂ§ébr@ﬁhaﬂeli

V|ew of a por lon o assenbly of FIG 45, illustrating a 25 discrete

capaci ti@racetsashdeReirle it prinic{plesdés the presad dvention and kaving stegeeredpoweirticads
assenbly of FIG 47 taken along lines 49-49 thereof, FIG 50 is an

enl ar gesktending thexafeom;of the comer of the assenbly of FIG 45 illustrating

a neans for I.ni n he .assenbl

03/ 037054 Pcﬁ%é@éféﬂgﬁ%r RETSPAGHYe sdeg%‘mén :“rfé‘gég“%g ga‘?“’ VoW o@fm‘mofa
altern &&%ﬁ%ﬂﬁ%@ﬁx@émﬁuﬁ@t@&% a@BATAAES Rith tiEOpEIcipled 6ftthe Preseeanvianion
witht principfes of the present invention illustrating the use of wire

cont actaxdtlhaﬁtrmrgttheusdaoﬂrhotd'thaﬂ@/cacapacitcsqﬂ@cse capaC| tors FIG 52 |s a
per spective view of the connector assenb

%/. of FI GR ¢ | G, .53 't
enl arged det BIG- 4lds @iRsppectiyeviewofdposier §elivgppmemper ?%Be B’éei’??%d{“éern 1gglsen’ol y
of FIG matgg I\’ﬁ%]rly gpﬁﬁﬁ%ﬂﬁ%@édet? laﬁ’fé{ Qﬁﬁ‘ﬁlevﬂo%‘éin%fsh&vﬂ%rahéﬁﬂer@ffoﬁd]&lty,

connect 8f ustrating the placenent of a discrete

capaci tor thpr@wiz i anfhGvidvb of heaeginsyfdIGi 9% view of a carrier strip
containing |l eads used in the connector 10 assenbly of FIG 52; FI

and 57 are ull@rdd e peaspspidvs Yiow ofiacganestor;siac s Gheb P arcarlance Y"H@Fﬁ?ﬁ

15 principles of the present invention;

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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systens illustrated in FIG 30; and, FIG 58 is an enlarged detail view of
an alternative manner of nounting a discrete capacitor in7d Miyrilfjctor fo
the present invention. 15 Detailed Description O The Preferr 5 di ment s
The preseMO 930kt on is directed to an inproved power del ?’53&%0 [f}g%m 12,
a signal transfer system 14, a package design system 16, a thermnal

18, d EM . | 20 f
And ot | ci pa¥ath AL TERELIRA vieR SOTHETIe SO C RISt a5 e Cme bt
produce P%@cﬁe@ﬁ% la@@or re%fhoﬁxﬁ ?gﬁéi 1&:6%? file f183Rt haSitRh ilhdtling HedSe of igher

power, y vol tages, currents, higher transient

cur r ent gontAdtk iPWRbntaVObdtR &R IMh4rdi discretd cgluciton; uni f orm heat densities, and
i ncreased frequency EM em ssions. Ancillary benefits to these
_advancement s Ffic b2itkea pérspaspive visssefithe connectonpeemhbyrddEdS i nt er connect

densities and_improved product nuf act ur abi.l i t d. el L abl i

Sedi conduct o Iﬁggm gﬂ?ﬁg?éﬁ%’fﬂgﬁ?#@?@a‘{lgv"m E}te%’é&? dt ﬁtbé@ﬁ,‘ﬁﬂg ?’%% Fosembly
.typical I0¥ &I%,r equire 1.0V or less operating voltage, |00A or greater
current, g "Al’sec or faster transient currents, voltage regqulator

ef ficiency grme. 84 i Hamal@explalcafey vEgporionefi thei dconhert@ssemily of Flant?,
voltage ripple less than 1 % These requjrengnts present a significant

advance iidwstratingthgplasanent ofip disststoeapasitn thsVidls, and ni croprocessors

havi ng t hese racteristics, as w/ll_f . . i i RSBl ciew
suppor t systeﬁﬁ@fégﬂsﬁBWPecggFivi‘/eﬁ ,a%ﬁna%% ﬁ?%ﬁ%@gl%ﬁéﬁfgc %dé\%dﬁg? therC!rBr)gI 17
2 170 MAY 2006 1 Wor@g5087.054 PCT/ US02/ 30592 nenagenent, and EM control. The
present ‘Tnvention is directed to inprovenents for these systens, and
others, all OFIGHi56hndis7 ardemistiids pirspecivppiews ohthe sA¥EMYBRSTASHYTCPS
technology. FIGS. 1 1to0 2%{3 nerally illustrate and FIGS. 21 to 58 nore
parti culsaﬁﬂeylsilllpmffdalP&I y 'm‘ﬂower delivery system 12, the signal transfer
system 14, t ' . trhemendf enaggediscretgst em
18, and the Eﬂ(ﬁg@ﬁ?gﬁ&e S etﬁe’h%ﬁ%léﬁ%g‘gﬁtﬁ%gﬂ%}%atgg all in the different
enbodi Mefpacifr ih ARoRE@I@TD theyresdnt trvendivrch are illustrated therein. FIG 1
illustrates a general block diagram of an electronic device or system 10
thht includes a power delivery system 12, a signal transfer system 14, a
package desi st.em 1 t RRAEE system 18, and an EM

contr ol Mﬁ*&%%fi%eﬁ&ﬁg 2T Is?ﬁsat es a nore detailed bl ock

di agr am 32, of Thbgrebéhtiavé@tiofd & divezted, tosh@mptoved powérdelany syslerae agiagn
systens of FIG 1, which explains the _rel aftio sh‘%@ am)qg %nd efweenyi fie
power defrinsfenysystgat Hmapackaggdlesign sujter 19nd fepna AR A T e Palkage

desi gn Sgbsi}tr%Ts%&eI;%r(} ftop §n 1¢22 2 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 cuirents, 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/pLsec 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
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FIG 3is atable 56 that lists alternative |ocations for each’dMAYHé
system blocks illustrated in FIG 2, as well as alternate connections

bet ween (g ;a5Pog, the system bl ocks. FIGS. .4-10 15 ill ustpatgsyasdsou
packagi ng design systens 16 for the IC 22, as shown in FIGS. 1-3. FIGS. 11

and 12A, 12B and 12C illustrate the integrated circuit, as shown in FIG 5,
being | peAbaHled aft ERAMORELE Tk freschbin il BeAUEs 18 0&iéHis f6tthéel 1 ATE,

or |oca on a printed circu oard PCB) 114 and ving signal 26

and/ or s?ﬁﬂﬁi& add otherd) all tof ascl winpshefisially soppduictdvend:iiGemitbnductontechndGBy.
trace 118. FIGS. 13 and 14 illustrate two arrangenents of the I1C 22, as

shown in FI GIGS01 1a 20 gsugraliyliltustrateraad F1@S c2 & toui& mare nagtieiardy illyskateogect or

140 PCB 114. FlI . 15-1 i .l ustrat he | C 22 dt 2

Shown IRVEF GEIVeTs SYEm 14, b RETAL RS TR e i AP RRE 5SRO G0 g
it ' | ' 1h2;

coh GuciBOHiE) ffnafehfich: BB, 806K R ENTL o Plustel 26 FNE KC 2P in (B0 diffient

i |1 ust reaitReithéi®s bEtdreat Hlvemton whickbfs illdiratétbthiersin. NBIGR 1 dibstriates agfentind
t hermal managenment system 18 and the EM emi ssion 25 control system 20, as

shown itdodkl diagram ¢fl aBSlectonimdeva® arislystemy 14t thatinelrdeses prvsrglelivgrytsysien B2, for
the I C 22 havi t act t the side of the |C 22 FlG, 23
1T ust el TR IR § Areckte deGRenneR 16er RpPACFeeesenl fysfem 1 44 4
21. FI G& | - '

v &t s§ e iq'%ggﬁgg zgﬁit*trﬁgmhfé&&ﬂeggm&aa&@ﬂ&i BlécGIEQ%t 41830 6f A%

havi ng ‘power contacts e top of the IC 22. FI illustrates
afp ass et defivdrissigiys tansftPandspacagedesigh s3@ema of FHavin which-e:@laipstheFl GS. 28
to 31 30 illustrate various assenbly views of the system 10. FIGS. 3

an
33 i | | ustationship Amops ané betsveen the povres delivery systera dex i signa tfélb“&%rsystﬁ%\/f‘-‘n@“ he
decoupl in apaci t.ance 42, for an integral 18 2 7 MAY 2004 WO
03/ 0376&285%?56%%%%?“326§%|%§ggﬁﬂ GS. 34 to 44 illustrate various
enbodi nent s pjg. 318 adssIe $BlthAdiskadRaiatiddReatehs fof edched thassysten bloeky dlustrated
capacitor, carried by a separate or integral connector 112, forned as a

cover, iaHGcRets well as dltenase cer@stionsehetweascrnd|ampsigrthe eystem blagks. EHGSadht s

of the decouplin capacitgnce 42, fo d,a ti dj £a b t4Qr S,
chiri epﬁllﬂwfitﬁé‘“é‘%}ﬁf@@g?ﬁm&%?lg‘* Ok b 05@3150%5_&3‘? Ql!é()%"s%cslg]{c'%f')? % Fra_rfelfzl
Referri f%g‘ﬁzhpa | B fusirhte HEERERE el ks diodaT ARIGE 5 AbeiRy Rehlednih @
devi ce tincludes a power delivery system 12, a signal transfer

syst em dohne@top itk dgensibss meovey atsenkelfr adramd er haoatedwoncageniniad cisguwt beard8 and
EM trol t 2Q f | C 22. Th ' ti fi i t

an o contt ol SyaLem 20 Tor an 1 C 22 The B ssent LINEIU A LIS e

used in 10 Qﬁgxafg#qllg %‘f[Ggofg)M:Lch iluSitdte o Wrﬁﬂgﬁgir%nfé'?ﬁ%éf@gﬂ ﬂtsl%ﬁ%“'htiﬁ FIG.

princi p"l’sezéP ructurée nmay pbe applired to ot Cs used in other

appl i caii QRapled e a PENSIE ditehit B2 locasydsih amohecprdvidde snpREB 16, FHESI I5-122,
while the signal transfer szstem 14 transfers siglna s.to anii fromthe | C
22. Theilhatritadles IC 22 and the RC 52, as shown in FIGS. 13 and"14, having a voltage regulator 38

and decoupling capacitance 42, each being located in one of the connector 112, on the conducto
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 enuission

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 F1G. 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
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design system concerns the construction of the package, or housing in which
the 1C 22 may be held;=while the thernmal nmnanagenent, system i@% 06 the I1C
22 during operation thereof and the 15 EM control system 20 bl ocks EM
fromor tWRLB@3108¢ | C 22. The power delivery system 12 is BOUNPEP%E the 1C
22 by way of a power connection 24, that-preferably includes both power
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. bi -di rectional i hat, - . ”
Al ong ¢ he of BHErIRg BHRe Gy Ly ER S £ Rlso EREbPat AU R LR ok
transf ef, ¥l e 14 AdlivRPs)sfeng 22, aWhgnch rastbrsybieni Dlaipuckageldasien st 1wl or
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nmanage nswentsysfieds itegreatepdiliey gHIsy g{%‘séﬂ theoﬁoﬁﬁt(’% ggﬁgﬂfc’%g?sro ecﬁ?@ﬁ?gggtah% 19
2. 7 MAY_20 03/0370:54. P ; i le QRIAOHCHOOmEAY be applied
h&@t - geW@rﬁ?ﬁ‘? %C%P?tﬁ?eb‘?‘ﬁwg?y‘gg‘g‘{r%?@f@?%‘& é%loc\u}je]? a heat colrlllnse)ct iagrr)l ) 28,
whi ch T gplig Susld BRbihef Hplie@dns! Mhepowbeddlivaty systemet? prowyides pewenis the IC

bi -di rectiona connection to represent heat dissj pat ?‘9%@@% ,grom E{hee | C 22
to the phewhitd themipgbremfersystean 4 tansfeinggnals Fbﬁ!defg@ﬁ oo P88 ect ed
fromthe thermal managenent system 18.t0Q I o5 The: b
ot em SeSIER YA OB O GoTET o Lo B g 8 fing i Bfickthe KRR iy be

connect ion 20, BlbntfsQkteEMS c¥0ls b EC EMduring npartfiamtheteof madica
bi - di rebﬁﬁoﬁgflgﬁg%ﬁggﬁ%lﬁ%%ago repS?eseent EM 30 ggnerat ed and radi ated by

the | C 2RI esitrol bstern 20itddcdd BMIBonortdwsardthel B ot her circuits. The IC 22
i ncl udes a sem conductor devi ce havi ng,one .or t aGlRE:GE 24
and 10 r equiThermstes deleary syHey BB%‘&’W@%@H}@% SYﬁJ@y&? \%&%@%&I i 24
sem conduct.or. t echnol . | Bh&e shol slioval)oThegessor , but
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Pr 0Cess Qprkd2aBh 2T IaRRISCRAIIGS. $ BT ind is praferablyat i clitsctionsl coqnesiiey that

Ater natrlegrilo‘g;{ts Ilnc?wer being routed from the power delivery system 12 OVER a power path to the IC
20 22, and also represents a ground path being 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 JC 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 manmner 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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appropriate applications, the | C 22 may be another type, such?34Yallrenory
device, a controller, a transmtter or a receiver. 15 The electronic

devi ce ofyg¥HbLHR410 of FIG | represents any type of el ectpdgeso2aosyzor
mechani cal systens that use integrated circuits, such as conputers,
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devi ces[qtiz't? a{hg not .&grtabl e are those that have a fixed power delivery
system Y8 9\&“38 r to the power delivery system 12 in the form of

al ternating pys [enh ichides’s RidMdudicr BONGS havitig dife.or iore bf thetchemetedsticcasl
convert the AC power to DC power because the IC 22 30 draws DC power.

HomeV e rrequireraants, deppibedatbiovedp seppori the advanagd saiopnsacienigehnology.2The (13923904
WO 03/ 037054 PCT/ US02/ 30592, FI G i s detajl ed block diagar .
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t he vol tage regulator nodul e and a 5 decoupling capacitance 42, a
connect transmittef orgymecer¥eriecoupl i ng capacitance to the IC, and, if desired,

Cainater  SyTReReeaoRRaeres SYARIP PRI RprRiyas PG ol atival st On

t fansf er sy reno connection 50

bet weengjoth AAchi sPerhSthatiibd Bitdgifed Pidsii@gmch est@nputys] elecifinpmehtionbhy

I ncl udes an [ C power connection 46 and an I C signal conpection,48. 10 In
oper at i pledicahdevimsandsygping. The pempyfersanait wpisalls inglydgyqrketaygnscd e d

DC power at _the power, connection, 36. The wvpl. . apd 38
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decoupl I'ng capaci Fance }12, whith 42 stores a predeterm ned amount of this
20 microwave systems, land-based telephone switching systems, internet systems, and wireless
telephone systems as well as Intemet 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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regul ated DC power and provides it to the IC along the powerz oMWt on 44
to its power 15 connection, or input 46. Alternatively, the voltage
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signal connection 50 shows a bi-directional connection to represent signals being routed from the
1C 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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15 vol tage, low current DC power and for the |ow voltage, hyghiyguppent DC
power. The high voltage, |ow current DC power advantageously permts power
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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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constructed of only discrete circuit conponents or only intfgm?@] circuit
conponents, as necessary or desired. The decoupling, capaci é may
i nclude any type of capacitance that decoupl es power 20 f 22.
The decouW%/’i‘HZ?QH’éf)aci tance 42 advantageously supplies the #%5&\%0’%9% hi gh
transient currents when required, as described above. The decoupling
capaci tance 42 may be  forned of separate.di screte capacitar . -
integral capdseewing igthep %T@aeﬁ%m%gﬁ? SPﬁ&ﬂe@&:@?ﬂt%V?rﬁlgf}ta}lﬁia%d?%ﬁgon{n
ceram c,_tantal d EbR&Et bepd@ t he
%tla]@ A‘)em r{iﬁ@agcu?tgéao Ftrikes fcﬁ?npé%fe}ﬁ%ﬁfe? BorRktiofsARAS

i ke, ave ed or sur unt end connections. Such

capaci t gf@eﬁme%m1%bﬂo%mﬁeDcm traher. thid bor edlagedpglc twromg DC
advant ageously provi de predeterm ned specifications and have known ﬁifges'

. The conpewti trortler toheinithize thet eostefrishit Gosrdady sugh mﬁtﬂéceéow@ae%%a%& e QY
single or nulti-strand wire, stanped and farnmed l.an .

i Re.  Theltesco higemieaHRY poies SF ety 1%%{53@? ygge ﬁ%ﬁ??%gf ’F‘ﬁ%?gf‘lﬁﬁg‘?&#@@‘%& th

12 Ca | el LA PR bUE bR CrehAnG R el pl at oo

separ at &8P el ectric. ~The Integral capacitors may be rigid or
30 flexible, @pdoaye Reufatirimstivgs 38magbedny dejos that paeess highlvoliage daw

I ntegral capacitors 23 2 7 MAY 7N WO 03/ 037054 PCT/ US02/ 3&3&2 ot
advant agemesi HCpewer at the powar eppsestiondtpday vokage, 818 RO iR UER EPRIRR T he

decoupl i i - ood . _
oDl 5 SO e ot AP R Bt et
Pa][inCi t %%%éﬁiﬂgg%\ggtoggm%é FosRBYd ediRpleRity of the Waltageaefulator amdalectfewinle

i ntegral, vices, or conponents, or the Iike. Preferably the
pover  sypBliiAdg tHderiahbage iteguinge reputaol modge akd The teras Ceraste #gd  fine
capaci tance 42 are constructed separately or i .ternative | ons,
t he powemds$highyand flow( as needhsrain gee Fti?g\ﬁ/eé?lms tﬂ%tgiﬁtgaggls t%}g/ergoe eéselu"gltr?ed as
a single, integrated ' ' 88&ule DB GG idihtendéde be
regul at @J’eﬁeoﬂéa;é epy%ﬁﬁﬁﬁ?&?ﬁﬁ@?@ﬁ%ﬁ%%ﬁﬁ@ regul at%?l nmodul e 38 and t he

decoupl i1igitERRARIV ARGRIA X alRY obRveles [tn desimbleahaiths voltdgs reguiateymadels 38dvi ce
capabl e of generating decoupled, |ow voltage, high curr

; . %nt, fi.ne §rfi%gul at ed
DA powerconFinecttCao@medyled discrate anskioriptesraled (Rt FORBORFTth Gt BEEHLe 42

ia the power . c ti 44 f ia -
Uhe. pondhowlinabairas gt oty MRStk HRa OBl T mapb &

1 C 22 i | GLALE MG Wcreé it dhRRSRENMS 0P By iftegamigiichitgoPonapass t ance
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20 from the IC 22. The decoupling capacitance 42 advantageously supplies the IC 22 with high

transient currents when required, as described above. The decoupling capacitance 42 may be
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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satisfy the transient currents required by the I1C 22, then th%”@&dﬁﬂéling
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as con 've, ctive, trans sion I'ine, and

Wi r el esarhbg iR voltape tdgat@oanodile 38 iakd theAlecaupling ichpmitan@d may he dedigel as a
provides a gal vanic signal interface that relies upon netal-to-netal

cht actsingle integrat¢tbdevickenpableiof gensatingdegpunied, iloy volres bigheuresth #BE i ons,
land grid arr LGA), pin grid arrays 5 (P&), ball grid arrays (BG) and
t he IiEEg“IK{egj%(;Bg’Y‘ﬁeﬁe signal interface is one that may transnit signals
between two ppagess ARA drak FRPeWel B8mths i&oupBhLEfasibinte ad vid telpdivesi ze and
which are separated by a suitable dielectric material, or air. An

i nduct i comnsitipnad4 omiren fthe eoliage oegnlatemodule 3B vin the pevgreinsesiian b @s domred.

o pr edct i tper dasiensrl it FEHI SrGH-poveeuAcE g Srrate ERESE
a predet¥nifiliye ) ter

| #Tgr facSalifincd 92 GRALY VBSa irggﬁln%r 1Rk 35E G X 1@ 22"B8irls Wi G tr@fifent currents

d dul GPETH\ t @n optica

y a recelver frequency, such as |ight, over a

channel thyi fhe 301t85 legalatoranaiugs/3Rislons cainobsatiafy, aptappmipribfetrenounththe
transm ssion line signal interface provides _ an interface f%%@?é%é”

si gnal sdaseupliagrcapacigance d is peadsd. AltemafRlvibihs voitags eamiatpr

m cro-stri co-pl.anar . sStrip-li | ka. W, I {010 ot
"t orf ity 6 RaBueR el it BRI borined B decpile bR ERano 28
transm td @4 8R4 chaiifeRd4kiat ed by a receiver at a radio frequency over a
radi o frequency channel via a radio transn ssion nedia, such as air or

space. Each @he phrrenoumectincidsingludps auHipeof emsection ingjudigg for i ver ed

égg; hg aﬁl:cgpd%gti\\f/é, %a;?an tiw}e),/ Bledugtfiverraa&d S8 LARGETRD The Hﬁal Wnfectibh blbtecA ML i
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.
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assenbly, pin and socket assenbly, plug assenbly, sol der, cordugpy B
adhesive, pins, spring fingers, and the like. 20 FIG 3 illustrates a
table 56 listing alternative locations |isted in Colums and K
t her eof WO B&EHSdyst em bl ock 34, 38, 42, 22 & 52 shown iﬁ}%ﬁgs@sogbnzd
alternative connections l|isted in Colums B, Db F, G | and J between the
system bl ocks 36, 40, 44, 46, 48,. 50 of. H G 2. 0 elgrence
nunbers 36, 4be signalgepneRionOmey m%P Flé’tgng‘li IP@EIJP?%? sueh %éoég%ﬁeb%g%ﬁ%uﬁns in
the tabl e 56 are.not encl Ay bl brfterEe of @l 1fkeD R cdrduchwendipiad,
the po u‘ét’jveeBBtr‘féaE’tthﬁJé%%gﬂ}ﬂeeé?‘P@ggﬁg&%@nds to the power connection
descr i bﬁgegme g?(gﬁ&& ﬁ%alﬁﬁﬁb Lonal Stetaes thhtaelesngion mestaletonmetblarontagusuch s thoge
46, 22, an 2 of FIG 2 that indi r_ectlé correspond to Colums in Table
.56 are pnsoieteiar itk dheds soldes oeinegttonsh n@)amémglﬁp@%mmcﬁﬂ@éysz

i ndi cati th ly itself, d Col. A R ' ;
| Qaia? ??;:Pn(gﬁ),tbgfi %25%9{90 d I ligee A %?aa@‘f%% ?lgt’ﬂff%ﬁ%éﬁ'ﬁ ?ﬁii@%t@a%m
.regul at ar ul e ower : imPlar & are f or
saEe of Sl&?&?%??‘feeﬁgm%%e éﬁpﬁégﬁgﬁb{égglg\%é?ﬁc%eﬁ%é}gt i on grdfh?encl udes a 25 2 7

MAY' 2004, t&%ﬁé%@é&bl@@ﬂ&%&@ﬁ% or finndndidctiensigoal dnterfatetis baafat t r ace,
whi ch is*the same as all of the other connections listed in taqge 32 of
FIG 3. trhfsthitesigadls betSiGen twe cpuivetorsipying a pPEEERIFHATEatpade PRE]PAY 2B8i ng
renmote, as shown in  colum A row.2. The.term. "ot dde LhE Ght Ption
gener al bgpansehby apsedefHEURRSBFaRGE, °P5°a1§1%“§ic1£[e§%9% ﬁmg%d%stgﬂlﬁrftgg?% pl ace

away fromthe rennin | i SENAteNb ¢ a feélvepatldh opticals
dﬁ@cri pfzwn%l%@%&n @?@Mﬁ%ﬁ%ﬁe@%ﬁ%ﬁﬁham i ci pj;?ed future def)ifig%ﬁﬁ;
ght

pover sypphiRS. hithtasdight, ovet atlianatlyvis anppticehwere-guidesuek as an epfiset |

and are typically forrred_ as nodul es t hat t_|ne‘;t_erface ta tfggbr%ﬁ}&gm

Ci r cui t tyansitseiondimmsignahisterface peayidesanimrigcefOR ARG BEPUF BYPGHERAI p°  Wher e
the power supply is located far fr.om tk [STrasTRa]l ! | the YikBeThe sdreless
practi c@PFafle %&Pf’ﬁ’{? 111"8“‘?1% CBBVBH%&?u%%ﬁfB?Z&}aE’ Sgl%eg?f iﬁ%ﬂal l'y coupl ed tgteo t he
r ermal ni i@,%:f‘ai -flﬁéi'!f'c{cre?abm\;li-ﬂ@s 4P e F206 fid feairfiag ¢idnbla geodubged by oirapsmitireads, t he

decoupl capacitance 42, the XC 22 and the renote circuit 52, as
desrr | bednigduRd e recebien atwradio frequencyreyera 144 Fegpangy Fﬁ‘"{mﬁ‘rﬂa agath

described as being | ocated in a connector sigHAléAhe@ibnd 44050ImaY or ,
as descriransmissipn ReHA 321,°hf§‘5éﬂ’id"rﬂl?acP'e‘Eﬁ‘%’c?qtegﬁgl‘?&;ﬁ%ﬁts 2 sane four Col umms.

15 The qonpect or, i ' 1Bfiinol SRhbsmEt Rk as skatit baad, edggnaris
to an e&@c?ﬁigﬁﬁegthg%c\%(g?%&gﬁéecﬁri caIg Si g%al s carried hy .the.connector
typi cal | gcbmiblyUpie MEWstkansdentbly, nflog aweinbly, seidgih apuluchyRAUSHNSAD: B has
mechani cal features to facilitate the electrical connection to the

el ect ri cimgeaiwwndéhe Iike.t he preferred enbodi ments of the present invention,

t hfo connect or P]I& g?ﬁl%%r%tes a table 56 listing alternative locations listed in Columns A, C, E, Hand
K thereof for each system block 34, 38, 42,22 & 52 shown in FIG. 2 and alternative connections
listed in Columns B, D, F, G, 1 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 cotrespond 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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as a cover, a frame and/or a socket for the I.C. 20 The ci&gfhhgﬁ@ rd is a
substrate which includes one or nore | ayers of nonconducti ial for
carryi ngwonsirbi«wve pat hs, otherw se known as traces or cortEcSezpmeds:. The
conductor is a device that electrically couples electrical signals from
one el ectronic device to another electronic device. The electrical signals

carr i edohudthreandendimitdoatd paceaivhichi in dleudee poultof drithér connenivhs listtddn
conductor may be flexible, or rigid or a conmbination thereof. Exanples of
flexi bltaleBZoﬁHHElci ors include fl exi bI e circui try, ri bbon cable, wre,

Convent | onaltndhe Shle S5 B onPely fersbbR i PRt Reiia et Ae R in The
ol orr SAPT ésﬁ*é’@bL%fthﬁ‘%i'ﬁaﬁ‘%fﬂa%&%ﬁ?%%é“g{e?%h‘sm?%? SRR gy

signal |scubdiEigtangRuftible placd away ifidad thetemiaining3fircaits; ofChelblatsroBic dévide BNATHis
respectively, are each described as being a conductor and/or circuit board

trace, dascripioons b&mi to meflentpregentrand Anticipatpd fitisgalegigne pf pwrsvanbhersdbat are

Col ums. The ter 7 NAY 2004 WO 0 054 P S02/ 30592, "¢ ctor"
o i $elaRuly OmPHRSGL AP i MV FIGE! Qe SO PR IB RS fieh
refere te r
conduc?ﬁ)tri%rftra?‘geyfosqg? {/éerf?%ﬁﬂgod%gitﬂ} h\Ghoca ollne o?'J 89ﬁ§%&?§g§%€ TGIE{S}S%Sn t he

pover  3ishré thepowr sugslpiekichted far ren tﬂea@ﬁﬁmmwﬁﬁrﬁwuﬁ ipraetipaityhspeaking,
di sposed on one or nore |ayers of a nonconductive material, for carrying

el®ct r itbapowenguaply. 34isccl S tadadlytconplad t%tbgﬁanmmceﬂ%y the t rac es

| & power VCLM%M%' tidotdbe HERE R R R elneihB Sgn RGN, 16 22

Row ongy, gaels?, asr(ﬁmalxﬂabw orR! Col@Afa @%Héﬂ?ﬁd RSpdeivel, b&cat ed
on the top SI 'ateral) and/or bottom of the 'C’ 22, as descri béd in
rows 2,each dEE&nBed nebgng ﬂmoafﬂdyn a(wbnndfmaor smarECand:/ot omusonduwtdrhmdescnbed in
description, the terns "side,” and "bottont refer to different 10

5| des &Oﬁﬁi,f-’a@'é‘s“sd'ﬁsﬁeﬁﬁ"‘ﬂb ofhe %ﬂ‘i‘i“'cf?“{ (-BluEdSt y nay be square, circular or
o ft angul ar, 'J(;tbaqn% § h?tggm S &ideSha dél%cgn{)aﬂ& ﬁiﬁ@é’lﬁi@tﬁ al Vz\:kflsnl%ta'n%neo‘&lbhﬂpses

and sh € construe mte t may be

conventdeQnd! Imheleh@triche dipaslsichietl &, ths b(ﬁimectﬁf tylpirtatlp Iin@tﬁddﬂtﬁvér@n%r information
Typically, the top and bottom surfaces of the | C 22 have surface areas, that

are gr esgnals. t Heercomngetor also barmechanicabfeatunes tp dacibiate the elppirical cogpestiqn todbat

comnec ISR dafaer HotRE eeaR rrppREEe o e Riond i cfiion 1o dunBREts formed

detail Jel &Wcr 4 f[anyg gﬁwgm §0ng{1@§ ﬁ{e [over VI ew of the tabl e 56 of FIG 3

Col ums A, , and K. describe 1, 3, 2, 3, 2, 3,

3203, 2 and 'Bhe admti hztmidl sl $Lé>sima3e Mhecsh inclydgscanei aranare layers Qﬁ,@ngoncbmtwe
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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and 4. Hence, the table 56, alone and w thout any ot her desrz‘ri‘k@tyi ﬁ:@ or
figure, discloses 11,664 20 possible conbinations (i.e. 1 X Z g 2 X 3 X
2 x 3x3x3x2x 3=11,664) of the various individual ﬁ%%ﬁ@hg(\ées. The
nunber ofWRISHSWPE conbinations illustrates the many ways / 2t he
power delivery system 12, the signal transfer system 14 and the packagi ng

desi tem 16 for the IC 22 be inpl ted .T £ i

1o ot Fbadvotod pdhe M ation soRhD MERISIRe e G bR R relefAERII B0

th 1 f { i i i t
ere f‘]@%ﬁﬂé’fa’cﬁa %]?x{qnﬁggirbg@g. ff'ri]&%eﬁdré %ﬁ@@éﬂdﬁ%@%ﬁ %ﬁ%ﬁﬂs Beth the 1dcBgobEREN

speci f € present figufes that may be used in

conbi nagen. i bibckh andtHesowask ai@sr hipad) esnicstibmeThatrhas plovidcdnidective paths,
conbi nations of the various individual alternatives used _ at .the saalrsre,[,h(i3 ne

.woul d adisposed onemser niwere taysterf aofonporskictivematsoab o saryng elgdtreahgign

al ternative power connectigon 54 is used i § hout th oupl.i ng: aci tance
425 and GIQGIHFH@M‘P&B%%E&WW%%‘C&@ gﬁ% ROy eﬁ?‘&iﬁog‘%%qrﬁ%hoﬁglgﬁ glghber of
.total conbinations,.wo LR thOHE Vi diphnat hves for
the | ocati onﬁ}??(fct?goﬁsg %&gﬁﬁé%ﬁ%@@?%ﬁce 42 tgﬂgltt ﬁlﬁg%%%ﬁﬁ% MAY 2004 WO

03/ 037054 R6dd W INEIRo0lubtie Rand i raspelitizelya bieanvtat esenbed anbeigplorstpé onthet he
power connection 44 (i.e., 11,664/(3 x 2) =.1,994 possi@%g conbi.n?t i (%r@g
FI GS. 4tbp, 4iBe (W@rald Endintbatin bf thetlC2eas drscuilgsdAn rows 2shafth i FRSAEFEE Y-

and 3, having increasi level s of, integtati.an.and. | s I ivel y
as | evepamgtwq colpmns. i‘ha'gﬂd%ﬁﬂﬁq‘f’“éﬂ}cetﬁ S tﬁgapgléﬁgg@&éésﬁgeﬁ t‘gg{s}?egéﬁtl&
FI 4A 4| Us i Bl sduabe girailnodt rettav@ilarQahliese
|r1?i udegldgS 38 %ﬁ%ﬂ%@ggb%%%g%ﬂqgélﬁg V\;Iﬁgye k?lqovvn as a chirg, V\g‘er .and the
like. Fhi@ reldiBe itdrhiésise@Fersexpheaticn pepesesetly atdshontd ictbe gprstiugh a3 beieg 1 and
i ncl udes the sem conductor die 58, as shown in F G 4,0], rm};tgltﬁze n a

seni condinutedrio stat maxthe @oventionallyiresarded as thgier; sidge0f Rotom © gcted at

e oo Bk 5 AT A5 DS R R il Shrmupad: asatihe 1

seni con as shown I n 4B, encl osed wt

sem condiel af < RAGKHRYICOs is titied) vith fresat day, YOsefoanédcasanidrapinecessdrs. T G 4D
il lustrates tﬁ'ue IC 22 constructed at integration level 3 and il Ct!llle s.the
sei condetitions phibledGeposeer camnestionAt pad the & simaheiREeRPIAS %TGQP?CEEF %ﬁ’ﬁ‘&f
64, sonetines referred to as an interposer board. FIG 4E illustrates the
| C 22 cOfwlhfde%d at int egration level 4 and includes the sem conductor

package 62 «—angv'g{ﬁ.ﬁ Bt ovaTicHh MR kdbld 3ol 116, 4olumun Ao, CnDaEl Brgelt, L, J
circuit board 61 soneti nes referred to as a not her board. Pr,efer.ab(l@xé2 ,JIhe

| C 22 | snaGDaédorib @d2,551208, 2.1% 893,82 andr? individuapalteraatistes,isReRti el G 0 4
hs. Showsorr pRace e e Soetons gyt SF s PR 8 o
refer ence ORleodfnata (e 288 x 2 x 3x2x 3 x 3 X3 x 2% 3 =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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interpreted as being critically defined. Various conbinationps7 oy ghe | evel s
of integration are 20 possible which are not specifically shown. For

exanpl e, whesseEnsconduct or die 58 mounted on the sem condect/os02sbst r at e
60, as shown in FIG 4B, may be nmounted directly on the PCB 64, wi thout
usi ng the sem conduct or package 62. Likew se, the sem conductor package 62,

as shoethe 2Andividuakidliernmtyvde domthe bipecdidie potdryommctibe 440t et 1heEl S 68), =139k out
using the PCB 64. Hence, individual parts of the illustrated |evels of the
| C 22 mpwpsible seimbigations).mat ched to provi de 25 numerous conbi nations of

I ntegration specifical h i.n Fl . 4B, 4C, 4 L n
FIGS. 4B to @%S-t% ﬁéﬁié‘t)ysﬂ’ﬁa‘&\gﬁwﬁﬁ‘%tm%c#ﬁéﬁdﬂ 'tﬁ'aﬁlésﬁ?’ng%m{%ﬁ?i"% ed
generi ¢ - AS 1o NEXTaT -2 o oW : b fel ul t
Prom t RACigHRE e AELe ilerdol 3pd MNELACE eap RSl ML) B " pEPFIMAE

StR I - SfepRsditehd f)'ﬁ}kaﬁ@ degign §yreent €6.NBIG I Qpillustrates ihddC 22manstruntédiatdnteptation

surfaces facing in the sane direction, and are not limted to the surface
f ar t heslevel Standuncludes #eemicenduatarcli &%, otrawise mpwn2e e ghinowadroarghe like. FIG.

PCT/ USO 592 | 5 the, I.C 22 th | i . 2. th
si gnal ‘ﬁé ﬁﬁgf,ré}es §'§t§n Ee% fﬂn%etegﬁ{)bﬁég@%‘ﬁ‘elﬁg i (rzaeﬂ e'?‘l?h\{%ﬁhérs%sﬁfgg??dﬁmm’fi §58,
Figure %es'il&'?vfx!ih)élg”&k“g:%ﬁﬁfeﬁ% RAEHASNALcHLAISRaR 8! PG4T ilfRUhRE Hd 1T £
power connection 46 ahd the I8 signal connection 48 fornmed therewth.

Hence, ¢dpetrudtbdakintigrgiciniesdl@undrhéhdés the seysinemdiictoy dih#8 manetedsnthe bl ock
di agram shown in FIG 2, exceﬁt S that the IC22 is illustrated as a
sthemat sepnieorsingtor substrage 64y asshewn i1 By B, saclesed within g semicopductoraslies $%ons

that apply to,al.l of the figures. } ' g

pac h 1 o Pledfigrarhrond i85 R 0030 Dt AIpE AP 27 G Rctcls RUERETByel
short doghefhchides theRnsissitustor Phél@Ee 8] 4ehowh A8 FIG4C housieddala @i ®okidons
26. A long dashed line represents alternative paths for the power

connect 64yem2timed heferred kd amsd iatdrposecboardnFIGN4E aliustrpics thedbd22 epngiacted ak i ty
and 10 understanding to.the Figures and.this, descriptio d shoul d. be
i nt er pr B¥eEAtD IF’V?H‘? ?‘P‘F’glnf’ﬂdﬁfh@% SERHFOnCYIPT pi'é"kﬁlgﬁﬁaﬁ”ﬁdh? ﬂgpaéglws %’rﬁ’é‘“ inFG.
copnect jgn i npre J - t Skl ThethSibaRal. HrERRBET
sggt em {;L@ If[lga%t{gg(??lra': lg%%%%ﬁ@%b%f%geﬁo&&e [ Crgt?gﬁglforaggnnect I on 48 rof t h}§ I C
22, as grIcridiedonithittdd Gin@integrationHeve 2gamdhosarin #1Gi 40 HoweTtrelGH gnal

connection 26 may be electrically coupled to the to 8,..the bottom 70
and/ or amicipatebiozor emsitheled usipg integratien lenell, ag ﬁ@%“’spﬁlg}nﬁp connection 26 is

el ectrically 83;%8 d llte%elg gg u?%&t?n{ﬂ 40 iRfstrhflf f&&e?&?nﬁg% disA8uliGot benal

connecti on 48, Y el'evation vView o 2, represents

that t hgwshetad acwineslificly Reinsdyvagolsaoaibithtions afthe Sevefsarfantegratibe ateC 22.
The power delivery system IZ Is electrically cqupled tg the_ |C power
c@fnect possiblewick 4re not pepifically shiwwn r Feregamplen theisemicpndystar dig 28 sappmted on

connect ith%nseﬁéon-gﬂgto gl\{sgsrtra A , eagglilo%]n %%I@XBP&W be mounted directly on the PCB 64,
without using the semiconductor package 62. Likewise, the semiconductor package 62, as shov
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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20 electrically coupled to the top 68, the bottom 70 and/ or ”/ﬁ Zd[lﬁje 74 of
the 1C 22. Preferably, the power connection 24 is electri ca?l E upled to
the side 72 of the IC 22. Hence, the IC power connection ﬁus”b@ﬁ 2i nsi de
the el evAYPBHO2 of the | C 22, represents that the power CERAEEE T on 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 e ower

connecti on Ja FiGe5 tachi 24 thepesrrdstizshy Sé(?t@@gz( ’ﬁa_eé_lg,nat E%nsge%t% y%ﬁ]%ﬂ;lé Ehd T he
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advant @gs&g&ﬁé f ggwEPc&ﬂr%cﬂ?ﬁ%@ﬁﬂ e 5 gignslcnaeotibh 48dbrmdiethe@wid, Henee, the
advant ages®i nclude reduci ng the nunber of ground contacts and ov\gr
nF e FeEBlr

. cont actyeck digE@ASHRG G, Blirpererally the gamat az bablackliagr#s shewn
of signal contacts per 30 square area, reducin s{.gnal |t ch,
r educi ngattthe 10 23teillvstrated aa p SsHabiE €LEvall (‘é]z?g’? rF(S[%etS ﬁié&ﬁﬁ?%rggr)ﬂg?ﬂ% E[%t?dzﬁ
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¢tor di

sem co e Size, reducing the IC 22 size, as well asaig%rarovi ng ot her
fact or syfeehatvePatte foetheaignahéanectivss BaniAclona dashed diap representaftemaliys RAEPS,

t he signal connection 26 and_the power. connection 24 : n 5
t he sanfer te pmwersenngstions e Ihese .1ﬁ‘.19’,traf18?) chﬁ%qst%%??gmaé %38 gélkggl?}sl@%?g) of
the IC 22, |n thi ase i.al ] hemdwRY béliddapetededs imitihp @ any
Il)Q:atio‘Hl%(‘?fSt %Fogﬁgﬁ%ﬁi%%b%ndeg%{bgﬁg?%ﬁ%g@mr connection 24 on the
same sige, %fuaﬁ heihSivar: thet MPtdndicasndctien tsanoedmportsntiop betjesthananoditgi neer i ng
reasons, a '

din further detail bel Fi il . C

e Shown The sighel castiraystor 14 if Plegkicaly grplad b uelreyoutt SR Rlig +8 Bk

i nterf 76 and . | Lanal i o

rom t WiE 2.t Qespisaphoich FLGh ot ok SERE Eohnbis e, 'T?‘%?fgfgﬁgﬁ’“?ﬁsu‘gﬂe e

differ eritg%&icggﬁ c@#l&&'f‘o %@t&?ﬁ&%@c&ﬁﬂi 70 and/bethe pale 4@ tiedsi 2h RSy, 16 i n
W

accor dafi e preferred enbodi nents of the pres inpvent o . ce,

the si gRahacamneaidnds Reldcidallesued to thhbotemdP of ﬂrﬂgﬁ] 5%- rlg‘a‘ifsn‘@’g"v T@ iSlé‘HHgF

interface 76 and the second (low). freque ' ' € citdal cbifecti

f r equencomnectpn B eshopmginsids; E’rﬁle"f”%’gﬂ Ml c?lﬂ%lés ?g’%relhérﬁtiﬂrh%%?e Slé%a and the.

second ow. fr ' i e 78 are separated by at |east one
% %V\de}?? E,f%“t%@ %é r?g#(ig@ce Jrsd icose

hert z. € of separating the signal_interfaces .on e
di fferent” si-deneYovidi@eliCer?2ystradeds ahecm-hcelgpum@;cdi 1 dhelEspaver copRRetion 46 Phhe,

between t.he frequencies becomes greater. Each of,t ISt L) 2h mesguRnCy
si gnal @128 hadescribediwithle. 3668 RQWOW%E%%%y?ﬁ% %ﬁ%lcoﬁﬂ% erface 78 may

be, connect ed to any; it hdtbp 8, thb 8BS 70k00R AR ofthe BT 2). PRferablysthe | C

giec

power connection 24 is electrically coupled to the side 72 of the IC 22. Hence, the 1C 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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20 22. Preferably, the first (high) frequency signal interf%?MK YdUP
connected to the top 68 of the IC 22 and the second (low) frequency signal
i nt erfaceygrizsoaonnected to the bottom 70 of the 1 C 22. pthissehasabki on
arrangenment advantageously permts the power connection 24 to be connected
to the side(s) 72 of the IC 22, without considering the |ocation of the
si gnal tifeonagis! fediicidd tiembleé costactdleipht,Adcredsing) thels{graPbandsvidihy increasinglthe

| ocati on arrangenent advantageously corresponds to one type of sjgnal
i nt er f semicosduvber dia size/seduddg the 1€ 23sizer a5 wWaH ay Brproyingotihes dacters r@hgedstpde of
the IC 22 and anohher t%&e OflSSi gnal interface to be used on another side
of t he¢legironics, MECNANCHAREMACHAL | ‘st (high) frequency signal interface 76
may use a c ; :

raquency of Jagiaivéf, IHeatl cSLeban LRI ETRENLdRRIEEEPRAY bt Mihted on

| it er f gesanlebiidhk or eorepides (ijet, @63t tdmIz) dehwdd(e) AY) of thre 022, Sindhisccaée,ow)
frequency signal interface 78 to transfer signals to and froma PCB via

t he cospesialiconsidgrpdorwosidecgivemiodhe lsatiomeiths sigarl comaection 26iand the payver

[ nt r 1 0RoRIoR 44 o SHEFAGRS SILIG 10 G2 PR B copmtarL i i Pngarng e
t f | ' ds, the | f ' I | d
ot car Frasii AR espllbf ke el BAOWEOL TS 1, 0%hi o 1 cquency oi gnal 3 woul d

be carried \i[g. 5688116ARMALOTC 2T e showd i FHG.SS, having a firkte(high) irefnenpyesignal
signals to other circuits directly, without entering the P

\ | CB, .or b
et er i rntetfhee B 2AR seeend (lowd fisqennky sigapkiaterfase Ahdlitensny Fomtge Q{‘ﬁé&hléhg hor t

di st i a PCB . Ehi ' ' | t d
Gi ve ofreaERseEel MR o P SRR U Her RGOS RRIC AR bk B 16ET ey
transmeasian deélgﬁ SySANG ildbddr@dRe Rl thapRferédenibatiitiedte df te predentinvention.

FIG 6B 1s™an efevational view of the IC 22, as shown in FIG 5, having the
first (Héngh)the dignilreequestion 26iigelades atl thefiret (hishd figquensy sigpehinterfas)/6 an

frequency signal interface. 78 . i%fer7 nt., fr.om the fi.r { L gR) frgrgcti,ency
| thérsasend awy Erequency sigdd Pg"@ %H ghifh% Fravencls °5h‘ets'$f8 @’tg’g grequet

fl gpgsemi glttlﬂ% PEGA . gﬁéﬁgﬁo@ &k nlg_:g sﬂgﬁaﬁﬁ&?ﬂ’a@@mﬁc%%ﬂaﬁeﬂ%y&'t @daef r ed

eﬁ%odi ﬁb%ﬂag of e present |nven¥| oﬁl.[e nce, FIG 6B is the sane as FIG

6A excefe Hefth. Howekas td tenefifs of bepakitimgt the §ighajhinteffaemywardiffersntside of tied 2k e
76 and the second (low) frequency signal inte fgce 78. on the 15 ﬁi des
(i.e., hoopd esfrequsney MCrERseRE (Be a@@g«)ﬁfm%f%ffentt plrp@uepsies PEOMGS ELFAThi gh)

frequency si ghgloeil ﬁé&@ﬁ@?@e@g&y@@ﬁ?g&%&mﬁ the SAHEDA¥wS G8GRMncy

interface 7 an ., top 68, bottom 70 and

si de( S)gid) irftbrfidaersl frayBe corltieetb@ tiyysidé (i.,ftop 68, boktogi)0 dndeside(s)ci2) sif gnal C

interface /6 and the second (low) frequency signal interface 78 ar
| 2k at e@DbrPrefeeatiytthe first high) érmen@ signal Apteidagealq 1§ spynecieddo fhe top ﬁ(grﬂfgh‘*;’ IC
frequeng

Ziland 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)

30



20 signal interface 76 and the second (low) frequency si gn;l MW@gf ace 78
may be |ocated on the top 68 or the side(s) 74 of the IC 27 0 kting t he
first (high) frequency signal interface 76 and the second (él zlg) f3§§ uency
si gnal | WeMBAFESYS on the sane side of the IC 22 advant ad&d: 0&’% mts

the high and low frequency signals to be electrically coupled to the sane

PCB, tor, canduct ther |C. 25 This | ' '

pr act E’Sf%?&%af%? g QOlGTIaRRA TS Pl SemiLIvam gt ARG ¢yBe of
.nt er. ; ] i

o1 Pocart BT ARl R SR pi B I R e L e B e e o

more cofpipes Littihe AidiORaHUnEy sithaswoaldteeatiudeisthdeondudsre The cpaductrs sarry

| ocation arrangenment” may require a hybrid interface conneqiéi on between_ the
_1C 22 8O higidfrequenfCEgnilh cthandouds diredtly, vhettenirng theR By of fyeenigEnghe
accommodate the different . frequencies. For, ex I i | (Ri:gh)

f requenkyBgieghisl the ather Pla‘i,"étsﬁésgﬁ RE 9vex A SR ?1%?\?88‘% W)‘Mhé&%' W 1004 WO
. 03/ 037054,.PCT/ US02/ i iSR! drakEp@ndo b misigaabdchns)cofpguency
si gnal ngﬁﬂﬁ%ﬁﬁégsﬁ%?oﬁgﬁzﬁie type of signal interface. In
this C%‘ﬁtingﬁ? i dlehdit @ifsatSicidhne aong naditple RO Bl pers boninimired or
capacitive and conductive types of signals. Mre particularly, the hybrid

i nt er f aglammatedecti on woul d i nclude both dielectric elenents for .the

o S gna  FH. a0 ARk B, Rt ep
i 2{{ I ng ﬁgﬁ,@% é@ﬁ?@%{ac? h@0Rd tHeb&inldafiv)3eeqaBstyaigrt dinetficy 78, affersny

erfa romthe type of 'signal interface 80, each coupled

to diff greamt GighIrequery, sigmpirbéfach 361 @nh ourertitodhelaqms sidepf Be lerd | C 22

representing the package design system 16 |n accordance w.t ed
enbodi mepresenting the prokaeslsagn SyYHOBALID H‘?COF%’H&%‘,“@ ﬁlg"' %ﬂ%ﬁfgﬁ e@‘é’%ﬁ@%ﬁ“ﬁé@%

i ncl udes both the first :Sj ' facsk A ibérgios of tHedirky pe of
si gnal P??F%‘?tf'%}ﬁ@%g?t iﬁeﬁ%é’ﬁrgsﬁétli%g@%#leE?E%I@ipntcgﬁ‘)fgce 80 and the second

type of gﬁ'ggpﬁéqdeﬁ&ﬁﬁgaﬂqn@&aw% iricaths Sexond (lgwa fisqeency mignekinterBee @8 oR dicent
frequenci &s. Each of the first ‘ty(ge of sim I nterface 80 and the second
type of sulegfiad., topo8s hattom §dand HEEEHE) ofith 2)imtation, conductive,

Chown 11" aied s R PRI O LS po o S e

types Oﬁnt‘effﬁ mia?Tb‘% Néaf@%n & bbep 68nbaiedm 7D anbeie(s) Kok of thi 22he
types of signal i1nterfaces also include characteristics, of %he sé)?r}alaﬁ
carri ed Poyfetaby, ttypfsst (i gle) fipqueneyrrignal ttardace 3 apd Qfeg%‘?a?ndi@.%"r')a PRIFPSL T8

i nclude, without limtatiopn, .fre [ . | @@E Bec
e Baeriase Therepeated ?ry@s bSﬁO&@"g?&? ﬁ??r'f %@g’?’?&@ﬂﬁmﬁ?g’é%o gd d pe of
signal i gnnashRct sigaslintsifae 78 mey be laspted 8n thotopom
70and S| 2“3‘?&?520)%2781[%??%@%&8%8 P?efeqer agj;ry,ga?hlé first :

68 or the side(s) 74 of the IC 22. E

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 Tequire 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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type of signal interface 80 is connected to the top 68 of thﬁ | C 22, and
the second type of signal interface 82 is connected to thd A B 70 of
the | C 2% #¥id3essnati vely, the second type of signal i nteplgege330smy be
connected to the side(s) 74 of the I1C 22. This type of signal interface
arrangenment i s advantageous when fhe electrical and/or 25 nechani cal

char achekighdliifierfate satthelsy@mdqiow) Bsplendydigial atefaedssRaytidelths esduchad it

| ess expensive or easier to |locate themon different sides of the |IC 22.
For extypel of signabintérfase. dy fhas ofsesthghybrid interfact aernegtionragcommasiatesdwth thed t he

second type, of signal jnterface 82 be capacitive.. Lpn this case,. the
opt | CaFapHerd COPRURIIELVRES S gigapls. More RerticBlarly e ﬁybm In{FHEPCEIRRNREEHARI t i ve

Ther ef g1 i REBRHP ARl o ot (R a8 o e S RANAES contacts for
i 'Eterfﬁi‘cecd?.au@m%t?gglefgxgnﬂhe | C 22 and the capacitive signal interface on

anot her side of e 1C22. 32 WO 03/037054 2 7 MAY 2004 PCT/ US02130592
FIG 7B il i6Gr aAds an bevh®m viessofthein 22, msBh@vn & FKa\A, hgvinpe firstriype 0f/pe of

SR s R, 555 o BB R 55 Band  The
IC 22 ¢ ' hQn: ' . i
.22 SRR I IR S ISR B R e psh e Y,

as Fl Crephésehtifi BRiPackafe ddifenl 9stein DoinGiccdrigndeiwitt the pReferdéd ehsdinenhitcithace
80 and t'he second type of signal interface 82 on the sides (i.e., top 68,
bidk t o mpTeeninuveitibey $jenzs,) the signplecongegtipn 26Haclndesdoth thedirgtyps efrragnal interfacec e

o shomadis sesond e o3 sismaP BltaeE b2 IR Brt Fpd o ai5e SRPABERG AR fclflor |1c
first g%;g]éeof%ﬁ%n}h SH@iade ehhR G839 BRI D eheSRGRN diifRentIfeqhibi@l. 1 nterface

82 is nect to the 10 bottom 70 of the I1C 22. Alternatively, both the
first type dachiofiied fitshtypefofisign8lnmniict $lramithe netond yyre offsignabmedrfaca@r f ace
82 may be connected to the tqQp 68 or the si

. ] 1 10, p e(.s) 74 of the I C 22.
Advant agégdq;mthﬁméhmlﬁaﬂﬁ@éﬁﬂﬁwléfﬁec@ﬁﬂw%ﬂmf%gv%&P“Fﬁﬁs‘ms%ssil% ﬁlmanés with

reference .t o Or i ch t40n i Qe
oﬁerl aav%?les[she ° eq“thyu&elr?ctgb 15 ir%gﬁg‘{l&?eﬁlt‘g{r%?gg%'sﬂgeg%% (Bke?%&lﬁ nﬁ%a%%-?sg%e t%%‘%and- 6B
and t hgidnaPRerices isantatribadtinrdtailabooke sNote it thatybtsGi sightl anetfatts hisc inctadet he
frequency signal interfaces described in FIGS, 6A and 6B necessarily have

some - t wheragterigtieprefithe pigapls samied by thntvpes efeenal miartaceh ednchyst 1argteHsEs 78,

For examql i.n F BA the fi] L.agh) : hignal interface 76 is
pref er éﬁ%g‘% “@ﬁﬁ’é‘t&W‘%‘b{'yp%qugééé%lggghﬂ?h?é@ﬁ%ﬁ?%%gﬁtl e second (I ow)
frequency sigpalofithd Bfst 8ge o?eiginﬂ infepfats BPAY the oAU CipessT sigthbindérfaie®2ahay

interface. In this exanple, 20 each type of signal interface carries
s2@nal deatonridtéktomny sidedgeter ¢ botther B andsidefs) 72hokthade 22i Jreferably, 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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and by this exanple, various conbinations of FIGS. 6A, 6B, 7A and 7B are
possi ble and within the scope of the present description. FM8S(iSA SB, 8C

and 8D il ] us cross-sectional views of the I1C 22, as Sft(]_ol")ﬂ d2RefhGS.  4C
and 5, ha‘&ﬁr‘?g}‘)ﬁogﬁal 48 and/ or power 46 connections |ocate ou? spd“e, flush
wi th, recessed or 25 inside, respectively, the sem conductor package 62

epresent | G S pARGRNG 00 MShARIHEIGCLRIRGTR: el fpt besiprafistrtact

enbodi ment s esent i nvention. erably, 'the 1C22 is a

seni Congualdihe Bapkagwheiot sl @alatertme 82) diffelent fromdbs typa of signaitinisrfa¢ens(rleah 4C
above. Alternatively, the I1C 22 may be forned as any | evel gesi N a3
shown icoupleGo thesamtBideiet tha I 23 meprasenting theppckagaieHER FYSEm A8 DLafcordegre

. LESM RS pralTos BRBReT ! CRBIOT AR of hre el L ag S BEY o
ke of, clari ' ks L ene ’ D4
T/ Lo S ento] g Mfisl Q8 oL g ey e P comon.

~i ncl udi peerf e 83 BRIt GEsC( e, tor6s; hagemed antiside(x)i7ApoftheI€ 8@. 68, the bottom
70, the sides 72 and 74), the IC sianal connection _ 48, the_l

a C
connect i on 4Bhe fitse ypiegriaignebimtastace 8 aq@@wac%%l%&}%ﬁé&%éﬁ%fbeas

d | bed ab . The I | 4 | I ' 6
ar ot hooTBRBoRD SORLE (iohath BTt AL Bf e C2 TacrepBRE b ns

pr edet eﬁrgi ﬁ&% oggigglﬁg@mlﬁé 80 ThE Y Relslaaym A friterkare 83 i8Cormmyteth tvtheany

val ue a erent on one or nore sides of the sem conductor

P3G Kagebditom TOf S TICIN dAtttmati vy kmiiethe firstdypeel signahiderfice §A ynd s spidit e

material. Preferably, the value of the predeter 'ne{g th}rﬁ%ﬂﬁé §8 is

appr opr typeof signalintertape 82 By desopag tﬁ?éﬁ"’pﬁoﬁ i e SRR E et fal s for

t he sem ogl_guct or ﬁlﬁ?Ck e oot F‘I%rs%g&atglt at dbREHY 3 FRG.YB WhE refifeastetoahai ned
Sl

t hi ckned8vasages of on a es of the sem conductor package 62. The
| C 22 nﬁybﬁ@merf@glagﬁﬁ&ﬁbn,f eatures (not shown) that permt the IC 22 to be

aligned “and/or attached to another_ structure jncluding, w thout
i tati on.. aoRCBat cronmere oVeramet thefegnency sighal i dhtabed iy FIGR: 64
conduct or not.her, | C nd the l.i i 682 OBt BHcBSse TR frBguchby
- f 3P med é%déﬁﬁﬁhgli‘eetmﬁgf ?@S‘Pﬂi’ﬁ%ﬁf éeciéglfl ?éaggﬁ%daﬁﬁgqghe € 25 or i nt egr gﬁ
-~ formed H&BQI Therab& ERerifd®tin FIESheAiaaalBireatsvarily hiane santetypaof sigual ntertace,
limtatioh, pins, ridges, posts, pegs, bunps, and_t he@i'hegésg&eﬁ)dﬁn‘%ﬁ
beyond euth-@rthawrdessiivddanddG8T 74 had [/B. For exareplern Ko@), the g0 HYBiTgRs,
and the |ike extending int.o one or.nore : tha hCsand (B
mechani é’@lﬂal‘“@é"(rfﬂcég ﬁ%&efe(’j? F&g?%’hté‘?%gypct ifégﬁ%rg‘? \;iﬁé%r?%rg, my cooper g_t e) Wit {1
separ at g, f Rlde a8 L ARSI, atohdsdtive Bepelof sRRal iAterfibe InGhisicyample,
connect i%rgﬁﬁ%‘?(i%? lljggeé siegnal I:,cont a(S:,t s 90. The signal contacts 8}9 Br ovi de
20 each type of signal interface carries signals at different frequencies. Therefore, by this hotation
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 isa
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. 44, 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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any type of path that permts the signals on the signal coggpﬁ%ﬁ@ 26 to be
received by the I1C 22 and/or to be transmtted by the |IC 22. e, the

si gnal ocwotpes®msP0 are conpatible with the various types POI/E0YHEFI2 '
interfaces, as shown in the table 84 in FIGS. 7A and 7B, i ncluding,
w thout |imtation, conductive, capacitive, inductive, optical,
transni ssi opis. s, 8] 8@ 4l 813 sachdmvBdpames nycammoh éndydieg dfe semienuductor

i nterface enpl oyed, the signal contacts 90 have a variety of chani.cal
and el pekagecsd (ificindingdhe topddSs Hierbatioar Vdtthe §1B‘3W?e‘?ild( 71{3: @‘Péﬁaﬁ‘g"@gﬁ?% Qe

conmpatible wth the conductiyve.type of si | h@n

cont act® thelGpewsy ‘@P@F%Eﬂr&/%rélbeem%%/ﬁ r?g{l%'?lcac’g g 8lf)“rl % ﬁe e ﬁ‘geg?%‘rr‘#@@ g %t %‘J’ct s.
Wen the signal co ab b theWidra] EGiBIeCRRL6 hie\tRe Sath€ aof

si gnal IFRE ‘%?%’8&’?' q%‘g%?ﬁ’é’%%fgﬁ‘%&g%t gcts 50 éalli?e prgf erably made of netal
t g proyidgb@isovede of the conductive plates needed for capacitive signal

transfer. Alternatively, the dielectric material . nay ovid wWth 34 2
7 MAY 2004 Ve @aﬁﬁaﬂmtmmmgwe@%m}@%@ﬁcﬁ@- g@%ﬁﬂf&‘?‘? FIgFd s es.
Not e that the ot her side of the, conductiv I :

pr ovi dibckagss88maYy bave MV aun AELESY ?)e‘éliffqrgnt%ggég??)gé@ﬂ ‘lt:ﬁ P g\ﬁ? or 'glé{lf%d{a@tor
bel ow. Wen, therfl Baf 08 Tethichlof awh bfprbpdate Ahiteidlve type
of si gB%qkag%ﬁﬁe].rF&%g%cﬁg&ﬂ%@agf%&% agfs 90 are ﬂflbeprra I_?/ made of net al
to providerapRetieiveeuedt thé predetranied thickiess8is fpprepgtitaifor srclopmressFeugngnal

transfer. Nofe that the other side of the cgndu tils‘ye el iyrre&gt %notf shown)
daul d piastic oveatenticonateripigHonthe spmicondpFiRtpaskase s - feferaply:das ¥plup of ¢
further detail OW. n_the,_ si zont A RcoP PRAtible Wi th the
opt i caprﬁwgﬁ“@%@%ﬁt%hﬁa%ée%ﬁ@ sq‘gé}gna esscegﬁ%actg Qgﬁpragf erably form
one or Imor & (4RYCOAl mby ARRNbERREaR fulhats @t $hoan) et pemsit the 16522 tai b aligned
describe in further detail below 10 Wien the signal contacts 90

re.
conpat isailfer witdiched heanatherstiuskiromcluding, siheubhmyation p PGRyagongecor, %ﬂ’@“@gﬁn al

contacts 90 preferably forns ransm ss~on. 4.4 ' : a
proper CPMFed 8Kt Ak EAUG? C{cﬁ’e | eﬁﬁ:’ %gntiﬁ%%%'gﬁﬁé%l@%%%%gé % tﬁgﬁlﬁfg

22, and g he S| 3%@ 100t ENAWIE 2216 ileralip fdrfacdAvith e (12 Thgnal
cﬁ%t actftgméﬁts%%gﬁ%gte at1ble vviat‘h the wirel ess type of signal i nterfa(iii,é t he
15 si gnaéchamidhldfeiarddGngtudd, avitivy lifnjtatien, pins Aidessn ROSHIPELS, DuBDS 2y BGilfE f or

o5 atendinechey o Bt AOROS IR 0E 16 2; BT Poanisen s (ki g e b
i nside the | C.22. Al td , b8INhe ARAHACIaS fAbhrePal Gsrta faatkners
pr ovi dEETHEmER on?@ (lgrtqée fguy@héeé ogt%%a(?t%ont%ct s 90 are el ectair[i cally coupl ed

to the BeRbaeRbiGhsys cdﬂg&raﬁ@wﬁth@bpat_ihte\zfm)enemtol aligaedeend/orsitiaeh thed C 22. |
Sg{r)n conduct O{'hep% Eizgsl cogﬁecct:i%g\gf%ni;xlzlg gsl sigg'a an zslctg 8. Rhe gi'g%ﬁl”c%n%a@& i &%Hdccal
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

34



coupling include, without limtation, wre bonding, tab bongiymgy ki p-chip
bondi ng, and the like, as are well known in the art of sem conduct or
manuf acturing. Preferably, the electrical coupling betwee i_gnal

cont act s WO %M4d7%he seni conductor die 58 are nmade using V\/i&é’}s’ng%z{"%}re
bonds, each being well known in the art of sem conductor manufacturing. 25

The signal contacts 90 may be | ogat n sid i | p
65, bothoi: 26,0n e deadhevaacas) Nof (Ham Qg ape Siuo SV iR (acf shork
contacts are locate 70, Qf 2d hichihet Setabelbwt he
pref er r‘"é’ﬁ“?%%ﬁ‘f‘?’b‘?f’%o(fn ?Egﬁs%rgﬁaﬂb&%%%ré% i?)’rtl1 GSZ%H,E as desor | bed above.
Al ternative \8eALOSEniIontde i g admpaitlawith telnduaivsgwroicgnahiatarése.gbe
and the side 74 of the sem conductor package 62. The sjgnal, contacts 90

Lare il Isi?xﬁzﬂabﬂ(dcﬁsr%@aeprdfexgbbfenak of inkRit]do Broyadesons et thhePNERRIEY SRy j ¢
Practically, the signal contacts l,.hel ud Iy afe LRYZ) ' I

coht act keedod fc&gp@mvrs@lg[@?g Cls il\&g%*haﬁ%’?ﬁﬁmf lgES ?léh%é%()ﬂg%cxft"ggtfgén@%}%y have
-any eleyation 35,2 7 hPRR/d3RRDR ifi Glrttet Weail belohe
sem conél?@f"grcob C‘T?éb?b@;d%g%g‘%ﬁf)ggﬁé Qat? e ??gqr%equﬁcont acts 90 all have the
sane el evat m;bnrtﬁb &fonEcdnfactd 80 e ompatible with thackingbtype of ighal isteHastgditent
permts ease 0 manuf acturing of the sem_ conductor p%a%eﬁ arédveeagg of
connect igfialtoontaots % preferatdy fomcens ggnore aphieal AAPTHRELT 20eL PBPEN X°°CSht At s
90 individually may have giif%ff? nt elevations relative to the 5 package 62
to acco%h&ﬁ@scﬁ@ﬁil’ég{e}% 28PeNYi neeri ng considerations. The si gnal
SygLacts 99 (R BN YorRHAD00 ak cbfhpatibll Shth e trensibsiomliat e of el
Shapes include, " Wth Imtation, sSquare, rectangular, round, .v?l, and
the |i keytefficef fieainal coiitacts D@ praferably foives Dtransmyssiolingintsyfage © PIPYIAe 1gf dym
square range. Preferably, th

e terial is vani i ¥ ower
connect poypenBnperange BLat 880 %S%@&Pﬂ%’ﬁf’ﬂ?k ?uﬁgﬁafooﬁﬁ rregf(? g#anr%{tﬁglsigg%ﬁe
10 power cont.ac rovi of path that permts the power on the
power CSW%PBKH(gﬁg}!‘Hgg%Sﬁ%&%%@?%d to the I C 22. The power contacts 92
are coupl ed- b eSesias ensties 60 ath cenfpatiplectith thhwirejess brpstoé gienplgpisetapn dhe

sem conduct or package 62. Preferably, the electrical goupling.: e
paser caeignattontaas 90 grafereblyderas AywesR 17&1‘?@@8‘0&’?%“%%’& a&’é‘i’P% “ﬁf‘%&é@%’ﬁ‘é&ﬂ

wi re bonds, .each . bejn | | ) ' : ArfeR@ KRG o R Farginthe signal
Pr ef er abeireen eﬁ%&“@ﬂ%@’&@%@ﬁ%g%@%?gh@&w | ar ger in s}isze than the
si gnal  GanEaclS Q6 st ikiedethe o€ 2R c Alltenmtipéliy e SignsloentacidOameforegitact s
92 and the sem conductor die 58 is heavier than the electrical coupling
bet ween grbédsilgnaitenmotselfct s 90 and the semi conductor die 58. This
construction advant ggeous] y. perm t 8 siBrheastihstahgtny he
B B A R TSP Sy eup D R oo fecatutio p da o)

power cont act s Btag than through the signal |
cop act §,90.4 ﬂlshﬁ&hé @M@P@&&%ﬁfécﬁﬁg@ 638 Coaenfivealowthodcfon peoiding therplgetpgal
e si des

| oCated ‘ofi"any 'side or al (i e. top 68, hottom 70, . )
coupling include, without limitation, wire bonding, tab bonding, fgp-czlp 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 match 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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sides 72 and 74) of the 1C 22. Preferably, the power. contacts] Q% Apie

| ocated on the side(s) 72 of the IC 22 to match the preferred | ocati on of
t he powew@asiongotd on 24, as described above and to free upcTros®/mewt acts
on the I1C 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 andreldtiveliotiasenvitofucafr patiagsddi dwefdnablye thepigiahgentsds 90 ald havathesamepower

contacts on the _sideg}%) 72 of the 1C 22 sjgnificantly reduces the force
per si glavationolative tothe sspieandusiop RacHagH B2« Hils Arangem PR3P 70 of

the I C 22 because .t.he force [ [ ieS ] . ' hS.
L ocat | RATMREETHE RECssrRRGTIRER oRRNER 63 40l 8 difohbeliBE Ml Pt s
reduce £0,C ' &ffefefifelat Ridas tdigtive-taxhs on

t he boﬂ%%ﬁ%agf%eﬁgﬁagb%%&ggﬁgc@gggﬁgﬁ% force is iggzdedIBO when t he

sisgnal pakag@6?2 so Soantoddiev s desiost engireedey eonsiderations bilihe sigoal copiasts 3k
sides of the IC 22. The power cqntac 2 a Il lustrated in.each figure
as si npiay have ey skape, $ike pighanegengl aliﬂi &l&%lzf%ggapfi‘s M@“ UA%%%%%@%M
PCT/ US02/ 30592 Practicall r t Encl htq

i ndi vi SRS, SERtRReUIan T D%a%’di“ rgaﬁlégﬁ%@'c%%?eg%bﬁg’ tﬁ%%r%? iesrs}%c%!ri\%|6ggbl tl'c()j eac 8'C?\A/er

pat h a’&fil.gg%’lauﬁ%trﬁmgési’rg%‘féﬁl&,hﬁélum&xim isef @l eniembRif. G 1. The power
contacts may' have any el evation relative to the sem conductor package 62
and pr ef er affihg ICtgosyer abhndetioe 46 limcludassondustise power eontacts,22 fosned ef metal. The

sem conduct or package 62. This rrange t permts ease. of nuf rin
30 't hoPaBR et PTONIes AR 5Pl et ASEH BN RN B PP Yok ey 2 e O
cont act;s,. ety RANE 52 GRIR | faeHivdrdusiol MiensBY(nBav e

di fferg%ﬁ%?%vé!a%ﬂgé??df:ﬁgﬁo\%&t%g t he 9gerri cogtggé(?(%d%g%kage_ 62 teo. @
acCcomMgpgws) Madted ifsidecthg seizohdustonpeekajetet iPyefsrably, teepgleasrieal spepling WwGtwem
Illustrates that the signal contagts 9 g&d/or he. power a(}@gt.ac{)sxﬁ%z ar e

| ocat ethe powerrostagts I ndtBeserBisaneader dg% FGANES USiE WHPSAEES PP, gar%‘nal
cont acts. 90 [or th . Q2 i

cort acoeine yaLbad e IC SRR PG DE, BEGBoRRO N oP U Honerally
predet gngbidifanam theMeii codtects DOald thoeltearital coGplpiabwetrhthe power contacts

contacts 92 may have any value and may be different on one or_nore sides of
the sed2cmddbesamicopdusterghe 52 is lmayies thap|the elegidca) spupling betweenthe ggel ni ned
hei ght 94 is ropriate for 15.m.6r QIO . ' | am c
ot or pateE 0 B e BARer E i AB GRSy M GRb AN bérefls AREET, T

pr edet e mi.ned aghatih (4hugh tidjfovidr@Batactoth 3d Snfforaidiopdie Sthpeiougtothizact s
92 is the same on all srdes of the sem conductor package 62. FIG 8B

i || ust rsigrad contadts POe¢o tiegraticondnetar die 330 and/ or the power contacts 92 are
Bhiacts 00 TrparCNBsBEBpE: Redenaipg s g al it (e SFRE tiehy 70,07
sur f ace; of -Hhe 158 (AU CI DT PRAGKAY NS BowsH dontadfe 92 dré fdchRI®R 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 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 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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t hat the signal contacts 90 and/or the power contacts 92 arezl Eﬂﬁ
partially recessed inside corresponding indentations 98 forired 'l he

sem conduct or package 62. In this case, the signal conta Lbor the
power coﬁyg@?@B@§‘are recessed bel ow the outer surface ofq%ﬁgggnﬁﬂﬂl

sem conduct or package 62 by a predeterm ned hei ght 96. The predeterm ned

hei ght 96 of .the 25 si gnal t act ) )
h:{,g argrag,t?maug, tglﬁ @omsglg, g(glﬁacag ??g]?: uﬁiﬁ n%ﬁtl@ﬁ gﬁﬁg&hﬁ@%&%\é’?%ﬁ&g ]Eu?ef eu&? cofycts
seni concg)gl%ggéndﬁggr%a&eh ?Gweﬁ;;ﬁﬁ efi@blovind hAIB, Males@itefl vittereforentette Fifined

'S ap fo

hei ght opriate M Cr Oprocessors usi ng@ | astic or ceraﬂi C
mat eri al s f oThé pewersmtae oty hayeaok atpyatbon reRier |spmiqopdusiel RASkege §4he

predet ermi ned hei ght 96 of the signal. caontacts, 90 and/or.t .
. cont actandgefesabindheranibhave the pansg %@‘éa“&‘? f‘%ﬁ%"%@ﬁpﬁ SRR dietay @gﬁ@gg%go o
The recesses advant ageously reduce. co ' | RAEedE of he
si ynal w&w&t%@% %?M%W%@%%@%%%ﬁggz and/or the

. power c ‘ ERRREER . NEleridtiel yooheer bomthets P2 andividiahrmay heve
attachn‘éédr%l%&eo;}%r%gesg%?fthe %g%er connect}Fgﬁva and/ or signal connection
26. Fl GlifeRnit klevatismtretive at the kemsbghustorpeekaget0d toecerunestals OGS wer
contacts 92 are located inside the sem conductor package 62. In this case,
the si genginesomgzensideptiont fAPPIWEASonwer 5 contacts 92 are di sposed inside
an i nner sur e, of..th ) he BBWver comtdci@peare hécated
advant ageous%@é'ezf‘ie%1W§§e§?@gg$€gﬁgﬁ%%ﬁ%yéﬁangge of the signal

c@pt act 5,20 ROGHRtoh AR 1IPAERage @I Actits @Re, thhsighdl congetalo0 codive BRIV A8

i ncl udes a signal package interface 100, The signal package.,,nterface 100
i s any towutectsD2iard mised @bovethe opieF pyrfage Pﬁ@leéP@?ﬁ.ﬂ%‘&%?ﬁ%&%@ W(;% ated inside
the 10 seni conduct or kage 62 1 ' i L tsODHAG & iedpadfer

| ocat edPWE"F‘H@‘eﬁh@gﬁéﬁi @HBUF@F S*r%"%ggf%g%gt %uzéjhﬁl%gﬁ%g?lgcﬁg% tp?ac kage. imr face
100 may b&,{Q0hBEh RS 5§ Rahdlkbd kil be diff@entidicoreaninooe dides of thp serigged@orand

t hen neéhani ca 'y joined"to the sem conductor package 62 usi 3% vari ous
met hods patleige 8. Preferablyythedvaheg ofdhepredeieamingd hegbiold 1s sPRIGPFEF dfice press

fit, adhesive, and the |ike. The separa ©b2 . PRIGTP,
orl5a di MHETOPRICCRITBRIIRE PHSHE ﬂrece’lgmgé]ﬁﬁ%atrlgﬁogﬁ)% Seg%%%ﬂgg%tt’gg&%ﬂ ernati vgl,;

the signal ' 90and/otthe pawersentactsf 92 i
€ sl ggﬁ%}’ﬁg‘%g@%g@% hite? Heht 9B Y1 BiR sigalBshtass Shan g patveTyn e

sem con or p e signal package interface 100 is illustrated
in  eachhd ighe 6n al skiespf thebmixosddater pabkagsdle of clarity. Practically, the

si gnal package interface 100 may include .ane.or L ndivi breSiheitad
package inter %@Blﬁgs‘é%iﬁ%g‘é%ﬁazg%l chtag‘rggﬁ agﬁ@ﬁg "S"ag{ Egﬁtg%tg?%e nechani cal
and el ectrical, featur >ITh $hik €8sePfhetsiPabicgnrls Ppaidagehé power ace
100 dep on Wg S%%b%%g?&g{g%gflﬁferface Sseg, iggls shown in témg t.ﬁbl e 84

i Lhal CS. cohbicBSh 4B even with the outer surface of the semiconductor package 62. FIG. C 1llustrates

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 15 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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For exanple, a capacitive type of signal interface may requiegmw%?‘ t he
signal package interface 100 be fornmed as a dielectric material.” Tn this

case, theygbgeabsscontacts 90 provi de one side of the conduc/usee/psat es
required for capacitive signal transfer. The second side of the conductive
pl ates 25 (not shown) is on the outside of the sem conductor package 62 and

may be apd/ey itdashwen cantaEiB 901 Themewessss mngctlsr proTide meéchamtalplighmget ot er f ace
100 forns the dielectric material having an app{opri ate dielectric

const anttachmend features fyahe power eomgertion: 24and{ox s1g5at YABACHAR2G onduct i ve pl at es

f si | s hayi ] Late f ' | . ,
opttoal typd tor B BRERR Al fasiRAtiFAchR0 AR b poiRer Phfous Farf ARG 2"
| nt 1 { Qeuc 8 B%idAHTRGr AtiABe B! Lithls dasfiShe difhdl 8020396 and/GettSiak

contact’s m-an opti transmtter and/or an optical receiver. The
siggnal cpAGLRGe dr@ﬂﬁgés’t@ﬁn.ﬁﬂ@aﬁ omessurfaee opthesaidondsctoopBBage 62. NMMs 7004 WO
03103705 PCT/ US02130592 channel nodul ated signals in tgﬁgﬂfor of Ii g?b

waves tamangmyhertiadvandageousl RNy patpReqnsaINgon Ny QrrANASE Pb HiF SIENRL cQptaet
package interface 100tag%y formone or nore holes extending through the

seni corRBOr Bhe BIELEBIaEB 32 pernit the signal connection 26, forned as -
optical fi beﬁfe id #}g@ﬁ colB&CBA 48 3hd 1N d &R d slﬁl%ﬂggé{dkhge ioberf4ep100aIThé EigasIPdckege
i'Ca .

and/ or the op receiver inside the . In 5 this alternative, the
one or iflRFac DI angyypd siinteeface that pammisthesignd icbetests £8 legated igside they
anot her exanpl a transm ssion lin '

y N i | t f L int ¢
' nsngbrot paioat G Srpue R R etk GEbS T 35l R g, o0

i npedance. mat.chi n Lce. . . ' '
packagaemiggrpapEbadoee G, ThE Siehtl RRKEL: 1HRRARELAY B KHEIATS sdrd e
i Nt er f e kkdteniBsAticioriyack 4pe\rand eidramechafi2allp jritesictoithessasicardactd package

sem conduct or package 62 to operate with the power connection 24 | ocated
out si des2using saitus anetbedsoruch 28 Rsed mEiding Ry eh BRMING, SORDSy ILCHFERGEESS 1Y nay

be f at t f h i
mechani ey, R alifs TheseaiCRiEy 55 MbRINE JndiR A eeimaial Ao
l”P!f(di ”%ﬁnﬁé{cgfdu%!r ?Ea&ge %Q?Qﬁtenidﬁiv@{ﬂ HeanNgal Pickage fntdrface d0@ aiay de farmkd dsan

| Ke. e or ne

separate part nay be of the sane or a different )
mat er i aintegsal tpast of ¢ind seomidordustor packegg 626 The signalapaskagoiateyfacy HW isdlesirafedciRage

[ f 02 be f d [ - al . f th '
backageaoh fgwreassimele Hamke odaks pLag o srben R, fl Pepd SRHaBE R 100,
as sl nBéﬁ %@%@e{oﬁ@%@?ﬁ@ﬁaﬁigﬂl PhdKale idtérdieli108 ebitespbhding evedchigdahge

i nterfac one or nore individual power package interface
102 corggeponding to each signal path. The 20 nechanical and el ectrical

B0 ype of  Fbe medbmen 0 clericobiegBEH CRRATEHNES o i Goh AP EATB
the 1C 22, YiAnk 8 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 mterface
100 be formed as a dielectric material. In this case, the signal contacts 90 provide one side of the
conductive plates required for éapacitive 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, ctc.
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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power contacts 92. In FIGS. 8A, 8B, 8C and 8D, the features are illustrated
therein are for illustration and not for limtation, and a]hZIMf%&[fﬂhre from
any one of the Figures nay be conbined with any feature 251}_(%{/8 n tzher of
t he Fi gurW® @B@3@dvi de nul ti pl e conbi nati ons of features. g@?gﬂ%’l e, the
signal contacts 90 |ocated inside the sem conductor package 62, as shown in

FIG 8D may be conbined with the power contact 2 | ocat ed | flush
with, oshannelanedulated signals i g forn @l Belrvayss kygee ?S%{E“’B‘Pfg‘{%"?i%tﬁaf?ggﬁ?' 8A,

8B and 8C, respectively, FIGS.. 9 | iME eoh t he
' 557 ABesminny; werel viskeiaipes fhiay gl oiefshde Bgls ﬁg@ﬁgfif; gﬂ%{,
contactg 99 @,@&ai Liogalceangtioh D6, forpeds, optioltfibers, Tobe
and/ or e&&?@%%ﬁ&#@é%@%?%él , Ot?ﬁ% hlgﬁl C 22 rg oy

presenting. the tgaiéage
.desi gn gyusheReally AliEnd® Wil (RS6HRADGnstiTera/ ot orticalusEy 05 He afe
with the preferred enbodi nents of the_ present inventi.on. |
t hee fitgualésnativehtresingraaimare holge ﬂ@ygﬁoéﬁﬂ'}”‘éi}lﬁdﬁ\\ﬁ@% f@&mtgéﬁ%ﬁggﬂagg ahbifier

.represented as equally spaced sqgu s ok k ' & siI@RAlY .
Pract i ce¥agples ‘h'@%”é}ﬁé?n %Plé\g}rgleg%@é%%f%gn éél])ﬂ\klbe&rﬁc%g%d ag‘%ﬁs&%ﬁggﬁrrgfl ave any

appropriate st NEREbe folthSKREsSimpelisiRn sidthingddwide, etc. Hence, the
arrangeﬁ%%aggflﬁ?ﬁaé&S Si genfgpﬁgd(;nt act sp@90 and/ or power contacts 92 on one or
more of the tygR 16%ovReichameciion 46 iicbides 8 pdwespackageonterfies 13- 130 pPyg) Resase
mul tiple enbodi ments that are within the scope of th LA I Iin. More
parti cubmtetfyce F12ds agatynel Qfélﬂtﬁléﬂ@sth?tﬂ’ér@%&’%@%gpr ??Piacﬁsééggﬁgé iﬂ%ﬁg\}gﬁl abl e

to carry signal contact 0 : : He®.ouliie thé ust r at es
t H® bot F%‘Hf"f’ggﬂcftmm@ e %%o%]l%ﬁgé %Bﬁgﬁwgg%ﬁét\cggggﬁof Si grlllal contacts 90

and/ or pouel,aeRbAsAckaPee2.l N the preferred embodi nents of the present
I nventi on, tﬁe sighal contacts 90 are |ocated, on the bottogg‘ 781?0f the IC

22, as shown ThepdwdspadiBigeintarfaed 02/mashe raed a2 seppglyRayt €the IC 22

being available to carr i | contac . I $ 69%uch N
the pr eﬁé@%@@%bﬂﬁ%ﬁgéﬁyﬁgnﬁhﬂﬁlyiyﬁ@gﬁ |og,sertﬂﬁ§ﬁ\%u§m€§?a é!Lgi(‘)gnt acts 92

are |located .o | : hferRrancapreshiyadhasive) €ad tBClika. 5Tk GS. |
A, | o@@ﬁd“%@g}ﬁ%g’& ?%ﬁné%nuf)gr’gﬁ%h@tﬁé% g)%aﬁlbl eswgf t]he.arrar][gﬁg&g%ga
e

| opat i onyephratdjursingy b faandadtie @feamd/dfferpehiatcrisip the semaeongie

of the top 68, bottom 70 and/or. sjde 72.0 h I

i | | ust r abbemativalyitthe PRWER paskageoRieniect fw@)ﬁlﬁ%b%g"’%’fegta%% @@@ﬁgg %g&

avai | abl e_to.c E{%ﬁ@%@g%ﬁ%&@%&%& REf2BO VY is Glbftrated $n 62h figwré amer
e

porti on SEHECC is avail a 0 receive a heat sink, a heat
spr eader g oe §ib6kd fok the SRkebLelabtyy Praduieallys she povesiparkags interians dA2 maygpciude

contact with the 1C 22 to provide a thernmal path faor he t aww.. ana
f r om t heode®1A8ore individual powper package nfer acenl%?. c%rrespongmg 15 &lch S?ngFp‘ﬂfl. e y

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 systefn 161n
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FIG | OBillustrates an outer portion 10 8 and an inner portion | 10 of
the top 6 8 o f the IC 22 being available to carry signal ggnigqgrg 90

and/ or pauEfBaRyacts 92. Preferably, the outer portion neRbahes the
power contacts 92 and the inner portion 110 carries the signal contacts 90.
25 This arrangenent is advantageous when the power contacts 92 and the

si gnal &%&;ﬁe& wiQnb preferréli éibsditients Y@t [rbseht Ivaktion. 1Theadtpefbe tiase Sipors, i n
tabl e %4 of FIGS. 7A and 7B, such as, for exanple, when the power contacts
92 ar etheeighat tontecta 80 antiler poyentontasts Hcars reesenied ¢a pauallyi spacedmgeares fac
illustrates an outer portion,112 and, an inner portion. 114 of tﬁg tO)P 6 8 0
f the ilpsirationpusposssiany. Bacieallyethe §ignat ¢aptactythand/e RONET SOMRFts Ha r

tacts 92. Pref bl t 0 : ey 1 '
cont actdy asprarrte Rzt shies ey e B o g Bl eitrah BB e,
We 03/ Q37004 néacts an 80 wdzebhtal 20 302Ré or hibrébhe 1db 68, Hotte@TRAIdI6r 112

i Aicl udes appropriate electrical and nmechani cal features and

char ackige{sy 72 o tHed (D2 D pioveleametipleteribodiménts et are avithint thespopetnd the gnal
connection 26 and/or power connection 24 and the IC 22. The connector 112
i s comppecifidadioni t h t he various types of signal interfaces described with

table 84 in FEIGS. 7A.and . . i t sﬂ@% . 'tgeaah?,of

t he present M?ﬁ?é’rﬁt?cd%?:&’ﬁgét%}gﬁecsﬁggegi%tobggrogﬁes t %é@??ﬁ%@ggegul ator
modul e s%% B REs S8 DIEES R cBA6RIDAC FIGNSR iHBtraRs tiehotioacTd bRttheilQ 2 buihger
det ai | eFow. Since the connector 112 carries the IC 22, the voltage

negul atesilavbsitel caryasigrenh dontacts B8 andlovpprérmgniaais &2i ta thepraferrgd embedipents ok

| to the 1C 22 si bl e, thereby, mni.m zi h t th
connec thaspresept yionting.hh SERRCOREHN ¥ \GoHEd §B i Sotto R 20 RE MG P2 45 SR,
m ni m Zeﬁéé{%l?.{ﬁ@%ﬁ sﬁﬂﬁj:g H%Ddsgﬁ@n%eome 1192 BANE v ARBRAG LR sighal Bontacts

perm t 13 age regulato 8 and/ or the decoupling capacitance 42

to del i%%d}d?gow\éﬂb&rﬁgﬁs 9DalH the préfeirabembedigients af thepirgtent mvemivn, tie powérgh
performance | C 22. The connector 112 rra& have vari.og:i fgéms, shapes, and
si zes anutabls SFede lashtedon; the side(sny 2 Pf thedC Xe peHeiidn SiCveri ous engi neeri ng

FG 11 wi ¢ e 10818 aRl oG Hdree R R A e Rl o ERERRANEE ) g
the dagg@a@iohio@ g% ﬁ%&l chRBcRY0 2h30r powkhenSceer27ch ede driigork Gf B2 top&Shbettdrhnes
120, 1 and 124 orizontally align with dashed lines 126, 128 and 130,

r espectiovidior sidets)Fasifahe IG A2s Fi@piidsdlustratonan oier poirdee £04picthe temh@s of the

tor 112 _ to f t] f h ' f a.
connectler221ane Rialanfeiacary s fiatners k&g oflsy ERRGE B o hifnd poBlica 106
onl y a”&@é‘g&’ﬁ%ﬁ (iaé“;PJailQﬁle%Q bRl ﬁﬁk,taouéat irbadet) Or BRANR. FrefelBIy; GRORSH OF

112. Fo an upper part of the connector 112 that is | ocated above
te t oRifSisqh mdaRanti€al contact with the IC 22 to provide a thermal path for heat to be drawn away

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

22 being available to carry signal contacts 90 and/or power contacts 92. Preferably, the outer
portion 108 carries the power contacts 92 and the inner portion 110 carries the signal contacts 90.
25 This arrangement is advantageous when the power contacts 92 and the signal contacts 50 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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22 may extend only down to dashed lines 120 and 126 essentlall formng a
cover, otherwise known as a plate or cap, over the |C 22. T‘X%Zﬁlﬂcase
the connect or 112, fornmed as a cover, has a bottom surfa &[ﬁ! 9, | ocat ed
copl anar WP OBOF5hbove t he top 68 of the | C 22. The connector 3 55
formed as a cover, nmay further extend down the sides 72 and 74 of the IC 22

to dashed |ines 122 and 128. In.this case f a
cover, has dntdG: bhthepenneator hlt inc dFE)?:%PfrB@"at% @eﬁgﬂ%ﬁhgﬁ?%%ﬁ%% fgiﬂ(iﬁ?kﬁé

bottom 70 of the IC 22. Th Fiscofn€cioar’s andjor pbwet her
ext end COBAA! ePﬁECSSth’e%“%a%%ggﬁﬁaqﬁ&% Ié Sézlpcglgg ashed |ines 124 ar?d 130.

In thig c"{" on (%tﬂf%d‘%ﬂé‘f@ﬁﬁ Ofhd ddnettor MEYlisasmpatide avith tha yamowssyPesH tsigmabc e
that is® coplanar with or below 30 the bottom 70 of the IC 22, and

. may ex%&#fa&és Bestiiedsvith tmble B inHESPEB 20d4B.i f present. Note that the

connector 112, forned as a_coyer 0 sigde 72

anfl 74 of t hbcealing to theprefeiof s B&%’?‘bﬁg’g}l@%%ﬁﬁ%ﬁ? shoul d

. not be i nter ret d as hein adiiaved ¥2, ab heedesonipegcinor
SRS g gl

112, wth or inside the sides 72 an 3784 of
the | C @}mi%&m} ﬂ,éAw idihdesthe %ﬁl%c‘@r 102 eardies e TEQ2] thevoltaga Teaplatr m

connect

orned as a cover anot her exa an |l o r.f. of the
connect gid/drkRe dbatuplisg ba;maitmteﬁélam\flopﬁéd Bi)@lpﬁﬁﬁo t {fgil%ps P%ﬁ%t%eﬁ%

extend only up to dashed lines 124 a SS8 rdptﬁbgpoave?ocket
ot her wi méniRvizing theslength %t@PWQQ’E‘necﬁﬂﬁﬁ ne ﬂhb?kél}é%ét?hl s case, the

connector 112 3nd QRlustdhéaekhe awgn(gmnwmeﬂto
coB ana?o%cfﬂé%%gﬁg%%&l%ﬁ%tgmh gﬁgfcet he I C 22. The iQjconne t or il:'rB‘?
| C 22

f or med rﬁﬁ%ﬁh o FSRMIfoH midUale B aratiak thp dedeupBigienpacitanga 42 for dgyver

to dashe ines 122 and 128. In this case nnec 12, fornmed as a
socket , vbliageantopy yoltdgeomarsm uchigh §u’i“3’é§‘f éhlggéﬁ@ %gébzgf tom 70 and the

top 68 of the IC 22. T conne M{f& # aagldﬁe§gﬁd<eemaﬂaysfﬁm¢dser
extend up thér@lcﬂﬁ"s‘e"’ﬁqjadnaﬁ %%ﬂ n%%st dashed lines 120 _and 126. In -

this Ca?naterf aﬁarggvga?%&{v&i&s ch@iB@theecneidentiet  Theagrigus EpmsFhrEEe SLRAT s

| ocat ed "cOp

above the top 68 of t t
cannect géprddedtedinied] hwith thodisbed lines BRol 19 @t%ﬁgﬁ@%ﬁﬁe ggc an['l %

d 74 f he 1 C 22 15
such N%aeiqdimesé% 17iuddofadeEiog 720t PETCRAC TRRNAELRE 1PO. ”némﬁimf“?ﬁsh

with or.insi 6174 108 ahl@30 Cp‘e@acnﬁllﬁ Theo@shed %%Srfﬁp@éeﬂé
nor e dethé?PIZ 1&@%‘?%?8%11%#{%{3% cdonnector 112, {ar d as, a socket

still angtibes phyarwhee tie cmnﬂelntter véarma:ocnd ﬂQéO%ﬁﬁé'&’tcB orm, shpe OF $12¢ 9F ét ed

around the si des 72 and 74 2 d@,h{,ﬁlarmtbe
ot her wi senkedonlEs ﬁOtP%ﬂEﬂ' es arezé i?ugﬁﬁa n:ﬁdxé?s{e%)t t he IC 22. In

this case the ;]EtZU gtglslpgframa may have a top surface

thefl i s IplsEFEY 3@5‘3)@%[% ft% SpeeRe |C 22, or betueen the tob 68 and:

bottom 70 of fhEexample, an upper part of the connector 112 that is located above the top 68 of the
22 may extend only down to dashed lines 120 and 126 essentially forming a cover, otherwise

over the IC 22. In this case, the connector 112, formed as a cover, has a

lmown as a plate or cap,
bottom surface that is located coplanar with or above the top 68 of the IC 22. The connector 112,

235 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 comnnector 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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| C 22, as represented by dashed lines 122 and 128. The conngq%ngﬁ}z,
formed as a franme, may have a bottom surface that is |ocated below the

bot t om ABO@B/0sH84 | C 22, or between the top 68 and bott om FOTABOL/HS92 C 22,
as represented by dashed l'ines 124 and 130, and nmay extend to a top 25
surface of the PCB 114, if present. FIG 12Cillustrates a nore detail ed

i |1 ustnabincshoafd ich&e interpreted as baing linfitedrasducts Altdrnatinely, theeuneptoebldxanpl es
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ot ner Aesres aipretetpie LTS e PP KB Rl " D™
descriptio ?%%gﬁo%%@e’ F%_?gwe & b@inedfor 912 tHaeisllocael bilewdhe battom42

27 MAY 200 US02/ 30592 the description of the socket.
Hence,7(t drase 1€ 2anmdyesxtind oislymatte dashed linke 1 2bamieB0@ssentiallyrfymyeg ajseekated on

ides of the IC 22, wi t_being linited t
1Y s toreone o 4 a aup oK HASE (B4 112 Fedpiave (P 0eH D i o PR Pt

including, wWthout |imgtatiqn ' : 5&Ym B 8l I
l:har gc"{"é ‘Fts]\fi\n‘?sc,"’stog ﬁ%ﬁﬁﬁ{,{ﬂ??aﬁ%&ﬁoﬁ#ﬁ A itéﬁ%ﬂ“%“??%g con u\é(ffi ve %2'.'03% ©

”O”CO%%EJEMﬁ 1?@8&3&@@ ' sockBe nfag FeSdr @ktehd up Ghewtdeson mdidnafithelIC 2R e,
plastic nmaterial an carries appropriate si gnal contacts (not ShOVLVg%? and
pover &ehédihe Raindods: dh éhisicads, theeoomectasdddntormed a3 apraket das alansustrcgng

Gameckoris aeinkipmess st et e i ot T 4%, Jhhgotie BTt liinta ob 7
t | i ; ,
PO o Qoo R fifleloROf & R0 ARy B9uADAS b AR hes 220 ahONDG] I

FI G connector 112 nay be forned as the

decoupjidthsE AREEhIRRER 142, forinedhé a stukei, has atopi sutfogy thht is degatest coplaper with or
structure. These two alternatives are described in éurt her detail bel ow.
Al t er natiivedhs/top 68hef thoFG 32t Hota that the\coprectas; i gfonged,as %§%¢¥ﬁg 135 Pscrete

o S LSS 0 e et s
ﬁﬁ nve ”%}dc%f‘ g a#ﬁ)&g;g thd Sontia6tos O §BRdd akbsotrt, sy be flesthaith oalinsidesthasites

(‘not shown) t mt the connector 112 to be aligned and/or attached to
anot hey2 shd 04 blthe I022. UBIG g 2Bnilliisteaies 4 ingie detailsd illustation p£ therconperdergl 1k 4
anot her connector 140 (illustrated in FIGS. 13 and 14), form ng a cover, a
socket faymed as@saeiet- t he conductor 116, and the like. The mechani cal

features mﬁ/bsgillf Rl eﬁ%éﬁ?ﬁ%&%e%ﬁl{th? thelddfhecddret 12tthaGEH Bdated atdidrd the

connector 1 rntegra or nme the connector 112. The 20
mechaniggak 75 aad 74 68 tha 1 2Wessemidllydutminiz i ftams, otherpise known dgasing M §pEderpegs,

bunps, and the |ike extending beyond one or surfaces of t t or
212, aechvod apsrigsterthe #8dds In %E@ﬁst,ge SPfeCtoR g? i'?fﬁgmé%asearﬁﬁla’ 1}1%?16%%22{;% r
ore s glrlrffgc%etﬁatolg 18cAEa Ve ﬁ:_{eotﬁp 532f e PEohaaeal thkes) ¥8 83d BB¥om 70 of the

IC 22, as represented by dashed lines 122 and 128. The connector 112, formed as a frame, may

have a bottorn 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



form fasteners thensel ves, such as snaps, clips, and the Iik7e P@ may
cooperate with separate fasteners to aligned and/or attactz tM@ nect or
112. 25 The signal connection 26 and/or the power ‘connecti ﬁ g

el ectri ca?"loy(”d’t%épf‘“rrechani cally coupled to the connector 11 8{’( gl(’SZZB(r?hS‘za
manner as to align the signal connection 26 and/or the power connection 24

with the preferred and/or alternative | ocati,on ri bed
above. theslessrnion of dhntackety rﬁ%eéhﬁslec%mflﬁ S Hﬁﬁﬁ?tgg%&n ﬁe&oﬁ'}gﬁrﬁ%ﬁ?&%} e&
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conductor 1%§e cBﬁ?ecﬁer'lQQﬁ%Tha]véan 8uiR6R rhisériatiycinding beithes dmitatign) plesticrmay

be used only to provide 43 7 MAY 2004 WO 03/ 037054 PCI/ USOﬁ/.30592 .
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have VardapatstahyP@tucaire MEhbstivoaltefativesrass dessribed igfurhr dstailhecqyr- e AURBAE 2,
the connector 112, and/oQr the conductor 116 .i ncl udi ;{\ﬁ'-@ te Lidint Glhon,
hol es, rheewmestor Ahd mayrhe fpped astfﬁ’eﬁssmﬁﬁﬁfh@&rle*efago A g%f{]}ﬁétmn[ﬁ{
correspondi ng_nechani L Adfance U URIthée having waiat nsght be
separ at e"’oﬂﬁg‘?’éeﬁ&faé?rr&ﬁ%hegga%%gﬁmggg%@s,gge%s,a%naps, clips, and the like
to alignglelela oBCLttRmhieousRigl Ng structure. 15 The interface 132 maybe

used alone or in conbination with the connector, 112. n.the. . f
135 i s used iThecompeetat | bhmap tave Wécl@ﬁmle@ﬁ CSH%‘,S%PH’EV\!]&? ee“%’tlto‘ir’%%’c?@?
referably. forned ket, or f : ; §c@in tHel@reuit
p Y ftape é&&??fggﬂ‘i?ﬂzﬁfﬂﬁﬁefz?% aPﬁm[e{]@gEuEQ iR idn ) Hifho BN EmAht@N cuj

i nt er f ack _ case, the interface 132 is

| ocat ed ﬂcﬁﬁf‘p A WRBHheP B8 ideeipr 250 fiestEramnNaduGs. 13and T4y foeuigs: eoveh @leekep pr 2
frame, wt hé soc]ket or frame formng an outer portiaon )%f t he conngeg‘ga%rs

112 at thenpahé veidctafligandtbe like.cThemechpairal SFABTGSTIS PHOEIST Y
o SR S ot 8} P R e oni ezt the 1 C

I's forned as a sepaarzétger il?rt
fram  hSeliamnfe | b 26 Bhdd AniTBkoR isE Ridges, posts, pogs, bempg; 223 the like
at ?(g]ched%falf’)h eif%ﬁggé. mﬁr eferably g
extending beyond one or more surfaces of the connector 112, and/or holes, recesses, troughs, an

the like extending into one or more surfaces of the connector 1 12. 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 connection 26
and/or the power cormection 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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the interface 132 is forned as a separate part and is separztye E’r@ﬁnthe I C
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as shown in FIG 4B, as the side of the sem conductor package 62, as shown
in FIGS. 4C and 8D, or as the PCB 64 or 114, as shown in FIGS. 4D or A4E,
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signal contacts 90 and/or the power contact 92 on the IC 22, and 15

cor r es bigdiand/os isgpat theomating stalseir®r power contacts on the PCB 64 or. 114,
the conductor, 116, .th connector 112 or the. t € Cll.CUI
atY anged in D& 913? ‘99&’9%?“5&6?‘% % 3ht ceo,mq:['{ﬂagt%vvglrﬂ? %l%séﬁg%?cg%giﬁyén\?ge%%he

the co i Bed i bShbRaforl with T8/ cdnnedibhelEL 2, el do@néctbi 12 idtpirefarably
cont acgﬁ%gﬁ?%?féﬁri%sta%g 132, contact to i?\terface 132 to contact, interface

132 t 0 fomnbdad a backienbea frame to halp hoidansk fligndhe @erfage il 32 egapsidhe B2 22 c nthag ¢
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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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52 including, without limtation, single-ended serial, single-ended
parallel, differential serial and 25 differential parallel

Further, the interface 132 and/or the signal contacts 90 a qﬂ power
contacts WP %4d7%4 e designed to optimni ze el ectrical engine¥ T"Eg 2130592
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e Interface 132 is corrpatlble with

the va 7& Rt ssﬁitﬁge%mt&ffac%bg@@tha't ReaTdkafle s antineohslyipératil est®a camplimonsvithn
Flcs. 7R 8 or exanple, when the 45 WO 03/037054 2 7 NAY 7004

. PCT/ USORhdatirihg varidtis il 82 ICspacbargsaamd/@lr ghagircpitieardclded 8d 58T t ype of _
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with t gndl interface. Wien the interface 132 is

conpat i ”ﬁé fidrhRe 40P @&dytbe\/f@rrﬁed yspesingle ot gmidtiple tayersfofamateridhasipat er f ace
132 prefera orm;adle ectric material _having asu‘tabe be ectric

const anmamnﬁcamag itéchiniqmep imedisieg, wviitheut mtam%ayer%l RUidsUR 2RPEOACH L SRIEY R |
contacts 90 are referab made net a r der

conductium @ﬁPé@i? y'fm E&ﬁﬁlgﬁfiﬂmfga%\ éﬁ%ﬁl qjgér an @ﬁte?frﬁ?%{ Iﬁgfggl de of
105 COnRRI'E o Al %&851 SEHBn R iefla BCTPIR Chdlag! diffcrehemaictials) 2 frsboar d

ace I's conpatible with the inductive t_%/hpe of
si gnal it &ths thb earrieniat 4 sccond Ridtepiabfoema hesigrnl aed/ar P& M cond

material having a suitable predetermned t |ckn |
i nt er f aomterBa, forroingdhe sigralAnd{FRPWEE pak-PMORE HEC ﬁ%‘i?’i’ thﬁgrsgg?] Iﬁ{/\gL%eSUCh

Ielneglran'z)ﬁ g%sgpﬁ%#&m tg@fgjg%é?deﬂnﬂu&ﬁﬁtQﬁthﬁqmgum'Ve el errent (not shown)

en the interface 132 is conpatible with _the
optical type 18f iSieshad 13t fige codthes 90 and/ot thefpaver Qmaqwafoertbmlqzn difls an

optical transm ssion channel , such as a | ens, rr I

siignal s cbretpoadingrsigrod cmmmllaadfetlpwg}ﬁoﬂ%&tﬁé%l th;'z\g&%ri‘g?f ﬁe"rg‘ &?é“?“ o 118, the

conbi nati,.on with_the tical t.tn%n%)n% Qqﬂg%mggt&@wag}g erdrasempR2 tHeny
| ca

be usedCP%“f’éltoﬁlﬁzé}‘T&]/‘%’F P ey |gna S bétween the 1C 22 and

the cir %Bupgﬁ%eﬁéﬂts ofiEcdrittd :IHd&hé atafdaa3k Snaqronq:iadw,lwl&mm hmatamcrm
transm ssi on type of signal interface, the |nt 52 1324) E E
forns a donmBsH intrfane 122) cbnnettpnmérfa%@‘cﬁzdp centasinter %933 9 Ermtgch fo e asR o

i npedance _mat ch bet ween t de
i nt er f arl3@, gerfacs 1§3ﬁ?)§’ct?rg"f°§]\%2 gég%lg)plg 8@6%}%%1;6' coﬁfhﬁ?gf? f ace,

interf wqigpt(;dc@m ey teRike. d’:lImnn,ethe guerfash| e
f(r)ﬁ) car r?P%%Fm]]?lﬁmﬁkgl% géggc%ht%(:?g&n?%eﬁ% IC22 to tﬁe circult boa 111% -

132 may be formed on the outer surface of the IC 22, PCB 64 or 114, the con ctor

connector 112 or the remote circuit 52, or be formed as an inner layer thereof. Electrically, the
interface 132 may support any type of signaling transfer between the IC 22 and the remote circuit
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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The interface 132, in cooperation with the package design s;clft %i@
advant ageously 25 permts the operating frequency of the m B Q;sor to

I ncr ease wobbkosmsdegradi ng the integrity of the signal. Harr/esergbe, the
interface 132, formng a dielectric material, and the package design
system 16, form ng conductive plates as the signal contacts 90, together
provi deinterfacapa? id conepatipbewdth ths gmehctivettepd efcsegnal mierfics, thasderfans 13dsi st ance
due to inductance, associated with, the 'Cond\.}liCt i ve interconnection gethmeen

t he serprefnehly fermsa poncgaductiyeimaterial camang multipls discrste endugiyesegmen

not herboard, is, minimz i Ik | L xk Hi gh
11 equeriagrestotifin digfeb igh i RoR B AatFod S O it B Tomb ML Al
| ”pedan&ﬁlgﬁfzti\%l?gé b@5ighallatetfabd) aWhER thd iftehoe PII0K cHRpRI0 J/ifhTHe capacitive

PCT/ US02130592 conprom ses the integrity of the signal. Hence, this |

po?st I U/bé of siggaal inte;rz]fascle,ttheumﬁfefjca rl&&pmrft_arabh fﬁmmhfa dﬂebetnchad g at_cnﬁlthaumg a suitable

i nt erconnectj on techno) ogy used to achieve hi gh-speed digital .sigpa

desi gnsdielerthc copatani angsa stitaple Rredet %Bﬁkni 2 In ¥03 GASE %Slgr‘@c?\?gg’,c{s\/%)e?rgi n

t he conneg¢tar, 112 has i . . : | :

of the Tty el Hupss P S RELAEHIP B S EhRRREYAREnEREH 5! el RiEmif
22, andyfagerd THAVRherRedd ofitha torduclinealare (fdt shdiwii wdul@ be prdvidddl on thelcivenit he
bottom 70 of the- 1 C 22. Preferably, the connector 112, forned as a cover,
surrounbsardlil4f our sides (72, 74, one side facing out of the page, one
side facing into the e)..qof the 1C 22, e. .connector. 112, .forned.,as a
cdler, is beNBHs 8Imtgﬁgcr? kﬁéSF@E@%lgwﬁhlﬂ?’ggu VPE&%‘%WMH‘&“@G&% 114.
FIG 12B,i| ' ' 22 dridddG 11,

| ocat edmiter{f%%s@g%%%g{agg j?f;ﬁ % é:fro%b&‘ﬂggﬂgé}ggfg@%tﬂaﬁ?%zacsgg@ lc)JIIS ce \tNI th f'{dhe

pr ef er r ghcleRh dinBidtcas®) thed iheerfice $ 8D providey anbpiimal sepBatidi? Betivletruone edmebictihe
connector 112, fornmed as a socket, wherein the connector 112. has- ,side .

parts t blamesk(nobshavey)dndhele B2 andjanother sprducive element (net shown) i onon theHrcyLl ¢

hat | <OP8tanghe g et S SomBRiTE vifGus Spea! oBESe AfiatReRRE fnd 0
E’E}?T ‘;aaﬁﬁélr’factch?fﬁ%ﬁfb‘l)@forﬁﬁ%n o{pﬁéﬂ&&n@tﬁis@ioﬁ QERkL, s6dl dsaLlen addpted mucarsi des

, one side facing out of the page, one side facing into the page) of
the | C BpticaPsizhelsdbklys, formiod nashulased bght wayes.f dltermetively or Berbination wishHieed

the PCB 114 d | [ t .1 C.t ' d/ LNt
032, " Thepkesl Rere iR shanh i e d gt By berlgehio e HhafRe il WY S AP
socket tl;}%nﬁs rb%ﬁlée)ﬁ PR 28 And thd dfuRE8adklid 42" Whd@e SReifRle 132NE edthpdtitde Widh22.
1T us

FIG 12 ates an elevation view of the I1C 22, as shown in FIG 11,
| ocat ed theransndssinelifiotyps b? signalnetirfase, shefintenfacé h32preferabdn tarmsiat thansppassion

preferred enbodi nents of the present invention. FlI 12C 1| ates the
E GRnect Gne intartasepmbanAR) (PTAIrEOr RAEIRE R G RFIEL e o e 162 &dfihe
circuit board 114. When the interface 132 is compatible with the wireless type of signal

interface, the interface 132 preferably forms a radio frequency (RF) channel suitable for carryin
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

46



I:t

i

has side parts that extend beyond each side 72 and 74 of th%ﬂ,\@;%@ﬂ has a
| ower part that is located 25 flush with or a little bel ow the bottom of
the IC 22, and has an upper part that is |located flush w ttle
above t heWOdB0885bf the | C 22. The connector 112, formed a @859223%# i s
beneficial when the I1C 22 is directly nounted on the PCB 114. FIG 13

i|lustrat I ti i f the | C 22 ' t

the e RoTBTORisGL e B BRHLeL B ey HEB 00 SoLRo T mifimiyds iRt etadt ©

accor dance. w i rﬁ%é[zcho%t Bf ﬁg&ﬁ&ﬁgctiﬁloteambweﬂ fo hidveaidh- geedigitalMeptal on. The
I'ncl ude i reul

renmote PPEHA Sarenote c f signal connection 134 and a

rendte Gefeiit power connection 136, and has a top 144, a bottom 146, and

47 2 7 NMAY"2004 WO 03/037054 PCT/US02/ 30592 ~sides 148 and_ 150. Awgqﬁgﬁl%% or
e

.140 is di sposdi.daAdHesttesthe eonyiedios 162, forped a0y er, Whelsy ths sonnep

circuit 52 may be carried by the. ne r 14
T18 n Sdenmes thres i beyoRLeB R S g MSolSer 2T oyl Bek lodhu B

paths {0 QUhe b B2 RS2 and BAVE fowek BREKH ifBLated Dashneitn of ME(IGEIok heand

t he rem)apé’v% renote circuit 52, the 5 connector 140, the .
i nt er f aqg,b3a870 bi'@ieRER2] Thefetdbdy, tesminaector t1A, formiegraak covernuitouags albipup pides
the renote circuit power connection 136 have f e%ures ﬁ@%rgﬁ er,ﬂilgtics,
funct i ong2am copeidetfacing ouhel thepass, pis ThelaclEDo theRageR £ . the
interface 132, the .PCB 114, the.i.nt . ' b ;s Slogak the P48
and the qorﬁ'!‘é%}?%i@df%‘?‘i“ﬂﬁsta 608 P B ﬁéelgi‘?g%nc%%?éggs}%@?t i vefig,@ag?%escri bed
abi)(ye. 1 4In addition, the signal connection 26, fornmed as conductor 116 or
as a P race 118, may transfer signals between any Qn% (;e):r mfre (af. t he

e bb

top 68, the bplGARENuskntds sthelewitibn(vagw pPthadg 227as grownda 3¢ one
or nore of the top 144, the bottom 146, an he si &ht t he
renote ceommgbior 532 fovmed @s gispgket iiarcgrdgheg W]glbh}?éjcr?tilegﬁé %b%(gﬁ}eg?qngd s a FDCB
trace 118, a0 HFROS0B fudtA0AhS cgicle 11 TomBl dsarBodet ofhdrtie (hdbandciontl2

’ . 15 The

bot t om 1B} effote CIrcult power connection 24, formed as
a conduchgy side Sarts BaTBEenasheyondlehaide 7R6and 7 4ax the I(HL3 hey alewer part that is lggate

coupled to the any one or_nore of the top 144, the hofto ;
si dB(s) hel®wehd baBemst hl 2% mee bag 1} ¥RASK P@éﬁ“ﬂsg?‘éa?%{)‘f“iﬁﬁ‘%%e“p%ﬂmﬂf 've the

connect | on, Bfiod e LOICD: 88y SRUMGLAL: THOLARAA GOUBIARS!, BUGIdS all g sides

d
si de(s) LY r cifcuit 52. Note that the power
connect i gﬁ% HE H8e FRHY &M of thetpage,fonpBide faiing irite tIBDage) ofith Preferaile
that is not

2D shown in FIGS. 1 and 2 for the, s f clarity..of t wo
figures. theyqinnettos]12; femmsk 28 asiopkal; I muRid qnsth‘éghglﬁ4raé’8&??r1ee§ thﬁ)eol\%f/etrQ ? fom
the power, de]ivery system.12 and-a r i hed 284 sdcRet, RDTHENEl R thot
require mimﬂ?‘a%"%{? “38’\7%?6 %2[ i@grcgﬁggéfg‘irg%ﬁ’%%grhe |G 22" and the renote

Ci @Ui t RGIRYs ity ARt &PTEthe P 014 slidfthe s@ket caypessholC 2rcuit s,
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 Jocated 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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including, without limitation, microprocessors, digital signalf MWdeéssors

(DSPs), nenory devices, 25 audio-visual interface devices, user interface
devi ces, wand/onmg4 be active devices and/or passive devi ce®CTAISHZEHR2 142 in
the PCB 114 illustrates that the PCB 114 for the 1C 22 may be the sane or

different PCB for the renote circuit 52. Wien the IC 22 and the re&g%g

Ci I CUi 32148 sndbiNt &donmeeidrtidOda dispeaes onpne Of FHe fides %ﬁ%ﬁéﬁm@éﬁﬁ‘é Pon 26

and/ or the power connection 24 be 30 made.via the ¢ he
B 1 e recaehe AR S Ao S Ca i HR GoRaseiRta 10,0F g, DO tLEbER PEEDLRA.

di fferent PCBs,. the si ' ; & Pawaicrlydaelsd on
24 may 1’%"@@@“‘?%\]&@825@?? ﬁ%?ﬁ%%%%%@%gg%hﬁnde Vi agl_t hem 0
conduc ive dnftB6 PSR! /i thefdmdBCHr it 52. aT loredote eircuiings, the
shown) IPB?VS%#&HS‘E%@%&'E% bet ween the PCB traces, 118 .on the di'ffiéﬁnt PCBs.

The conpggdonst 1402theanteifacd It greakCH 114, theemate Hirewbsignserrstion Jg 2ad fhe
ALt or nasholsloprouit peWeb ARSI KGTB R HE SR ET o e Binpliihd atperstion
separate parts d hani cal : @he in®eratse dircuit

b P{})’ %ﬁ? B(g Eg,gtp.?g&ﬁe@{oﬁlgythé“iﬁt?ﬁ?&%%ﬁ?th%m 01N @ in@frats@ dircui

separ at® SOYRH re nmechanically attached to each other, any

si de of ;1 he. GORPRGE 28 ardd fe ifegabsl diculipbadr tannachomsd()essptctively, 6o Aprseibed
140. ThEhEertace 132 may be integrally formed with the interface 138 as a
singl e gbaverface for both the 1C 22 and the renpte circuit 52.

Alternatively, the interface 132.ang the interf d as
skpar at e par%lsaddmﬂmt HhesigRat FRpeELeTt gﬁ’ PR s § 0{1%&2%.%%%0%%5 E.Ep)co]ér3 ﬁﬁiﬁg@

separ at el %gaqsfh?rgﬁﬁggsgbeﬁﬁéﬁﬁ JEGhaRiof ald top 88} t86 betormdOpanhthe stie(s) 72rmnd

si de of Mf e attached to any side of the interf

C
138. Al $hetib IERG and 3ni bhu st matesf thaeop @4 thedottorh46; andihe sidefg 4 an 150,
t h ot her | i de- by- si de arr t. FLG .13 i b
| i t edofthe sumotte ot Ban Beafesnbly: 45 SapaLcoroeytion 24 e KhCp BREO FEE b e
circuit ggsﬁggg@n;g%gﬁgye{lg@g@goo 8ok AR ERnd GitRlch 186 bPthegaabteifatt.52F0r

exanpl eff e circuit 52 may have a stacked ‘
arégangement ; Tﬁégofaoa&nwi&dm, lerinadels ai dondurtdt 166, fotmedas corsluctos(lihonghar G
1 n [ [

illustrates two circuits (i.e., the 1C 22 h enopt.e Ci it
52), Fl BCBlfckd 1&,a¥1ajr he eoredied todhggem' pRg eBorePLLha vpﬁﬂ% %F?’Bﬁ?‘fqg.“%’ and fhe
Practical ly, an er,of | andy, j | e, frRgeider
usi ngI twéeéhmﬁ H?ﬁ?{ﬂ%&’@% zﬂrg%]ttgé'i' féﬁ?@-&tﬁyﬁ&%@? }v%ﬁ%dm;ﬁ% opef;g'? Ton as

describ W 18 hedidh(§)NIA8 and 160 of dierremote GRUitSRGNate that
iIIustrgg%@gg’xqéP%%‘?%bgeg\}%ew of the I(C): 22 and the.r em)iﬁ &J?I‘ cui

Shown i the foér cdinection @k beingagepledsio the TameteFA1CRH S4rF 3h atyng tﬁf&?}% Paﬁf,c e

W'zt()h t hgh(?“rfne {neIE‘IréaSq 1 and 2 for the sake of clarity of those two figures. Typically, a remote circuit
that is active requires power from the power delivery system 12 and a remote circuit that is
passive does not require power from the power delivery system 12.

The IC 22 and the remote circuit 52 may carry the same type or different types of circuits,
including, without limitation, microprocessors, digital signal processors (DSPs), memory devices,

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 1 14 for the IC 22 may be the same or
different PCB for the remote circuit 52. When the IC22 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 circuif 52 are

mounted different PCBs, then the signal connection 26 and/or the power connection 24 may be
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enbodi nents of the present invention. FIG 14 shows connectp{]mﬂg]m carrying
the renote circuit 25 52, being | ocated above or on top of the connector

112, carrying the IC 22. The signal connection 26 may be 4 anot her
renpte ci 919?’9371?342 via the conductor 116 or via PCB traceg(no@glsisﬁzovm).

FI G 14 shows various signal connections 26 and/or power connections 24

that may be possible when the |C 22 a the r e.circul pl ed

{ oget hanadavin Hus comAURERT 1o HABERHACS THEOREDIRG it Gther (o8 oS8l

advant ageous f.or [ t.ner I r : wRes 30 of 1Cs that are
fﬁg Jagﬁslelg%?tgge% gm%v%éﬁ( Ghcd11BBALRE GigfefirEPE

subst anPBiey? W th each other, but are packaged

separatel y fndduedolf 06 WL EAIHAAGE WETLLEAHCA0592) opa singlesonpRStas oSt
and/ or performance of the individual

sem conduct or packages. ch partner
.1 Cs i ncfoueth the IO AR and it rertoteoeitcuiti S2r didiesrayshs ﬁleﬁanmgr@ a3y &?%@5.“3%?@.

15, 16, 17, 18, and 19 each illustrate agnh el e:g?taiﬁcrhe i ot]EJﬁeor'uQet?Z and

ie f
t he renbtlomaybe furmed=s seppgats Rathanc ey Bechapca ezta%%\écﬁaw Ng a vol t age

. regul at or npdul .38 .and._de i ith @GEothet, styssd@serthatbonttiop U2

| ocat i o??gaﬁg%q%cmaéﬁ%gﬁ% aﬁgﬁg%iéﬂ%crag?ea%?@%aetnbodi ments of the present
inventign. yLon&aeh t@hny 5188 6f fHe@BugRtortide. | C signal connection 46, the IC
power connhection 48, the renote circuit signal conpectjon 134, th reg:l?)r%te

Circuit poweTheameatilda nBche integrallydpanedwih Hieipieriacs hd 1545p8)p ML
and sides of the 1C 22 and the r t,e, cir.cujt t 7

mber sbeb e i 23 rad tesrias firut SPo el e s fpis e 2 g e BraREe 138
328‘“’“ for tbggg\g%ec%l a%aéég%rg{e J%hg Lhd Yach Rodc RS Ealfyi GHAERS. to Bach sthan et usdsepatelyn

and ¥ conn 4 are each Wistrated as being  coupled to one
si de of wihf thEpaes @8 shdchenicalipdttachidtowath @her, any sifleof trantEHace I2iTeY v
these five figures. Practically, the signal connection 26 and/or the power
connect attached toraryy $ide ebibsigriaes 138ne or nore sides of the 1C 22 and/or the
remote circuit 52 d i iHheahtd éixRitfs2dieke® dath biherlince new
system bl OCk@ﬁ?&%ﬁfﬁg@ﬂ}%&%ﬁ%@%ﬁ%&aétéor nodul e 154 and decoupl i ng

capaci t@ﬁ%ﬁ;ﬁée LihaHgerett, FOG. i3 lsumt tedmidd kb lilBed to suetl a2 abegragdr t he
reason state i

In the description for FIG 13. The introducti an, OLagTvQ?o
valst age Pradichiy,dhe 122 aed tBrematt chicuit SR MYy FY HBYS&%E&IE?‘%%SW@E T
provi des synergy with the.v e - *sthdled aflesgmint, g
capaci t&ﬂ@haotlnzr-&Pfi%%geué}e?fé‘l@ga&‘%tﬁgtg&‘ﬂ’té?&é ter n‘g‘?ﬁ% paths to routent he

si gnal s B VBN it P16 NEY, 1Fr@ier, alibogheF 1Ge b ilinstrates aply t92.cirsaits @-cf, thtes
represen € preferred path and the dashed Ilnes,re&esent al te

rnat e
pat hs. T2 adnde esmatppices 52 FEAcK isnot ntended o e lpitetto ‘-"Pﬂ%“"’%%%l?‘ay
relates to the specificatigons of the renot [ ' |th SEhen
regul at diragtis@lly canygwmbey H@ﬁg% PG CCAFES ‘%‘3{3 %éér&t'gﬁgg,eﬂ%éﬁgs%ﬁgt 22, tiggj
vol t age requl at.or I . dRcRRkdried abeyraaihweanctbe IQ2 22 and e
anal ogo aﬂﬁ%n@“%@%ﬁﬁ%%%%@??%ﬁ%&%ﬁ%ve for the IaC 22, the voltage

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
95 ° 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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25 regul ator nmodule 3 8, and the decoupling capacitance 42. WA
specifications of the 1C 22 and the renote circuit 52 typig I ng@term' ne

whet her @@ of637050 Vol tage regul ator nodul es or whether  QRe/ESp2M02
decoupl i ng capacitances are requireA The physical proximty of the IC 22

and the renote circuit 52 to the voltage regul ator nodul es and the

decoup !ohﬁﬁiééatﬁéﬁbét%% pefforhSRedf tHeaRdiofdubsefietnduesr pAtikaha SRR paraad
resul ti hg voltage drop, "as descri bed above. Hence, the 30 Specifications

f or t hdCs awibide, withoui limi2tiam thittoprdcEssdes andymameoryidevicks renote circuit 52 to

share the voltage regul ator nodul e. 38 and/ or the decoupli ca itance 42
al ong with tHESH £.26, 18018 and NR pactoiblustpgte B Plowationa e thsdes Bokhihe remote

Thh° andREht S ERDPEIS: LRl Gt i bl Dol PhoAA6alIEss ul Secdiiine©
38t he,deconnl NG sFeRaG VATAR 14dktioch{ AeblALS Wik préferredBilbdEimbad cfile

the decoupling capacitance 158 are shown in a particular part of the

connectppgseht ih¥éhtion. TARaéloof thesaSgures, thenCrigrad semeomdn/4@ e Hopowtcopakesiasf
clarity of the drawi ngs. As described above with ref erence.toL{%S1 11,
each of48; thegemetecyisiitsigha) commertionl by theTemale GiEeptt PeVer FRINEEHRE %12 or

140 includin Lt hqut . lim t.ati tk I fipame,
as shd refnﬁgp ?rs%l?]%heltﬁ% "3’#88{1]”2’8.&%5@%%5?9 %ﬁgﬁg % esOtgﬁﬂéelﬁ{e%i{}? (()ir'flfl %i ew
of the bfer22e ARMILERSOL RIEHEdSHhEE thds DR eachTofitowt 11D and Q4G bfdSiot 3Bow fdrkhe
each having the voltage regul ator nodul e 38 and 154 and the decoupling

cHpaci tsakeef elritynd tiés8 figmezmwt ed i n t he connector 112 and 140, respectively,
in accordance wi.th_ the preferr enbodi nents of ,the present. invention. The
power del i vekBe %5‘%"(1891’11@2‘%%2 i) o[mberci)%cﬁ@%artegag}ﬁ&s@ge%%g?mgo t he

I C 22, ' ' RIS rdrfotb bifouifs2 5 tERKE bP BRrityiRAGHEs e VeN
referen%gpﬁ/?ﬁ)@&g?\qf ﬁ(gﬁ:lgjra‘ie?erredrpath fo‘#1 hi gh vol t age, Ig\% curreent power
del i verfygnirss. Wraéticalty] the sigmabeormagtjnn263ahdia thepowaricoamstion gdinydre congladgo38
via the power connection 36 usj ngh t he conduct.o r.the PCB trace 118,

16 .
t hen t conetns nepse sisdss PhEhedbpdl 1adipictie Tmofe SR F’? 'if@?ge%mgcur rent’ power
La th ' . ' . .
180 S By AR A o

| usi ng the

conduct g4 debSuplgSapacitande 368 iHaearewiot Nlusedied BIRIGS. ¢ ahd Gabdye fdreherdasaye
regul ator nodul e 38 may be alternat i_velci/ directly 20 coupled to the |IC 22
as | ow sigkd agthe desagiptionrfoeRIG.Jwdihe ingodustomel fbe Velraederylaior op r

Conmc! G cybaipie L L LA 6RO AL P i o0

52, e Qe B b e Py ?@?“?‘3‘%@?%%‘9&%“‘2‘33%?3“?2‘%

the vol page to dgiC2d andrigukmotttoircal SBi Ghlid 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 medule 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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25 voltage, |low current power via the power connection 36 usi g?g M@
conductor 116 or the PCB trace 118, then to the decoupling 3 pM i lince 158
as |l ow voltage, high current power via the power connectig i,ng the

conduct orW@P3/03t%%&n to the renote circuit 52 as | ow vol tad’e&fﬁgogﬁﬂ%éurrent

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

anal ogous nmanner as describe wth reference to F 2 h

r egul at@thersiged the 165015 CiTgVLh 8¢ Pt Ysesy P WapY ggf%gtaﬁrp%%ﬂ%f%%g{‘%?f? ﬁ% renot e

circuit,52 as | ow volt hi gh current power via a voltage 51 WO 03/037054
pns el 38,

2 7 MAYSH regul ator nodule to rempte circuit power

connection 16Q. ysite rthfaweaBUEITR, tikblccorpling uipaoitimg 42{ the voegrmskulatpr
capaci tance 158. Al'ternatively, the voltage regul ator nodul e Sg may del iver
. 1 ow vol inagele 154ghd te demupliggxepacitance hES ae skt InrypatpHay pattld q B@ngFigr

ti 162 [ t h duct 11 i yel e I
oo ho Fhe LA Sbietradon ot onoties o bRt sttty Ao rE R RKE, X dlscREd 1Y
- conduct gl 148, WeL DO 1o URENG e YbbaATerh @AY BF 160RAUIiR atpdart of the

1
Al t er natVEME {HE NG00 Ay S Chpacitance 42 nay deliver |ow vol tage, high

cur r ent . RReBlor 417 8£ 1 4y ircudifie withont emithtionyite coReryha sogehend/onthadtameas 164
using the conductor 116, w thout using the voltage regul ator nodule 154 or
t he decshowr mFIGHHA2A, ABBend38C. 10 Hence, in FIG 15, the connector 112 may

ly th I | at | | oupl 4 -
capati tanve. 430! D BEaer b By RioagaeY sb 2 Bkt Rinfe R s shonn i
capaci t apee % reﬁi%&?ﬁz{%%{lﬁ QoRBResHIRr Aauleds adrisy anétticiecougtmgyol t age

regul at or no or the decoupl i ng cgiacitance 158, only oge of the
vol t agecspgithadens2 amdifSdodAed imrthc conmectde tBLId MY rasperdiveinEeaceaR ance Wil 1y

t he vol tage regul ator_ nodul e_ 154 d the d | i . it Th
bart | cultpreised e hodimeriapT bR PRSBR LIty 157 Bt T AP fel! 16 Codmélt ol he

consi der,atJ in i ' trol hddsatitic@nvitt Reerbydeas FO. Z.i Asdédesibed
enpl oyeH’qu’oﬁg} ?rébg%%f%{ggqgg%b%?égﬁﬁcegﬁn 52, the type of signal

i nt er f aggywS@iL a&fefdiouio FIG. Dathcraéred pith B8 highiveltage/IBY qupment RIS g very 1S

characteristics of the thermal nanagengnt s em18,, etc. . as }

hdsei n. flenGhel®wer|supplydtids thenvodiage taer fﬂ%@%@ VR&PGROS °8%ncF%§§‘g§F gﬁg%e

circuit 52, sh [ I r , R¥hRaahdesvalibageliage,
P18 okl BAEP ek Bl Maceanmg

regul at de ecoupl1ng” capacitance 42 and 158
| ocat ed hgghrwgu%pﬁakﬁ@%@w chiectibgp esin vied gondictontido trarte ghadC 22 anew
e

preferr enbodi rents of the present invention. The power deLliﬁve system
12 is cowpthge High ¢irrent powepvia thenaner ganpsstit 44 sipghe) %\Ag‘%",“’fa ddNEe Fhed
with reference tg FIG 2. descr i i adivelhBrect]
preferr @Sﬁ@hﬂ%fﬁﬁ?‘&ﬁ%@@%@, tﬁf' (‘)’\?\ﬁ %‘ﬁ%ﬂg&ﬁiﬁﬁ]@@%%éﬁfdlﬁn A

power delivery is fromthe 25
POAP!  SURRbibaTs HeIC B2 oY R Aifhge, A4 Blint ot vda 818 piver tovereptomei4 sBRBEEt | on
g e

- 36°Usin

conductor 116, without using the decoupling capacitance 42.
In an analogons 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 hgh
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
comnection 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 Jow voltage, high current power via a voltage
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conductor 116, then to the decoupling capacitance 42 as | ow voltage, high
current power via the power connection 40 using the condch&rMﬂfﬂ%@A then to
t he |1 C 2w@es/d30084vol t age, high current power via the powaCIcosmeosson 44
usi ng the conductor 116. Al so as described with reference to FIG 2, the
vol tage regul ator nodule 38 maybe alternatively directly coupled to the IC
22 as regulacr moduladerenitghircwit pewier qooneationilal mhmgﬁhﬁ/\mn%g‘méd:ﬁ,i with®ut usigigng
the conductor 116, without _using the decoupling capacitance 42. 52 2 7 MAY
2004 V@WQ@W@W"%@??%OSQZ In an anal ogous manner as describe with

reference t | G.. 2 he Y L2 wgr;& . renot e
circuit 52 ?&Eﬁa&)ﬁcg’ehﬁ)ﬁo‘ﬁ@%gﬁ@ éérrlglr’)r%'%%xglhfa udle'g1 3%218 hgﬁ g?’cei]fl l??%lggmpat h
for po Al ﬂlﬁﬁéébubﬁn cahcitifeN38RAa fordt bnsettion 16D asinglthegsndue| 136k,
nodul e 2 as high “voltage, |ow current power via the power connection 36

usi ng ahemeatvelyatinectlf 1o thetramote drcuits 25iathe popletr ognnestpensi t62rrad 16881sirg thow
vol tage, high current power_ via the paower cqn t he

ection 156, usin .
conduccenrducior, 116nwithew usHg the yplagedesHator mgguf;sl Mo VB‘F?“&’@B’,’ tbrﬁg%q?oﬂﬁ\‘?% nt

o h _ . e o CUTTE

bnal ogbtae R e delv Rk \Glegt” Rick RSl Sy AR @ ing ot o 5238

regul a:peglg e6tiohD foPhdifs Ddldon@kctor s, Methehtrsaid the voladeadgiletor todule s e
as

ci rcui ow vol tage, high current power via a voltage regul ator
modul e ot ¢ther denotdinkapacitmice 1pHwer connection 160 using the conductor 117,

?@%Bf’% o idhnce ing Hing bt PrBIRC AL By 5807 oRisghe EbiPRE P isr ol dhe
: > qer Ty . . 116
ecoupl i ggthégg&ypglgg%g?gc\%% £ BPYGth tﬁ@{mag& Q&2 mb @418 S 8lha tﬁ@&&kbﬁPHﬁg

and/ or °F directly to the Tenote circuit 52 via the

pover Gapstiahéeds SifndlalygthtTohbédtorsi40gnishenyamrithetthe valtfgeangilator dotule 154
w t hout using the voltage regulator nodule 154. Alternatjvely, the
decouplor thg mmdmmecmcqags,d@ﬂy ors of thowoltage spplatpr prduls lod ﬁPdﬁg’%\er

directly to.the renpte cig cuj Vi [ |

conduc Fmﬂ’i’@ga?ﬁa?%‘iﬂmﬁg% ’ o{‘;\nt{’tﬁ%? "ﬁgﬁgﬁg ﬁ%S@%P@g%ég?gégﬁg@ v Hg%]g%e'e 154
of5 t he gdegauntd 148, CARASIriN&EIchR&t cotghiattion depbhds onlvaricub engiaaetiigf or 116 may
carry onty the voltage regulator nodule 38, 20 only the decoupling

capaci teansiderfionsoincludirtg, whthoudlimiafion; Spiypased ciroutn anplgyehin tbﬁicaa@@dm ng
gl atBmofsE SPsihe ypd Of AR SO v Ao e e e BT KIS 14 A /8, o
vol t age, I AP RN 98 CAR A dedfi§ifedtRBeinOr  bot h

t he vol %ﬁ%%%%%wyg%&%e%%ﬁ%the ecoupling capaci tancem158. The
particul ar desg. nedileanikssatdontide yendsf thalQ 22 and thegnyioteearduiig 22 8s shown in

considetaty ons [0ol Ul ng. b haut | ool on 1he. VOPRPh LSS

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 thr
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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remote circuit 52, the type of signal interface used as s *% able 84
of FIGS. 7A and 7B, the desired characteristics of the ther nagenment
system 18, etc., as described herein. FIG 17 is an’el evati f h & I C 22
and the r¥A®B@3®Ptcuit 52, as shown in FIGS. 13 or 14, e éﬁHHQVF‘g'the

vol tage regul ator nodul e 38 and 154 and the decoupling capacitance 42 and

158, 30 respectively, located on the PCB 114 in cordance w t.h the
preferred entoui analngoupmanner a5descare Wik\VISHIPISA 10 5&3 Qp&ﬁeﬂo“é%}ﬁ:eb‘éw S em

2 i | ed C 22.to. i de. .
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. 38 Vi a ydIRghaver et RANEEFEa 8 pusien gorrivetiCES tsing terpadudtorehl 7 Brepfi the
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t. ., _high I ent '
Canottdmnuplingipagiaciss 1668 B Faliageaial clgh PoB L He RO geniesfib &Fe Sge.
. hi gh ent [ [ ' J0&Bn d
he consiet e conavets 0 AendR LR eRRIP GO $dod NoRlke, WIS gt et e OO

regul ator i toHdwRtdr 18Ty Atioriaah laalogaiplreshrieoas desctil ®ith as
| ow volﬁcg\gégc(%ﬁ#gﬁ%%é@%esﬁﬁtg%)wer via the power connection 54 uysing %(;1?]&5’%8
e

trace 1iSerdfch folFIGE 2 e vohingelrbgulatoninddolet 1 dsaltamativiely aeayResirssty eappd

42. 10 In an anal ogous nmanner as. describe with referen e
pover defmote circwly 82 asdow yoifagecygh FEFCR FOMEE VIPENS) tgg%{egﬁﬁltc{r?%@ugéotop%g Igélt%de

power to the renpote circul . : i RRVEBIp G| caveiityndeS
B « nr R SR e e B e o

vol t ageyg¢ ow current power via the power connection 36 using the PCB trace

118, then to the decoupling capacitance 158 as | ow vol t age i gh_current
power via the\lEmsively, tircoaliagn reegtarmedyle 48 pax dﬁ%ﬁrﬁ?‘gé’gﬂﬁa%?’@hc@ﬁef% t he

renote circuit 52 as |.ow voltage,, Qi r ks REMEF 116
connect Pewenpethg F‘Fﬂj‘P{hﬁg G?&It?&gclé%ﬁ%p%ﬁ% ct% ee(%igﬁgg%%égl?g}ﬁj%mAl S0 |6£1 an
anal ogouys., . i L kb HeebRbRGR it 62 FigGhe Ppwthepmnotticagd 62 an
regul at gﬁd’ﬁggwg‘t’fﬁmgﬁ?%?’ngﬁ‘% y r?ay be directly coupl ed tq%gkll]\esérenote

cijscui t 158 veing thvcomlucrgd 16 hidrhr tlit, metoupesing thg ivaltagargpilaipr m t or

dule t t [ it . [ 60 i
he 20 concuoNlssmatits. b BEupSs HEaC SO B ot R g o e By e

Alternatiuely, 16 ¥l 886599 61384 WEiyg tiel donenctboit 6/aidfadd .
ﬁrgﬁ{]y topm?ﬁﬁi(? d?]%glt 39% Wer JORABLSN g c adé

hi gh cu ecoupl i ng capaci tance 158 via power connection

s v g ngEeaemutl il G el s

| Tace. 118 andHiews, soiudcope SvtRRL G SAg IR EC U8 g SB R PR Ty au o

oit age,omby B P EHRE A P e g e D o & povier

connect | QP adiBthck 3b NGihita] @R dondeetoil 187 mayl carnendthed thetvoltage 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 inchiding, 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 138, 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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116, wi thout-using the voltage regul ator nodul e 154 or the decoupling
capaci tance 158. Hence, in FIG 17, the PCB 114 may carry g;y'%m%voltage
regul at owOnBdare438, only the decoupling capacitance 42, P Phe
vol t age regul at or nodul e 38 and t he decoupling 30 capacitance 42.

Simlarly, the conductor 117 may carry neither the voltage regul ator nodul e
154  oIC pheagidusaripdd with cafprente @itls. 25 s destrjbedvativfefarenceo FlGgd thepiaferast
modul e 154 and the 54 WO 03/037054 2 7 NMAY. 2006 PCT/ USO /%ggQ%{ de ougl i ng
capaci pathder high volipgs dew cumentavies delivesy if et theRAYAT SURRYY 3410 e wltag
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t he present ‘i nvention. The power 10 delivery system 12 is coupled to the IC

22 to mwithoudasipgies découpliveg dapadancadZdescri bed with reference to FIG 2.
As described with reference to Fl
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| ¥ current IpeRanalogppsBagngras dpser I’Iﬂﬂ"tp"(?%é rcg ﬁ%ﬁ@d{‘l %ipo”ﬁ% (rge@‘lé %%emge
regul ag&{iﬁ gg%ﬂ%gt 3 c\fjerﬁotetcﬁﬁufl’ Y85 pgfég}i](gbg(ﬁﬁ\.‘e? o 88 retSbREilhR 580 THE GheTerrdd 6,

t hen t uop I'Ng capacl tance | ow voltage, high current power
via t heaRPRRho%ePRERdrP s Héin tkd powtrtrapplydue ther valtage reghutormoduie 154025 Bigh?
as' |low vol tage, high current power via the (gov_ver c% ctio 4@_1 uii t he
conductvoltagd,dow cairent pawedadt icHow SRFeIner IR IiRs ths ace ¢ ?E‘gege

S 5 R e P et o

| ow vol power “connecti on 54 using.the

cppduct,ge; 13,6 pol EhQL] 18 BidhGo thEredRROLiRtuit iR Aapwcoltage; ightunient powamad tgous
manner as describe wth reference to FIG 2, the power delivery system 20

12 i s quwdrednhativhd 66emimgehe PEBUraced 18 pad freepndustoroiér Alse inval

circuit 52. The preferred at h r .deli | I
34 Lo tmainsee deeribe USRS d FLC RS kolfg iAo Bod e TSk REBRIGAy BUPD ¥
via th ' Lnghit h cusrast polker videvoltage th
decoupﬁeﬁ&gw%%%%g??%ﬁ?ég%é%&‘é’? dl%“vjoll%tsggvg%ﬁ?%%urcr ent_ power Vi gotaﬁg poﬁer
connect je@llaldrfnodifié Rgrenttte cionipivosr corfction &60 ueing the H(hbees Hgadithes2 as

| ow vol tage, high current, power via.the 25 po connection 166 using the
c@fduct eamdugtpr 1 ,s‘ﬁlﬂilwta‘ﬁmgﬁléef%BHg%Wégtaﬁgg\ﬁ%%cri be with reference to

FIG 2y Lo, MlchRbeh o tBii2ge AN i3 Sy Bbhvet Lok ToNadepbiircanchy
power to the decoupling capacitance 158 via power connection 162 using the using the PCB tras
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

ot the decoupling capacitance 158, only one of the voltage regulator module 154 and the
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renote circuit 52 as | ow voltage, high current power via a voltage

regul ator nodule to renpte circuit power connection 160 ugingat g
conductor_ 117, without using the decoupling capacitance ]I%BF 130592

Al 't er nat i WAL vol t age regul ator nodul e 38 may del i vert 10W valYAge,
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decoupl i ng cﬁfgc@?gﬁ%gﬁﬁé. aFIICe-x 19 is an elevation of the I1C 22 and the

renot e I 614, badiZhavisg 5 holmpeiragiteBmod@edB abd 154 iatsd on aravilwior Hé apdl kldge
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power connection 36 preferah sin t he PCB. t el
usi ng t19& EWHMLPPWET 5?!3’,“3“’? ngﬁletmgveagltp&%%?}?gﬁ@%% Je?f gﬁg%o%ﬁglg a'}"fso\i/{vg Y
vol t age,, _hi ' deebu pagdcithadzl 42 asdowg
the condidt Orr%@?ﬁhﬁ%%ﬁﬁ%ﬁ@?ﬁ@%ﬁﬁﬁﬁggﬁ@ trlg%g 1%, then to the
| C 22 agoltany, Mighlcagient fuivglt vidihe potver gomestioni 49 ustig the srndugion At thasrioshe IC

preferably using the conductor 116, and al ternati.vel% usi qul%ugtg f’ trace
118. Al 22asdowisektagepbighwEn ROV ¥ifcdthe PRWE] @nuertop fig Wide My eyl at or

modul & ﬁqﬂng%deégﬁel?e ln\%n‘%krl paLieyel i I’??{;Q%Ilé YolteRtalatbOmbiige BE S R:lteMatively

vol t age, POWer Vi a ower connection 54 preferably using

the congyetioy cokbfedBdhyi@2L helgmvaitage drigie ciran pd8e v theppwenomientian ¥&! y
using the PCB trace and the conductor 116, respectively, w thout using the
decoupl usiggah@mnduatwélazmﬂmtpﬁﬂ&@%@lﬁé%@ﬁ%ﬁﬁ%ﬁe s describe with

f to FIG 2, th e | i t
Cireuit 52 {dngRoUTESBaNBY b PRel FERD IUBLAR o FIG) 2 GRUOKECAel pSokaTDl €

20 12 is coupled to the remote circuit 52 to provide power to the remote circuit 52. The preferred
path for power delivery is from the power supply 34 to the voltage regulator module 154 as high
voltage, low current power via the power connection 36 using the conductor 117 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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path for power delivery is fromthe power supply 34 to the zv?tdh@
regul ator nodul e 154 as high voltage, |ow current power via g@ower

connect i ono3Gnpnef erably using the PCB trace 118 and al t ep@pikys@lpyousi ng
t he conductor 116, then to the decoupling capacitance 158 as | ow voltage,
30 high current power via the power connection 156 preferably using the

conductiernhiiCelgdirectly!t6 theienuat Vircil SMvih ige FRkericoasetiddd162 firinl d0usidiethe
renote circuit 52 as | ow voltage, high current 56 2 7 MAY 2004 WO 03/ 037054

PCT/ USG2hdaser] Iy wathout using thepwliage ragnlatarmneshile 58t phligrontansly; thesderguphieg
conductor 116 and al ter.nat,i vely usin the PCB trace 118. Also in a )
o o aRaGRRAE L may ELvat 3w \aleHS Mgt pihaL PG ety 1 (R aerpa P cigelt 32 via

regul at . . | ' :

i Tou; o B b SRR coplatoP G SRl R5h he JONBL ekl MO RTRS#
nosiul e dr@hd @EBRuPlIRY E4pabitariR@VIBB. connection 5 160 preferably using the
conductor 116 and alternatively using the PCB trace 118, wthout using the

decoupl i ng cHgrwei indfléh 1858 conductorattliowernies thaveoliage regwatorgotditle 38 anddhd e 38
155 i eopBeet bt Ok eRhbRE padiimeR ST A dah SRt Bt 182 ERES ™ o°
al ter na&%gg Ii(erglcaﬁa{@qggmc PSR ahél BfCohbEotOl 140 ahtds IR ﬂéﬁ%h%%%%lﬁ@iﬁlﬁ? i gs{ Eg

renote via the power connections 162 pr

conduct or 11B[(hr19d$ he eR&htioreofthe 5C 20 ahl ¢heRE€Moty cimmitS23as shiomantFIGSL b ot he,
vol tage regul ator nodul e 154. Al ternativelg1 the decoupling capacitance 42

ma§ del ¢aph having theovaltage regulainr modnle 38 age dat logated on the PEB; Hé and the decouphipg; 1

Al ter nappyaipeeas A o looaied th leoRecdot (iR 126, ERMANELE! it Poifbe it o o
modul e tjiégré}_&rwémgcﬁﬁﬁiéﬁ{si JT4hé pRat idRfGon. I Phelpivertdeit@y sydteln! 1@ is EQupledito

PCB 114 carries the voltage regul ator nodul e 38 and the connect or

112- carihi #€ 22He paeddepdwentodhpHe 22,asclesctibed Siith referenge to REG.RopAs descobed with
th | t | at | 154 d.th t 40 A .1
R kS S i o
capaci ; ;
€3 1;’;’61;9& § ﬁyoﬁqgﬁﬁgvdgﬁﬁgﬁlgﬁ%@ﬁhﬂé 38R tHePbRrer bhnk T Prefiraily) using

i nfegral capa di screte capacitors soldered directly
to the the@®@B traeNt I8cirsl H2nmativelyarsinpthé Boratudfon 16, tHe( ®)thd decnpling capfacitireel C
22. The decoupling capacitance 42 receives power from power conpection 24,
for med a4 et vadadiish current Pt ia the AR O eation 49%9#%53 wRgthesAnEHEO] ¢

22 rather than fr : | P 1 Lolihbs Sirrdnh€
connect b HE e ablBngeboft Spdd s hRn & BRACHT S oheliihe MASe

connect peRerdia #b pdvai Fetindtsion duprefeablyaning e cophstir 11§ ahd eltanitiiely using the
electrically coupling the decouplin capacitance 42 and the px%\gﬁﬂle% ntacts

920 andPEBsics!lyi8t Wdsaandnserioad witlhielemerady Flonadhe volipeemesulator 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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conductor 116 and the decoupling capacitance 42. In this exanple, the
connector 112 represents a collection of discrete parts dsBMADIBD in a
particular way rather than a conventional single pi.€ce st ch as a
pl astic CWMS?IOB%“FI G 20 illustrates an el evation view ofH{lﬁQy{%O%, as
shown in FIGS. 11 to 19, having the thermal nmanagenent system 18 and an

L AL EAL CER-IINE T Ipae )
enbodi %8 ‘p%g%a}%qhgl PIRRS % ah Qf{a&‘%dlﬂ Rnanhf 5 dSscrR witlh@ferfiReRs FIB! 1, Vied oltage

system nal”~transter system 14, the signal connection 26, the

power ﬁgﬁf&?cﬁ'trh&hlg 454 hiemhi&rety Bagibe diractbeddupled4s thetrimotleCinguild? asdrect i on
46 and the dashed |lines 120, 122, 124, 126, 128 and 130 are each not shown

.for t hevaltige, laigh chaentpovien vidwvaliaga regulasen made & TeRolsAEYIRIMEE OHEFIYEd to
forma nore detail ed design, Th he | n 2 t ' ;
{15 ot - hil preferko oBmedae sonietadnt ang Al ReSHE e L ‘ﬁ@gﬁqég‘?gﬁg?ﬁ% 2
-and a fjrs . 20 ' f bly | ted ab the t 68 of th
and a r#&?ﬁ@}“@gﬁiﬁ?&fbﬁ% ?ﬁgéng preferably | ocated above e top o] e

| C 22. rmal nmanagement system 18 includes a second
heat sink- 2Q6teandively, Gienasliagetegulateimatide 38 sey delivendow veltzgsabigh cpugitand a
second fan 210, each being 10 preferably | ocated b?é%ow }Rh%ébot.tot 70 of the
| C 22. pineer tiorthe dbeaplisg aipapdTncgd 8 (vieP&HE SARNATEAR Q1 PIR'SSHBY BFB% e a path

f t he heat t d . f | ; 1 | ,
as. showpondcier 416 and phERA T Yl RNGHE el £ o FuordRVBRS e Bake AT,

b 118k ingrtké esralottyr ibfler altknativell . Th
Fi{ws " ehgggﬁié I?ih E%'%ISE)}S%I SnmABi s 18D prefadbgngingrthé esralnttyr irbGler e

and the second heat sink 206 ma haveZAoPe or.%[lmrﬁ
poi nt's q@ingah@pamh cemEhvzvggmuumgd' ztl;rl]e voltagh sepnlaterra 15p 20termaf Gy (the  PcB
114. The first heat _sin e Seco ea [ v,
type of ddessipling capasitgnes 4 BBy ggﬁmﬁyiowpfarggp@gﬁ icﬁéerﬁﬁgﬁcg%g?@%{o Elii‘fl% rl%{ng&y
travel belueed AhAGSnhidin 184 e Babiy(Rlk hé Bondubio 1M aiftimkiv2) Qs
| y

t he secGHlH nmaybe forned’as-a heat pipe containing a material

that chgpopspRhasass( ®ithout ushettheeoltage rempliter modile 1 iher the depning eanagitance
tenperature. The first heat sink 200 and the second 20 heat sink 206 may be
sdéured 168.'t he connector 112, the PCB 114 or the conductor 116. The first

heat sink 2700%and ! %qgg&g C {1 8idMeAHE vAk S eREANAEARbIUIE OB BRd tiesconnector

separate part enfin med as one integral part. The first heat

spr eader; 13Q2radht BEccuPEAR Bafacitincepee SiteilarR) thaP G i1 dé carrien Bierveitpge regulator
conductive path to conduct heat fromthe 1C 22 to t.pe'fggst heat sink 200
and t he méddedshend the eprnecter Mramesdhetscoyrine caPRAaPEs K% heat spreader 202

pref erably naBd bR dat i S 0% RsPERPIEE SRRty 2 heipR, B oRILEIor ANy ate

20 the form of an integral capacitor or a plurality of discrete capacitors soldered directly to the
power contacts 92 on the top 68 and/or side(s) 72 and 74 of the IC 22. The decoupling
capacitance 42 receives power from power connection 24, formed as the conductor 116, via a
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 (EMT) emission control
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Typically, the first heat spreader 202 and the second heat 28’2@ r 208 are
in direct contact wwth the IC 22. The first heat spreader Ukt he

second headospreader 208 are preferably forned as separ atper@k80sdut nmay
be formed as one integral part. 30 The first fan 204 and the second fan 210
force air across the first heat sink 200 and the second heat sink 206,

res pe%ysv&h 20 i Socefd@itice Rdth tﬁ&vg peférrearenibudirhésits bf the pesentilivéllionaid FiGe26,enend
58 7 'MAY 7P04 WD 03/ 037054 PCT/ US02/ 30592 heat sink 206, res&gct ively.

The f.pmeﬁmuhvmzsyauem 12éhs sigual dransfer SystEnid, the:signalppnraggion 36, hepogrer
fﬁgt 2 eamecRbd bl 362l o é%{@é[‘ By CBREE Forsprion, A6 bai 8 HaSieditad daRn
Conductth i S e 450 s doh §61 SHHntdehe s oCHRRGH B ehfe 1O alelC

a@d/Orm'i&ﬁiéﬂ%’b&ﬁm‘l&tﬁd&@%}ﬁ?hﬁ{or&d&aﬂé&t&si@@B 114 and/ or the conductor 116.
The first fan 204 and the second fan 210 are preferabl(g formed as separate

parts, but Mhy {ieemhbmapakeasndsystim 8 inchudep adirst hegtrinls 20 @ﬂ%@t‘ﬂ%’ﬁﬁ der

" a sinskided s i dngEREReh 307 Sy B g, pacips Er S Fely feliRabeye 1355
from tgg gﬁlg%t?:n zloAﬁé ﬁfé&%ﬁ&l&ﬁlﬁﬁ%@%ﬁ@&% SRRERTREIAESa sdobid ﬁeacymc heat

sink 2 € ’secon erabl'y located in a stacked

ar r ange® ahd WRsIBAtiveNeidehides msdédndtheat spreader2D8tand drsaveriician 24yepach being t he 1 C
22. The second heat spreader 208 maé*qal so provide the 1C to PCB signal

dmld/ or pmfmbly lotatqtlbelowthehott@m 78eéthe Ied?-above. In this case, the ICto

" pprk :
Zbove. ggﬁdf QLS b0 S BESot TS RB SR cPmdiRactd be
char aCtd%I %ffrbﬂl E?@'ﬁ%@tﬂ%‘-ﬁ%ﬁt SBhEARANS, kﬂnﬁ&m 1hllﬁeGSEC'q)hw|ﬁmmaat$hﬂeader

208 may a ovli C to PCB signal and/ or power interface 132
advant 29o Qj;lﬁ khe second hlm smk@.‘l%mﬁa){ Heensdegpfa!lny tepedifonatedalegnd ase preferablyfmada i on

fo' EE%;BQ%%&%S%‘%%&;%{%% 2 and e sSmd etk 2 RRRST Pl St ERAE HGIcRs P S
e 11 Kk Ol heSROONAnd S stiefier 305, Anmm@n lﬁhem@mﬁﬁbﬂfszMOB@

second heat sink 206. The connector 112

and/ or thdigecofltReat J;ﬁ:krmm rpa}ohamnyumeecm desigh; apdrpeefierablyoiaye naltipletns that
mechani snms for one or nore of the fjrst he t ,sink 20 t heat
spr eadgrernB 2ir tp avel hesweqnaadjangat ﬁ%%e‘”é“é%W& @E'Ohea?ﬂef(?@& eﬁgg?n%l nk

00 " AL 53l s RS s ogpgiqsbin e T,
Spr eadejet?Q Afhid Bd higaotrefRabive kotenRiturbe The first hes sirk 20 aaddhe besosdcond
20 heat sink 206 may be secured to the connector 112, the PCB 114 or the conductor 116. The first
heat sink 200 and the second heat sink 206 are preferably formed as separate parts, but may be
formed as one integral part.
The first heat spreader 202 and the second heat spreader 208 provide a thermally
conductive path to conduct heat from the IC 22 to the first heat sink 200 and the second heat sink
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 confact 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 The 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 beat away from the first heat sink 200 and the second
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heat spreader 208, between the second heat spreader 208 ang @B 114,
and/ or between the second heat spreader 208 and the secon heat nk 206
The thernal grease |rrproves the thermal conductivity bet j acent
parts. 30V¢ Hgf 0FWf4 eni ssi on control system 20 is coupl ed tﬁ%opéﬂ% over
the EM connection 30, which represents a path for EM em ssi ons,

d be ab The EM trol system 59 2004 .
03/ Séﬁéaasp%ﬁeae@@ﬁg@me%ﬁ%&@%%sr@ﬁ@ LT P .

22, and tf}iﬂl ef AN éngf'é? %ttlﬁig A LRSS i nht tsﬂeg{es?nk i@O ANOné ﬁe&ﬁd%’@ﬂ shitk ﬂ% as

shown W §81'dh co ystem 20 may b formed of any

t ype Ofre%lﬂétt@e@y erﬁ@ﬁftmﬂ MR FRHRE bekbnd ml zmmngx revdivdparverl mmttteat(EIB)hM bt al |
ated plastic, flex circuit, conductive ink coated pl as%méll et.c.

. The EI\/Icothcscm da, cldlhtlcohdlmymtléﬁt Ehzcﬁrmfgnwmdghaswn@ t"ﬂélx?rlﬁ’l Ieay

trol tem 20 .
Prt or E%Sd/;? Qeq%%eda%ytseﬁﬁ%acm”ﬂ%ﬁﬁ? BrBYavinloB fieentihs LY oBR AR RS
- 2, $1%, ¥ }e?é}!nﬁ % %@Epzﬁ’ﬂgg%s ht fﬁ‘a‘?ﬁ@%m{&@@@ﬂb $itegrah

this cé‘gg en ss on co system 20 may be Tocated on the inside
surfac aﬂf, enbedded W thin, or on the outsi de surface of the connector

112. The EM emi ssion control gstem 20 and the con ec 12 10.a
£

preferably fBrenfdt beat spisadent282 ghe fizst bpaiising 200and 5%%2 é@t"gﬂfé&e‘éﬁa
dt th i i t di
o s eemgbinustackid Anuerih v e (s S 162 B By 1RECARe) fom (BRRO22.

f med lsEc @ teat @ad@&oaemés%bammntmmosmsmmsa@nﬁm RE) awupl ed
the %ﬁuﬂ{l h@gtsggoglr ea(?jle%}?ZOZ and/or the first heat sink 200 via EM

j u ncti qiefe2dsly toedted 1 a stekpbatringeiynt urideethebettomiyd atthe Kn? %t &AW Pest ¥ht r ol
system 20 may_be coupled to the second heat spreader 208 and/or the second
heat sifim2be Q?& EM junctions 216 and 218, respectively. The EM junctions

212, 214, 2 ﬁ&ﬁ?at "PREBIE A Bl VRICRR RSt RIS kigabldnadrippweonnect

the respecti em’ssion control system 20. Any E
em ssi Oiatetrﬂl@& 15@ a“s'lcreaﬁﬂﬁﬂ aboveriagshisvasef thed€ thE&B sipnad and/pr m&eralmfr%ﬁc e
first heat sink 200 will be routed hrou eat 202

e.fi
aimfl/ or islvenstivosad, Iﬂ%é‘tSC’éleﬂ(ab!U&mldthH ggs ¢ Fgﬂgﬁd%@a"é © uaHth ons%%iZ and

214, [ I cafer 208en8Lalsé poovider st
heat spslg"ﬁ?ﬁi S%G)Q/toa?{gf atl‘rEM Fégg?Fhlgg?&g@%s@A%g%g%t\%g}m a%reous@y;e%?ogl elle EM

en ssi OfheqeRh B SRl dodforipemebtitatact ha2 by DRgedrskemioyisies gapf e @gadsi on
that is directed towards the second hea gl&eader 208 and/or the PCB 114
wi || beandiot pewertintstfaee funstienanshide heatCoRHERBEIOD 08 and/ or the PCB 114,

R T e Ao
P% 1145%{3‘@'\15@ @ﬁ@%ﬁi MipBY, udl € 1Y toaht Seondhenink@i06 Uomkésd artiie bottewral e of
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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em ssion control system 20 is electrically coupled to a suiga A@mgound
potential via EM ground path 220 to cause any undesirable EM em ssions

r adi at edwioypstod®siC 22 to be properly grounded rather thampcrndseefeszng with
other circuits in the area and/or to cause any undesirable EM 30 em ssions

radi ated towards the 1C 22 to be properly grounded rather than interfering

W th thembEhe Jocafd MO39 ABRARTH s of tHeAT 206dd isREaTet45EP 108858 nFthGoug Fides

illustrates a cross-sectional view of the |C 22, forned as a _lLevel,K Two

sem coftlamt BF ofthe KBRS, 82shawhindiGupe. Fhe EMLAnasvier eqrsiol gysteB g0 may bag a
It t f [ ll interf t.h tt 7 f.
power foemed et Bompe et eREmls edTeD oA friuaRie, TRl JhichliF, bt imB
4C, 5, 8A B..9 . 11 :.1Thi . 62hi i f
oéﬁ][ﬁsieqqas‘ttﬁr @e:é ?)E?liu?,gg%.%n% ink s%&aﬁe_ld%%ﬁ%,gﬁc. Zhé EMY @hiB&iaR cyntiolfs9sipf as

a low ¢ ceranic package, as is well known in

the arip maYibkhigidr HEGEID AHRMI einlieionenhizoystet20 map havasny Sitabledorhe
bottom sidé of the sem conductor package 62, as_shown. i Ftle 4C, ar
i nt egr glapy afid size.dPeeferably, WIMBMLOHWBUM@M@W@:}HS P SPROGSEPT, i es

e e B

extend fromthe |Ns “E?g'q’ St SPE e i dParteae 6f, Btbeddédwithin, 6f o thaf
the seRPESRESE %{?P%}asgi%gé ) © ﬁe si gnal Iéad frames 220 each have a si anal

pad 22GutsldeGatash ¢fthidemidetor 132nThe BMicinaissign cintyd sgtem?@ andshosamesior ifd
top of sem conductor substrate 60, and a gi gn contact 90, located. .
A0t si daretprefesably fynubdas sepasete pagethebarg mpc ?‘é‘ﬁ%‘%ﬂ-‘%‘ﬁ 2R sgrifedapgtper using

sem conduct or, .package as_sh ' : t e
<1 gnal TSR EARIAG ot ehmotieg PHERApER (oS uRen dn: e ol Bicitocly
descri %@ﬁ@q‘é&g@ hoﬁtﬁg@ag fsibblepalB. Preferably, the signal contacts 90

form one~si e conductive pl ates adapted for useﬁgth t he c cié/i ve
type of si ghe/EMDamisstimomntrabsysteowd0 may bgispepled i the Hretdeat;spreaigr ¢ and/or

ol to it Bk bR LRt 232 SR ey A @ARe2 AR BN At

SEm condyeso 2% MeRexA hedCspeiatrEns £id/or the adcordd heatsiime t he
sem corf Lc?lo{ysmgg‘&%f alr’i% di spgsed on thg%suidde(s) 72 and 74

f
seni COQ@B&E@EMS@I&&B@S @26 and 28 avapectivety. CBhe EMIgaciings 212, 2pdet bé)%‘bil %8 the
ower contacts 92 are |ocated .on, the si 72 of. the | . i ,
!to he powepressmcordustiye paths 19 gleclile IYOW“PH%%%FC&GC’FXG B%ts[ {id\etﬁ% Ebgﬂzén%ﬁ%ta{é C%‘ a%/l
t he power, coft act.s T aj | SRdAt §5Yasde D02 anac Kegfirs62,

as desﬁ?%%éwﬁgﬁe%éﬁgléﬂﬁ%% %e%ji&\%%ﬂ_@rﬁﬁed@gm coﬁ%ﬁct or diaIel, 58 is ’

MoUNt e dhe@sihll 206 KAl Henoted dirosgtidt fatdedGpiaadar2Wpnidinihe Brst Beatainkaif0, then
\[I)\g(;; © nﬂéoi%httgep Eﬁl?[%ugétic}ngglg 33?1 Sfaqgs%%gtiveg}, ?o 8e’ Eﬁfgﬁlﬁiogoc%&om{e% 28! gn al
Hence, the first heat spreader 202 and/or the first heat sink 200 advantageously provide EMI
emission control over the top 68 of the 1C 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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(not shown), faces away fromthe sem conductor substrate 60. Signal wre
bonds 230 connect appropriate signal pads on the top 232 of ZhMAY 200;

sem conductor die 58 to correspondi ng signal pads 226 dis e top
of sem coMBPPHSB0O substrate 60. Similarly, power wire b%@ﬁnconnect
appropriate power pads on the top 232 of 61 WD 03/ 037054 2 7 NAY 2004

PCT/ U502/ 30592 th d ads 228
di sposed on ¥le 24 g@%ﬁ%ﬁfﬁ%ﬁ%&ﬂﬁvwﬁ?ﬁ gt; gf ggﬁﬂgin&gﬁ WTB Z i gnal
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FIhG Zzsdrﬁc%ﬁlﬁlcﬁﬁ'ﬂéd@@e e2has shdemdn FIGHC, are integrally foemedhasa gingle DieRcept t hat
the sem conductor die 58 I1s placed up side rwi se .k
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20 22, the power and/or Sltg% adsé ?b
shown) @émidaadiabl gutkag26nfas Slievi 18 EIGSE 5B aushhbl- g¥oterthat ﬁg‘?ﬁg oRfaetE 0 are
substrate 60. The signal pads (no
arlé el desh it th?%ﬁlﬁ‘—ﬂn@&t?rd’aﬁ]éf’r&e %ﬁ}gﬂlﬁb@ naﬁc?%g gqg%\géd%p%}skgﬁéon&t% he
top of Semg oéﬁ%c‘f%?é forSUBRt & & (RO cMinBveAitRs hdtddeforindenuits ths kapacitie typé |

known i FE¥He" Sem conductor manufacturing. 25 A second power |ead
frame 23 shas @dnbétsdn, ROWRIwIAdaAS 88 ofiRHGS: TewshiB-power pad 240

electrically coupled to opposite ends of e second e 236.
The first povkimilds, ﬂ’@ww&ﬁh?afl ﬁ@@é%&%ﬁ%&? a BaY LY Ozgr%éloegt@% 4 ocat ed

| nsi de tsgﬁnéo% uC o Séfc tagerz 6?%&%505@3 oft itk top of semiconductor substrate 60, and a power

20 contact 92, located outside the semiconductor package 62 and disposed on the side(s) 72 and 74
of semiconductor package 62, as shown in FIGS. 5, 9C and 11. Preferably, the power contacts 92
are located on the side 72 of the IC 22. Alternatively, the power contacts 92 are located on the
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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di sposed on the top of sem conductor substrate 60. The fi rzlt ﬁgm pad 238
Is | ocated outside of and uncovered by the sem conduct or i & hd the
second pepas/opmes 240 is | ocated under the 30 sen conduct orPCWIUSOH80592
Preferably, the power wire bond 234 connects the first power pad 238 to

t he correspondi ng power pad 228. Alternatively, the first power pad 23 8

may bend girkigbAddcrorGle 88 To Miespoiitind\Eb 0 & (13T 058 diRpTYEdSAINS Gpast seovicrndunior h
t he correspondi ng power pad 228. Alternatively, the first power pad 238 nay
be wehbstrht¢ 60t he correspondi ng power pad 228. FIG 23 illustrates a

- ti | Vi f, t L C 22 ' = 1 |
connect or 1186 16 g PLE sigtal g sratvedhi ey ot s ibi st A85C, o,
in Fl GS. . , I i i [
Fla . 23 oty e @it Bins a {Bcdmadal O b gt onal
ef enenbasahowe déRribbdabRd. iPrefetatlly, thcineofane tiDis fardRed dsor separatespat angbihent

and the heat sink 200. The I1C 22 is carried by a connector 112 forned as a
socketattaeledstodhnbotborE7G.of tEIC 3he 1C to PCB signal and/or power interface

132 is represented by the curved |ines extendi3g-fr wer
contacts 90FK&rdd u?&%ée%?rf’ﬁgtﬁe'g opal yfeyy ﬂﬁhggﬁrggtfocﬁn %?3%913%&3%9 23, the
interface 13 L L6l & &l 16y Acitihe of2 and

t he Péﬁn&i‘%“%g@ggg%a?hégpv}émﬂgér)ﬂl gétsjéei?iicég?ﬁe%orﬁl égt he giﬁﬁtes. 2 1olr %ﬁof the IC
22.  Prgfeil ieiface diethieoetdinasfehd K222 and poweruntactstP2 drethe isisies dPnand 7¢joé the IC

connector 112, either as a separate Dpiece rt,..or an_d ral  part of
106 corihes sbown TIPS AoguieBAs BBxh b Kaeacpl e (EiA 16 T RIC oR 3 i fc'as
contacts 92 l.ocaie e S . 2 idepower
o der wgedsribgl bRl bl 31 kel el huftemiciRupr &€ S platLa npiaa L
via t h&o@%"lﬁﬁeﬁﬁm 24lip tRipTeticaation,cartie sémicoddifitor Abbgratea60,esliy well
power 1s delivered to the power contacts 92 |ocated on.the side.74 of the
| C 22 kiicwh Irethp vt semisoaduétondesign. {Iherflig chiporientatisnreqyizes iha hysigpals
and formed as a conduct.or 116 caphi ed b
connecPeverberouteddp the ?‘g'&%{lcf”i}ta‘gtﬁ E’ﬁ Iag‘g ﬂ%%p%eg "%%‘agrg @28{16? C tﬁ gc%gﬁvcﬁgewm
ccigrres gyg%gﬁ%gu@ﬁ%h@ﬁ@m%ﬁz carried by the connector 112. The power
S C

nt act arri e y the connector 112 are nmade of a sujtable conductive
material, SOhe tes23@oRdhe semibopiycsorodie 5§ thay wak faging aupeamde perigon Tact

ith th tacts 92 on the LC 22.. The heat sink 200 S, 4li

{op. Gasersuamp ARG, dp s PendASe thy e e ST G U2 FERsEg of

heat sk 2001k RIS, NS BltRally ARMPIol s tR2top BOE oRERIICIT FAE) 21y bgned
ecured ITn-its

and/ or ocation, as describe with reference to FIG 20
above. cGhfentidflally tefirtddroas tie tipas23%af thodG 22y Véith Bfe flipshiporieatatioinedCas a

LZ%Vel E\gf)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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sem conduct or package 62 with an upright sem conductor die 287 P@Eﬁ\éh ng a
capacitive type of signal interface on the bottom 70 of the /'®?2 fand

power contacts 92 on the top 68 of the 30 integrated circ wn in
FI GS. 4C,W@03@)05813 9A 9B, 9C and 11. The IC 22 in FI G%‘Izﬂ”?@”@g?\/\o
03/03705 2 7 MAY 2DN PCT/ US02130592 the sane as that described for the IC

- 22 in FIG 21, except that the power contacts 92 are |ocated op 68
of t he foxtn@bwitlT e qoowepondingipawerpad 225. ﬁé@ﬂ@ﬁégﬁo\%@f%&“ﬁ%ﬂdﬁ@ ‘%‘%gb%ower

contact 92 el eﬁtri cal lﬁl' connect t each end of the power |ead frane 222.

The | edtelfedipghosorresponding RAWEHR ‘the 5 seniconductor substrate 60 and

up through 1y 5) et andoLoBorsl fich T ROITINE shpas kaBIC. 62, carrbbptwer
pad 228 is |'ocated 1nsi ée t he sem conduct or package 62 and .is_disposed on

. the t oRoRhectSENIZG (itgitdtaon sseitstandtsepBting hbeg sk 200 skt shotvnan HGS| Heak &
out side the sem conduct or package. 62 and_dispos on the.t

i CoriHuds, 0B Kagale 2B 280 SAo e 16 2B BTG b 8 K bt e dhartibef Fog the
‘that t 0 t act,s. 92, ar ' .S afj kiagBedas a as
10" descl 2om bt B; ARigtaL ApRets dilylil Bid.1S SaTEARTHato I are % 2

appr oprg’o%gt RRUEiniPRsH Oon the top 232 of the sem conductor die 58 to

t he correspondi ng power pad 228. FIG 25 illustrates a cross- Lan Vi ew
of the | C 22Thé IT DRk mﬁmhwedmnmr1$éfﬁmwd@g@ts@¢kebééﬁla@‘@ﬂH’z“sﬁhhﬁa%e

flipped sem conductor_die 58, havi a capaciti eS| il face
on t he KotaXEB Fiznat andir nogvep Jnteiipe ?reé’g‘?ﬂagg?éﬁé%y %ﬁve[%hlgleﬁgg@g%m%?l t(ﬁle I C

280, 1283 AR o i 16l FIG. 2Ttk in@r2e 182
P " osEroN e mTota g B e R o o P 71 G5, 22 -and

24, excgplachiielylddplesGaly tha sighals betwrentie 16522 agsthe PORel 4 bepause fhepeyerds has

the sem conductor die 58 in the fli hi i ent.ation : i ith
r ef er endeitevedothe sides Bher Thef thadC ﬁgvé’ Fefgr@ﬁ{yaﬁtes}n@ﬁ?doﬁ% ?Ig%%ﬁ k"ﬁ@qp (g)\llp 68
of the |C 22, .as descri i r s 4 TRAWE thefrmiige@a8
are | chf’fégn@,ﬁ%mpﬁgﬁ reﬁ]iezgg%#ldéﬁ}étgg% %ﬁgﬁgec%gmgkgﬁzaeﬂe?t ﬁgﬂsi glnal pgds

226 and g%e- connected to correspondi ng power pads (not shown) on the
bottomi " of the sem conductor die 58 in a conveggi on Id el nerésﬁj%ﬁ‘ggf
i lkust rat es @osrenadaliveterd s thie I 2wiafthe peaver coptacts Pg lepalpdQn o pides e
sem conduct or _package with a fli ] i15c 288 or WY kide 7@ of the
capaci t itelG ypeliterd 1éjn1%ﬂweril?19@?@2@3@%&?&8&%&%&{%9{?0 of the | C 22 and

pover c i dcBbn 68, BEméda: 4 Grddctons] @5ARtroavdly, ppwesis deByersd
8A, 8B, q?%@E}%zpo?%&w% and 20. The IC 22 in FIG .26 is sim l‘argﬁofom«%

descri bad topowdrechiGe@22ilocaRdas) theziderd ofhe K Zepia thoPoY HeOPHECD

sem conduct or package 62 _enployed. Ln FlLG CHLG IO & todl 8. 5Bhd S

nount ed as® RGR tgesd %)%&@tpﬁﬂ%mg as %Bo?dﬁl%%g%té@?@g%ﬁi p orientation, as

dez':‘ocr i bec%n}/lmé(:ttgr fﬁfi‘E réf‘egﬁfcafl? ca'):dpqﬁl tokRe ﬁ&ﬁ'er?&ntacts 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 1C 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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FIGS. 22 and 25 each illustrates an LTCC type sem conduct or 9%2&? 62 t hat
30 encapsul ates the sem conductor die 58, as first descri bezj ef erence
to FIG @Dolkonesver, 64 27 MAY 2U4 WO 03/ 037054 PCT/ US02/ 3CTUBORPGEI226
illustrates a sem conduct or package formed as a conbi nation of an
encapsulating material 242 and the heat spreader 202. The encagpsul ati n&;
mat er i tab s@4 as thiabdessiibed koraheIG22 i FKE.GY, exnspt thaiths pewneqmants Hafisrlpeate
having a |iquid, paste or gel consistency and is applied directly over the
seni cm‘rdih@ttwﬁﬁlpéﬂsﬂp% 5is well known in the art of semi conductor

manuf acturing. Preferably, ' | b 9aRMcteshik0 t he
peri net er ofﬂ? %W%Wigﬁéﬁégﬁagﬁ%@%%d?% %gfrﬁérta{gg?f%%%r? doﬁnhhﬂg

si des \ i 8o A8 ANE2 I KEheclend frame 222 lis toltedsthroug ctor
subst r%ot%ele%tg&aﬁﬁ%gﬁﬁg’?%ﬁoﬁrﬁe encapsul atimr;‘g material 242 may al so E’f
appl i egmiiGoridietdranbarut 60 deduwthromgh the sides o5 aud 7Hef the semiogndygiof package 62.

conp! Tist powrpasciARs i dngen e RmnORcio: CARBEC R L B Rt Al orrhe sdpof
SUDSt T at & 00 etor ShISRE 68PTE2ASk ARG R oRlABEHed St @8 schaRiabionphiasbe

top susFaicendyetqnsub The heat spreader is preferably

f or e deAgy falsBEidIRld the GATGRIGH deoomiuetor phokags G2 fasabowimFIGS S Péramldh, t he
heat spreader 202 1s held in place by the encapsu] ating materi 242
di sposgsH at. Noes thet thepbwer odntadie92 are ush At the sgnisondy H"’ﬁ@’g& afSul ating

ot gt nd S 8ok I O Doy AL o BAAE l pover
combi naty on el 1o 818 ST EANEAR 6 hicoraRpbiding hovacfadzig

encaps8f at the perinmeter of the sem conductor die 58
conpl et el y gncaps ihat@tes theosssecticmhdigwtafthal@2hdomard 25t Lewek T8@ni conduct or

substrate 60. Alternatively, the heat spreader,. 202 nma L d/ or
at t acheemicondisospankeghol vt Wigped WB&@S‘F“&P{G nﬁ?Wé F? Spa%kuﬁe‘%hr}gg? 8};0
spreader 202 may be .segured - alonMBe (ol 68 dfathe 2822,

di spos&¥n8 “F%E%F&?tﬁ?%#%ng@e%r%%%%%%‘%%eg%g@%? FIG 26 the _tg_ of the

s@ym coggﬁﬁg,@ﬁ iSPRSS 40,6, 6R, 8B 9ALSB 9@ apbiter Tholt 22in WG 261s e Rpwbingtien of ¢ he
t6p of the sem conductor package is refresent ed bé} r ef e((r}ft?l%e nurrbe(hﬁB and
i ncl udabat debarittedfonfhellfe ZHadtIGEp 22 arb 24, 2esocps fof the locaiign RE¥EERE c5hduct or

substrate 60. 25 F 27 | lustrat . - t i : 1) ad ddsbabédovrR,
as shoﬁhﬁlﬁ:?ﬂ@cmf%%é‘éﬂ}feeﬁnﬁgp ugt%&ﬁlﬁe%(?ﬁ%?heiﬁ; ﬁdrrr%n\éét?sﬂ'a soscket, and

suppor t | i ' ddntanislonldeat onitinktop 8BS thslE 22tdser shown
P By CeefiE S0 4RGP shaRae i gRae: ’

and sem conduct or package, 62 in FIG 2t7 S
the sampsasbddwith eeferntdrdioR4t Abe poweppass 428 ars losated Hpdsr %‘Ea%a‘&’dé‘ﬁ n
FIG 26. Additional = el enent in Fl | . 112,
f20 med die 58 alangctth thedien Ba%eﬁko a\ﬁﬁﬁaﬁﬁe %?5’6‘,&“"3 fo bdMEiStfsing o v ARS LKt

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, 84, 8B, 104, 10B, 10C, 11 and 20. The IC 22 in FIG. 26 is similar fo that
described for the IC 22 in FIGS. 22 and 25, except for the type of semiconductor package 62
employed. InFIG. 26, the semiconductor die 58 is mounted on the semiconductor substrate 60 1n
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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30 and the decoupling capacitance 42. 65 WO 03/037054 27 mg%
PCT/ US02/ 30592 The decoupling capacitance 42 includes a first rza%cti ve
plate 244 and a second conductive plate 246 separated by 33;% iC
materi al YRBOHBEIN), forning the decoupling capacitance 42, ngzglﬁgSngWH I
known in the art of capacitor design. The decoupling capacitance 42 is

di sposed on the top 68 of the |1C 22 nd i I : top 68

of 'Ito he HEag6 é%‘t‘séléq’fgla sgEpRauRof l?arcﬁ?gap@%?d l&';:rsggn%élc o%ﬂo%g%gr%c?ﬁmﬁl{;%r na!tO e

second %mﬁlgﬁ”a@]‘aﬁgﬁeﬁ%ﬁréa&?%ﬁ-ed on opposite sides of the decoupling
Ace ) power

capaci t perm romthe power connection 24 to

be .
el ectricall Wé@aﬁéﬁlitmgtxhﬁcﬂﬂmﬂmthﬁgvimhmamc“@lmpp”l,'ﬁ%a 9@%@1(13% mﬁ&ﬁ%ﬂl 34
delivers power to the first power connector 256 via the vol tcﬁ%?o rdeg% %Eor
. nodul e B8ingiBqsidcpaste g eonssiRer ebd 1SPpPheBdiFselly QVEidhF STBICORTIGERT 7T "o m

t he power supply 34 via the MOlqtllg ?ﬂ}iﬁgfg"ﬁﬁﬁﬁeﬁ%&a gth? eﬁéapsmﬁﬁﬁégﬁt@i@mr

toda raied o intheatt of sqrucen rrcon ncludes a first
" power t%{ﬂ‘ﬁ %ﬁbh@tﬁ% t@@@eﬁn?@?@ﬂﬁe RAWRbnducfyr Wid 15 andhif peifiited omndopavke sides
ude$ a

connect I'nc irst power term nal 251 and a second power
t er m nahf R5emRoshetanliy 58 bhé ke stntpowath the seminenduess sestiaked% i r st power

connector. 256 15 and the first power termpn 251, qof t.he s

connect Aiermaggelsy e pma@gulatinglmﬁép%%ﬁlﬁbhalsgh%a@é’(?gﬁ%h'(?gﬂ%?ﬁ% %lgkcéso%\llig e 246

as a single upit, su S, b i a1 g EWatA teriblL42ma
nifgmﬁ%ncgﬁbﬁ rd'iet %{? pﬁbt@gyaétgﬁtag{'? Eﬁs@ﬂﬂé Q}%Hcmlﬁ{‘gf th8 efdap gN@iater] y

be for at’ are electrically coupled to the

S?gond ESREL ¥hcapRl1 A8 1RABmiGHERcIaSdiDYS agling thengmicwidditey subsiateiRe | ke.
Li kew se, e secohd power termnal 257 of the first Ergwer rcqtgnnector 256
and the Secofiepeatepraaderd(ids pesi wrdiresecontrchWih SosioP sYEAEH et i on 258 are
integrally forned w e first cond i SdiakBvdbierial,
such asSerpigopgucior dig gg_pitrﬁape%sgrﬁ%f%és @%%e{%ﬁ%%@%ﬁgﬁgﬁ@a%}é formed as

separat e ni r Beat Shresder RO HeldiByPAcDytihe edwmpfilatite mamdact | ve
pl ate 23%@ %ﬁgﬁﬁgsﬁ {/&@’d@éi %ag,%wel ding, and the |ike. Thg%power.

connect hap dgpobdicit dgeseranaavafiihd senscagiactandica Sgydhn angapsdaEgnalgial F42 e |

known in the art and as are referred to, above w t. ; da4dhe
pdier | idmkngsnd selpdifyiag ony ap Eﬁg?gﬁﬂcﬁggﬁ@%‘it?%st&g 0%0 e:ér;]:.? ?%ﬁlatgggﬁéﬁn%rzgund

line 25&H g_la}% rﬁ E?)S%g tlb[% Og{ngﬂ%%o{?%ffﬁ{étﬂeﬁﬂ slpréﬁﬁé'r TMRE thd &plieSib efithesncgapswatingo t he

decoupl ance and the ground line 252 provides a return path
for the geohnc4pat gRtpedimddraifitesenmiemndugdr dig 58 £pap etely grcapsulatehthenoner | ne

254 is electrically coupled to the first M. el Jdef st
power caan peipséie ed t e fi1rst po o
T2 SRCERiSet B SERICPRAIY IR Co R e p Sy sl OF
termnal, 251 of the se fob@ThcRe Bubshlg: (0 AMe@naively, ties REL i S
el ectri c%@lalrﬂ}a% %ﬂf%‘&afﬁ%ﬂ%&%gg%ﬁ) ggﬁ/eﬁlr term nal 257 of the first power
20 spreader 202 may be secured in place by the encapsulating material 242 disposed on the top 0

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-secﬁonal view of the IC 22, as shown in FIG. 26, carried by a
connector 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 F1G. 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.

65



connector 256 and is electrically coupled to the second power _term nal 253
of the second power 66 27 MAY 2004 WO 03/ 037054 PCT/ US02/ 30597 @E‘%@ction
258. Wt Wwo bmezomonnections, the first conductive plate 24twoesnilesst he
predeterm ned voltage potential and the second conductive plate 246
carries the ground potential. The first conductive plate 244 of the
decoupl i ng Thpdecaupling capacitantatfeincludes ofirsiroonsluciiesplatedédtrad 2 seeand hat i s

o e ABA b oy ORGP b,
o Bl Bk ph o o e, SuBE o sicnagi

cont aclishhfedRAVEE tGPEE aE e 1822, afd, nsd padicilgrly, Qo the tofobs afthe hpatsprdadat , on
the IC 22 preferably on the top of the sem conductor substrate 60 for the

| gvel R0B. sem conductor package 62, as shown in FIG 27. 10 The second

G ound. mebék BIpREWEHERIIEEopE o BILHN § DR nEto PR PHE OB ST Ve
pl ate 246, .suc | (=Tal’q ' 2 o be
f or med oggbs&%gg%ar%gp? %elcggélﬁl&a?#’ an Q?ﬁzé%ea@lkggﬁﬁl?%%%ﬁ%gggﬁ%ﬁ [%ghg(gﬁ%he

secondpg g[géﬁfchﬂg Roiplall € BdGlecoutling@apdejtaal 42 Thewehner sappinAd delieers pawer toThe
ground nmenbers 248 electrically contact the ground contacts 92,
cor r es plemfiishpower qdnaedtsr Ftoviadhpwmitage regnlatermedide p& FThe pscond pawer camnerios

top of the seniconductor substrate 60 f h | )

HEag @SB R irgrie pRver Eomsh Byt wbRli s e s Snet MhuBER 00AYSERE |,
ground penher s, a48 faGhuitoyed as conpliant spring nmenbers, but may be
f or med Pad rlgld menbers, such as pins, posts, and the |I|ike. Preferably,

t he power nerHeeirst pdferasntnedier 2ftancliddeseniinst povesr 8emfingl A6§ and aseeqd paer20

i nb , h I t hat d th ' duct di
5. aind tPEBRTA: HHGCC O PRI SOREHE S0P o PR O 2o DA ARer e o
60. Alternativel h
£ or med pgyeégélg%ﬁna}m §! %@%%%:%g?gt ﬁonvggrﬁgnﬁﬂgl 3935 fAROHRE pHRBORINRectdB256

rant ~spring have arns that are curled inward
i 5 2 SQmidths fikvpowePteraiial 261 bf the semhd pawhi amnvitidn A58rals integriliy firmed rwith
towards the center of the circle or ellipse. The upturned. feet or the.
i nwar d theis¢codd hemdistive phite 240 308 siegleuagssugl %B}ﬁﬁ’@b{f SBHRRS b gRfforming,

conveni.ent assenbl The conpl i ant i ﬂ&ﬁ&' QENeE

t he com&@ﬁﬁ%%@%@?aﬁq@%e@pw%{tﬁdt e -YZ(:)?i g}éa%ue eg?ll C)S/(i;or?ka 200 is
di spos ggaﬁfm,%cﬁ%s <B§, sbiiRrih§; WAdinkDarel thaiké. CLikewisy, thesecdndatowsi ttm@q 257s
di spos on top 68 of the decoupling capacitance 42. The heat ,spreader 202

di ssi padfithe fitse power carmiettor B9 aad theserandpowsr tepagbi T ehlbgsewnd Porresg. The
heat sink 200 conducts heat .away f.;,o th ] ' viadsthe
DRt SprasaaRionaRs AR GRET SR kit s RATL FARE S &a fhélo Blie 4 Rn'A

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 carrics

25 a predetermined voltage potential and the ground line 252 carties 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 18
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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67 WO 03/037054 2 7 NMAY 2DO4 PCT/ US02/ 30592 Preferably, th?(}dﬁiﬂd i ng
capaci tance 42 has a hol e extendi ng through the center porticdn he
first conductive plate 244, the second conductive plate 2

di el ect riWORMEFAl to pernit the heat sink 200 to di rec:}’?‘g/n@%g’!tﬁé%? t he
heat spreader 202. In this case, although nost of the heat generated by

the 1C 22 conducts_to the heat sink 200 via the t I
heat 5 canesstienddlcMith @CF%@I‘H@QF’“@F[W?(%% 6o®ugg¥q£§%e2é¥ gﬁgﬁﬁ%gﬁ%égg%t?@g@
42. Alternatiyvel the hale J | hWindetndidl. ey be
elini né'Pti:Iaget%Otﬁ%q%an ﬁ}?eS%ﬂ(glg&gfiél‘{zﬁﬁggﬁ?gmcéﬁ\%aﬁegﬁﬁo@ the heat through
the decoupl ifig GRPAFIdEDESILR 24801 iHe dabipling capmeityncet42ontivdes aricok IEOO nay
have one or nore regions that directly contact the hea s&r ader 2%)2
. ar ound pRiwer ersibens PE thabis podferahky fpanedmsitle the figst M@Wfé’@dﬁﬂf" ﬁg’ S(‘:‘glbﬁ% Yance
42. 10 FIG 28 jllustrates_ a sid er spective ' tem
105  or mefel gignpmg, blepking ¢r M&Egﬁwa&_&}go éz%%%ﬁ%ﬁ%?%?ﬁf%‘%@%@a% 3R M e
L upoor (AT Ry c%%lﬁledftgmgeﬂs%nﬂuéﬁ% pIdRE 964 SOV Ry GSweldRng ke thedike

0 and

supporﬁhﬁ I'ng capacit ance 4 a heat sSink 200, as shown in
FI GS. 4fhe pwédnerbors 950 eRbricAG cohlact th2AowePBymntdds Qhdopespondingde Hicralidge 112

carries the IC 22 (not shown in FIG 28), forned as the | | -t

seni conghientid, quathie $§ 82¢2eferahly amthetapafihe ?F@‘“E%‘EE’HOE SHestr aﬁfzb,e‘d/%ﬁ § e}ﬁg\éd Rou T
PCB signal. and/ or pawer _interface not shown in FIG 28). The
connect@ml&%‘éluic?r@?gﬁﬁggg’ ‘ﬁr?h?mlrb%%gf%ll. The heat sink 200 is disposed on

t 3 connect '?flc nd Cold@RtivSpRAI248NHIWE dicoeslingapacifahés 428 cludas oneor more
t gically attache

a to the top of the heat sink 200 at B\.Ré;l'he Sgnn ctor 112
i ncl udegroiii@nienitss Ptinhat is prafersblyrfordssl viltel thersec ¥ ORauEHRAIa19 éﬂﬁég‘i
258, anal ogous to those shown in FILG 27. .The f]|rst [gy}fag(t IS
pr ef er ayiel SW:M%&M&&“&WH@Z?&P%%@%'eaco%ﬁ%o%gr con%gcttﬁ%f 258
i s preferably sh ' : 8, Stk beby demeleldieg and ¢halikenor e
ST B 5 B By SOPAERIue T, aumtcry

hol es 2 at the foour corner- of the system 10, The
hol es 26fc prsti@midthiere24 & sldctiibalbugintachthe auonrdoptacts 2, SOTEESPRARIIBR ELRGI i ng

capaci tanceé 42 to nechanically align and secyre the 29
i 45an exgpiund potentielyonfthe Ke2hpedsshly OI{}%E/\‘/"BP% e‘-"c@g‘/%"tng‘\f{na&‘g, bégatg ﬁgv{g’l % FI G

f2i7rSf‘”gé%‘\itg}%‘%%ﬁ%(e??%c}u%%g%gayg{éﬁfﬁﬁOdglsh(g\pnthplxﬁptthrpm, t he heat sink 200, the

e second power connector 258, a _top portion
262 of the coRERElY, tdpowdrhseribors?scomidhe piousd nsinttess uare epd foEREH

conductive plate 246, a center portion 264 of the conngector h.gnal
cont act cphwlient2®8ing nirenbiess, bpt mey be farped 45 “E%?’Pﬁ?ﬁ’p%‘f’nﬁ F%ﬁmﬁg’)‘%)%tosf (ﬁfgg

connect C])jrke.l ]P%efglggl}}, rr}% p%%%r n?e%lb]e:rlsltlf’o%d the ground members 248, formed as compliant
20 spring members, have légs 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 bands 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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2 7 MAY 2004 WO 03/037054 PCT/US02/ 30592 The heat sink 200 i 7§4’ wwsed on
the top portion 262 of the connector 112. The top portion 2 g& e
connect owQliz3hess i ntegrally nol ded features adapted to r ®€AVURS2BOR2T I r St
power connector 256 and the second power connector 258. The top portion
262 of the connector 112 has a hole extending through the center area.

t her eof , whipgéfeiadlyg dapdedupling expativamce 42 bat @ holosktendimgshiohgh Hie asoter PaTtgn

t he heat sink 200, The top portion 262 of the can ctqr, 1 21 | S0 Qas ftour
hol es ofd®@ fast canduetsya pleisridds thersesangroondyriive plale 46 8"%‘F’£Eﬁa 9} to
carrying the vol Eg‘,gﬁ 3@@3&gﬁ%@%co'npaﬁgkﬂé%%aﬁg‘?eaﬁ%m IHQMEE?set SEHBuBR m s B Of

t he se®&mpit second power term nal 257 of the first

over fst 200R1A8E Bedd Jae0ppsane heat
P %?g@eg‘fggrgeé%gé %%@1@2@ Lo dRilcistty 1ef haapyiak readereOppsuane

menber s om each of the four sides of the first conductive
plat e kb cohligets Rebithepsiak 20@viaithadecataling capatitanse 42n Altgaativelydha dels i5n

258 and the second power term nal 257 of the firs ower nector, 12 re
bent umdmumemmm%bQW@dﬁ%ﬁ?DIHBWF%%A@‘ AERRRRE: anSE 8
conductive pla 44 al.so has..four,h@l: b1t Lheseobe
The sed@ﬁ@‘@ﬁ’r&%‘ﬁ%‘? a?ﬁ?“ﬂl&% gap%%’é?&g i %hﬁadl%ﬁ%ngélghﬁg h%%;é gl}llf %Oll?la? lr%cl udes
the fi Gﬁ&&k@?@%ﬁs th%??fr@cgﬂ? tacRBiB 1Rkt dobeadéi 202t arpneat lesha pottion of 86 pertecter

first power Termnal 2 of the second power connection 258, and the
gr ound gfehbéscouglifg capeeitgnoedidd contacts 248 extend from each of the

foursides of the second condquctive plate 6.. The fli hsal 255

ol0t he firstFiSowSallugtmeict ?P?ﬁ%ccgﬁﬁaﬁsﬁ@%éﬁ Y&y Ogé?ﬁe{ﬁ{eg{r) %Itﬁ%{g&%’f t he

second power conn ' 1 et 105 fidreied ad48war e
Oﬁm&i aia T8 5&131%8 i nu‘étdi“tfﬁ&kagd e Ased Hhec %

bent d e ‘secon uctive plate 246 also 20 has four hol es 260
at the algigég R REPad hescrel, anPagipertidy decotingfdapacitapesvkd andes heah sink 298pas
carried with the second conductive plate 24 o] t fds4 St _power or
256 andsholm indd68d40ohetAt i3 A4 JBs 9&5’71,’ lgé, S?@d{%ﬂ‘ﬂﬁ?'h@lﬁ‘? %E})ﬁ%uc %%/e
plate 244, qf the first - idRbR&bEepIckafd 61 dks

adj acen egg%@aé'ﬂt Sb@t“ﬂ]ellnlgt@,'\ggb?e et %%?nﬁen%gépt?{oc;%ﬁﬁ{iln t he filJrsf‘Ig ower

cqgnect @écoagﬁn Bitfacitdide@nDadd thelig to FERB dignat andiyr fvarinterfgesbi (nobshovar il v,

the first pvve% term nals 251, carried with the eond.(i(oy"mtlve Iat&lf

246, of FIthe8yeTbadopmastyr 1d3rindispossa ondke Bid ltlﬁe@éilsﬂ&“’p 1S ISP M5 3.

carried with the first conductive plat e e t or
¢ commeiraizl f Biesigoonn et BAC° it RERaATERRA-EE B (SOOTER

258 ar eCHMeEioRA eat t he second ‘power

connect , g alternatively, nmay have any arrangenent. Preferably,
t he pomgéaigon 2aot((:;"tu‘{st]3250, carried with the second conductive plate 246, and
the ground 3@heesimets DN2dnclodesrthe firstipower ¢anseiebinp e 850D PRIVEE e 246,

I I d ad] 6Vi
e et S PP e e b sy

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 corner
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 assembly view of the system 10, as shown in FIG. 27
and it includes, as shown from top to bottom , the heat sink 200, the first power connector 256,
the second power 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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2 7 MAY 2004 PMJS02130-592 The center portion 264 of the connector 112 has
integrally nol ded features adapted to receive the first powger MéoHflect or
256 and the second power connector 258. The integrally f res on
the top pPUBBHY362 of the connector 112 and the center %‘f‘?gsnmg@gﬁof t he
connector 112 nechanically align and mate with each other to provide

t h ' f .t hei ' ,Nal '
are adapt ed 15¢ Rt apte iz dFpoet SROGE I e AR Gee oS RO IR R St
con “ecaﬁ%gé gp‘z tISE B RRh&SoPANtHS Mi2G4lPioldea femives aditediblecohvectht fiestpoper

portio e connector 112 nechanically align and mate with each
ot her t @nnp&ioY 266 asd theusiond, postchesmiester 28% cThdbted pagion 2B\adtherpnypean! 12

FIG 12A, f the d i it 42.. Th t ti 264 th
- Connect bis aliie arieodnadibbeh ek 315D <L BCR BUEPED (L BREHE “CRAPLAT Mo
' I t I 6 ' | ' 1,
a1 oddhPEROP R s Dl 110 CTSEF 37Oy boRlocRE TR g bl iak Roled

- connect ban 4R o tdnidhemerReond power termnals 253, carried with the first
conductive plate 244, of the second power connector 258. The IC 22 i

_ i s
nount ed to t Mheddirstoondudioapthtt244, G&Iﬁlﬁnwﬂsfevﬁﬂéwta@%ﬂnﬂﬁ@%?t%§%¢PH§BQI”EIY,
formng a 15 Level Three | C 22 as sho in FIG A1 S . I in
the art tmm@ﬁ%%f@@@%ﬂ%“fﬁ%&??%ﬁ?%‘ﬁ ﬁesw%%?ev%éalﬁhr?é?@@alz,
formng a socket a i - INTIR Poriteabei TO0ExtendF G
12C, caPPW&CWSCIP%zféCI%@II glI\thOféﬁgf lgéoné%\%eirgoinnt er‘I ace 132, Thexbottom
papt i ON FREFeRh dfiTBe fRARBIEES 6f the fist condudtips pldtet B dndikantand|poyventarginab R of

secure the PCB 64 to the interface 132 to permit Ia Si ngj cont acts 90
(ot Shémmsecons bérectpnneNion2SE e B el T Ja7 BhEGFTCeRSOAT HES T
si gnal tacts prefera on the i I iRyt

PCB 114257 HE X BBFRST CPBROIBE PO PR e LA ett a3 S LB PRl bt e

260 at b8 ofBitfas FOTHCRes BT e fol@riak Berc3B0 i the four comers in each of
the top portion 262 of the connector 112, the first con,de:tiv%E%L%te 244,

the second cofhuetontoqidattivelse 2dhsansngdhe gopnd pefeniaal Beluded FIREE or

112, and the bottom portion 266 of t onnhect . | | ch
otlfer alterynaliZrofd P%‘?(‘é‘sc‘)&f‘ccé%fc#%c%‘ﬁgifg pﬂ%‘és eIIigaE QggI) gﬁgg%oﬁ@?gaﬁﬁt he

five hol ] @ Pnédticss 248, olind dvtdcair48 axomArfion each of the
mechani ggﬁ%klggc%ﬁgé%ee onnecIor 112 together as an assenbl%bof t he system

10 as ShemidésofRhEsccdtd catduetiveplptedidp, The dirstpewerterminalAediolthe Hrst RAVELur
holes in the assenbly of the 30 syst 1 may ext t 114
to attacHnperiosliG @'HfltIEe firs PPWEr a]'i@}_ &III%S%?%SP%’H%CSO %ng(I)IgE é?'%?)?'r anyt type

| ncl udi e84 NP globffh hithbaR 248G Bt ab@RaAlree secdh Sonduedse plate 16,alst0 2

20 has four holes 260 at the four comers thereof.

Preferably, the first power terminals 255, carried with the second conductive plate 246, of
the first power connector 256 and the second power terminals 257, carried with the first
conductive plate 244, of the first power connector 256 are alternately arranged adjacent to each
other at a predetermined pitch in the first power connector 256, but, alternatively, may have any

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 powef 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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WO 03/ 037054 PCT/ US02/ 30592 and the like. The fasteners may be separate
pi ece parts or integrally formed with a part of the connectlof MM%M

Pr ef er abiwn ostchmshast eners are forned as four separate scr @@I/US02/30592
Alternatively, the fasteners formsnaps or clips that are integrally
formed with at |east one portion of the connector 112 that nechanically
engage nat i The tamdnyrortiomAthof the asunestns 162 hes integrallyomobtedipatuies afariedio 112.

Cr cat creasivadOHB! RO RSSO BRI SRR e B gtk ol gl Y
di t ) | t :
assonbig st et Sb T opGRldn 242, U8 Eonriclor | ¥4 R IRl ey Yoo oTew: B0

it canpaf, 183 SREBAIVIEGIvh bhe ulatdlwith ¢htigothBetogRsw dd bynrettor heusygd fam 10.
The ci rch(t:tBanrd 114 ca%gg the connector 112 and the heat sink 200. The

chr cui thehqaspdctiddtefrhihalss Themooadotar housiags aw adeptad ta feecive theefisbpeWebecause
is also carries many of the circuits. t e |.C22.in faces w T

board S PReIBE The e Postsn QORI 2o8n The centphgitioh oA PP i Sotthdclor 112
correspo to th |V : dthéepf ace
95 ©SRa S pafioR 4R el nfi b AL kol Qg okl Wil bR SRIRG A0S

that el,eridd £ROsiheC BiHRWRist desceiadites tyer as sidvar insFIGh a2 As fnting demouplieg PCB t o
the vatious other Circuits interfacing with the | C 22. 15 Note that EIG 29
does nospasitmueat2hdlhe denter hertionAHé of thetopnedier iealsq hagforpholer 2602 tﬁ‘? fque

244 and the secopnd conductive plate 246 of the decoupling capacitance 42,
d9 showpmeys thereof. 27 Further, note that FIG 29 does not show a heat

spr eader 20@@;@{;@%?@,&4 568 Afgns hHE sRSQNEE fir olbeGaminaG X5 1¢oRfied with

FIG 29 ill ternative described with reference to FIG 27,
wher ei id RgostBeqidntiivigplara6] bthe secbdipowet Gnizetiqne? eoandsthe Beeond Pewebn of
the heat spreader 202 20 in FIG 27 and.th 00 di rectIXE%%\t acts

h I nk
the t operofinglyd5Heenins Witk thedpaicson: Hetyeplate %ﬁf‘g&ttg?s%eg?ﬂiwvg GOLDEOL i
descr i 2@% [I&' gllg Eﬁ“&%ﬁ@%%%&r&ﬁt%ﬁ%?&’%'ﬁh Kib{%n 23 Gn ihtbipobérdiodtd, forming a

Cross- e asse y'o e system 10, as shown in FIGS.

28 and 1291 Tiitee REB2 hd 4héan fri FIG. Ui as el knowi iithe THof G rearufasturig?
provides a signal interface between the PCB 64 and the PCB 144 185128 or
descri bed abFhechottohreption 846 ehtheiconnedter 412, foyming a sacketps Shgpm;p §1G- 128 ot

capaci tance 42 is di sposed e he | T - ' '
hag clhiP‘a%‘PSrai @4‘?%%‘4 %ﬁ’“ﬁl lﬁﬁé i% ’ecz%réé tﬁ%%jc %ﬁgggﬁ; %ﬁgg%dt?grcé s t ﬁ%&?gf)@})?gt he
| C 22 tQ SRiBaldH6n P8abs tefcohiatdrG 123s hdupseitloatiéchidiealsy aligt andesectretthe

decoupling capacitance 42. The power nenbers 248 and the %irlound mepbhers

250, f QB 64 tetedntiefict &3 togpramuhe sigadl coptacts 9 (aeisberpi anfia pptost 8t Wice to

FIG 27, tact, A di d
(2t actiCB 88 10sigh IO ARBA O e B A pisierboy o e PREML 1928 000 | ¢
carri ed, on 406 tRNPCH 14/ Hite boti¥ perbiBft 20000 Bie@drfdetor 112 also has four holes

260 at the four corners thereof.
The holes 260 in the four comers 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
comers 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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PCT/ US02/ 30592 connector 112. A center region of the heat sigf §ﬁg @ t ends
through the hole in the top portion 262 of the connector 11 ? i ctly

contact the top_of the decoupling capacitance 42. FIG 31 | tr S an
alter natiwgoépggﬂéisectional view of the assenbly of the sy@(tﬂ?%@%gzs

sﬂown in FIG f28. The assenbly of the system 10 in FIG 30 is the sanme as
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and ha and that the Signal interface 132 forns a dielectric material to
capaci t fa¥ehsrs feow phaps ok ghiysd thatteet neegralihforin€d 22thaat deasheneROBL Gl the hentRORr 114
carries the connector 112. The interface 132 provi des a. ca%ﬁlgcjtive si gnal

.10 i nt et F2bet meckanegally sagage matingdgatprss op@plopsipne Qiics PeHN qifke ¢aBBedar 'L not

in FIG 31 hi | h
P oft act 1 G5 ieat bR fol st FRTES t VEpb g S RRAAMR il 3Bk 8 Re
and t hegRIR, ik cRpse ERAy AbpAibic@indisdk e fogepandeptr Grirginal batoaitasitseynot

shown), form ng the other side of the individual capacitors. The interface

132 pr owiagleseatduen asgerablyaifthesystenet tiat isipeuiarpntly @ssepiesiinithe senge Hlabt cagnot

constant, between the corresp,ongil n% signal.,. 15 co cts on the IC 22 and
es"’réer’%tﬁ

t he PcBbadisagsgmpladiyithqui gampging y o5t R ween the 1C 22 and the
PCB 114. Th ' ’ < di 5 -
8 14 S e TGt PR A1 St

angs angihangdsicaltPréfaedd ©0k Hasmomdibogrdismrise i< sist antiss AAnpodthgrommids that the
contacts 92 on the sides 72 and 74 of the |1C 22, as well as th basﬁ}side
20 ( shoWnR2 amterfaees With nthedhaaed | Hbinchewwmpltipteeondusivegonkactsf@gos £no ad on
the top of the

capaci t §EEPERd %cg or rcltil%% égle ?él? SR ic 25 %r o‘i%ﬁrﬁ%@‘iet 135t 1.4%GPLRL 1 NI

S a connector he present

| nvent i ﬁ{blﬁd}ﬁ&ndzﬁ Refcmeheadi BifotisRokh th FRR 9% tHab aleciricallipyoupde the candwetivber
a socket wth a r%cess to receive the IC therein, or as a cover that nmay
fit overomthets (it shtwn) ¢rythe PEIB tocthe vaniausiathericirewits intesfasing gyithibe I6iZ2h a Level

TP o Norg B S PSPt PR BSOS
connect gp 4 1, ng ltl%ds%%o@d]co‘?n?hgg‘}glﬁhatg?@@ of R deEARRE Chpidithie2S ausHoRvIOh FIGODRT ,

illustrated as a pair o circuit cards, or boards 256, 258 which may
serve agurthesperithateFIG. 29 toanubt show adegopsmadadiBens thown IHLS. EonEke Aheeresn

o e TS BOIET O BB 5 BB o, e
G 5t 1 et i e B B O R e Comnactor 115 has
a Jeces Sy FOG. TR the hieftaink 200 diraetid caitads theMiyy o P0G 4eumpding @ar@sance 42. This
" altemative 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

ref;erence 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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PCT/ US02130592 as part of the connector 112, with the power cQrytpagyts248
and ground contacts 250 are disposed inside the recess at the perineter of
t he connead o3/03kd:d. The recess has an appropri ate shape andecrepidnoagapt ed
to receive the IC 22 to permt the power contacts 248 and ground contacts
250 to align with and contact correspondi ng power and or ground contacts
92 on theebford22i r d¢diterregivriof tie lpansnk 20§ esthodathicugk itz hdld in fhikdow portieat or

112 may al so be considered a cover, as shown schematically in FIG 12A,
that f262obtherconnestarobl 2 difsstly contactihe tapaiirihg decprpiingeapaditane, s,  nst ance,

t he decoupl i acitance, 42 i.s di sposed gver t nd
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t 256 dth d t 5 A dge.
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decou plé]!li?g?.% G A% She sel J)ﬁgg ?%n?i édﬁ%f@(g%o%o%g,%ﬁﬁﬁﬁ dne R The 112
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shown ishown)Gfozaipg fhe ether side ebthadedividuplygpagiors. i b nirrlere 442 ARV A ng

power SUpl TBLLDG JRibe %ﬁé{)ﬁogrigief({iglggtﬂ& cotiatlt Shetd Gerl HE SofIRBHARE Menafn

extern source of power IS provi

f5 t WO BiARERNBE SC226nd3RSPCBAd Bipehit eibdchivk yit@abangUas bewveph tise IS 257
t hat exteng 25 outwardly fromthe cover, or upwardly in FIG 33. This type

of consihdukd POB Hek mts the power to be conveyed to the package fromthe

top. Miultiple conductive capacitqr plates are, f ddn th r

FIG 34 1| uiks dRouplipg caparTians ddiis HiipossH °¥ﬁ‘2‘h%?(égg'n9‘“h? ROUE pERBERZ@and |
power ' h StotAfR; Surtdt 4Hn8 aRd BRI cofRidh e6rréspohdia s Powk

t hat fi@g%@pﬁﬁéﬁ%ﬁ%g&un 3118&?%1% enbodi nment , thec ower rée iveri@s s{em
i ncl udesntictd ¥0aid gropad corificts 82 dudhé sidesi]2and40f4he Eh%itasaveﬂaaséhg badk side y

T30 o0t ahpomaaml the ot SAngNSh R S spel Sihk b0 1< e il (58 hop! G 88 biidnector

112 and makes direct contact with the decoupling capacitance 42.

FIG. 32 illustrates a connector 112 of the present invention that is hermaphroditic in the
sense that it may serve as either a socket with a recess to receive the IC therein, or as a cover that
may fit over the IC. This type of construction is suitable for use with a Level Two type of

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 conngctors. 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 tavity, that is formed
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PCTI U502/ 30592 The two plates are separated by an intervening dielectric
| ayer 300, the dielectric constant and or thickness of whi cth?d‘ﬂ/ﬂthéﬂichosen
to provide a certain capacitance to store sufficient power y
nor mal op®CHBHYPS4or surge, current to the IC. A second in%{J %?Mﬂ%yer
302 is provided on the bottom surface of the bottom capacitor plate 246 so

2yt emaSTUTRIEe SPTETRN byt HE JATEL AT S chRiBRED PR
ic PEJanr lt ﬁgselgﬁ Fl'ge}'\%éesgggt,}gré)%gﬁ%&egBgﬂ’taercohﬁéc"tgrrl)l 2CqRE 8&deSs HAdah a@?ﬂo@ﬂﬁke@hﬁpﬂnﬁl y

own along the sides of the I1C packa&e,
pr ef er afoyh hdhptdigoGadtitd @Y eCed topermbiethe powef amitictm248| dndsreendagntagielSe tehey
engage contacts 303 forned in the I1C. The two plates _264 f@? an portieons
.of the aipntwith snda@ita@s0raspendipgipeaer gndei EAPEI APt S B the (Gré & HEIHER1o
Wi thin an exterior i ﬁal g{l ve material, such as a plastic. These contacts
248, 252rngradl i dPHBAR Fiedth of the two plates 244, 246 and they contact

‘the 1C pack ' ' g%'iktoﬁécnﬁk{ﬁ&r@@h%o‘ffé?,raslb‘ﬁlewh@clﬁ:@ﬁﬁﬂiclﬂ@t IARGALEA, a
heat si nk (ﬁg eg?%ﬁvﬁ\%o(?qg%g—la s such, it may be provided with an opening 305

that exgangs Jdver Sieabp bptte 10122 @shawd in PUB 31 afulthihissianee thadricowpltigel ectri c
| ayer 300 and the |ower insulation | aﬁ/rer égﬁ ﬁhport i on cﬁf the heat . 13481 nk
may ext eapdcitanced@hs dispesedpuai the 1o’ oiing e on AALHISROMST A0HERY genera?l Ag-’

f f the 1IC 22, ] ' ; I e
my be ELEPREePTeTRE SRR g R o R oBe ol e S Ol g, TRber

330°1 at i\,&ﬂ}eﬁé&% ¢ Fna@e'hq'sot biecdnSRibredian ket £6sh@bn IrFEG. 4@Bt iln s caseethe obnircEr
34, but w he [ower 1nsulating |ayer 302 not shown for clariI;y Jﬁltﬁd
i |1 ust r ai B shoemneiright rshéa) tiecfeeines onlike ingdp of theseckshc R8 geodeh Ld e

20 del i t As sh | I 35, | '
502 abutio Sueearsbetbht 4 By HoN R AL 5b s depil ik Mipsef it A Bl hnaed i

smal | er bBﬁ?@@n}"n‘gﬁ{lﬁfe@ 22 P{%ﬁ?%?\m wh@EorAiPDAE 950 naka doithdt @oatspondingng.

FIG 42 ent end o I's seclion for better clarity. The contacts

248,  250waF ol 02 arposcdroatach sitle oftheil@@Rern this ¢ast.be rignels WaRIS i s
arrangenent reduces the anpunt of force required for | t] r enoval
i 15t hat tiahsferred thacesh Gaderyed phibe e 2§|%©Slgﬂﬂ8P?‘§’«%‘F§‘Fc “.g‘% g‘[eﬁg@fﬁg‘gt i on,
rather than.a verti.cal . l.i | 128 bdtforh lof tsd doahect@anid2her
enbodi mEAP2HFRET %@glésesﬁ?ﬁﬁsn%%%%y t g{éh%(t:hg%%orat es a power deljvery

supply thRifkSpdaRabhfectdr 256pat yiengcond fiaver eorredton 288, shewn@srdaeg@&d t o t he

|C at various locations on the I C body. This,i cconpl i .

i ncor porcannenonndanngttdhe woltagepetentialag @TQ“&B@OFcﬁa?ﬁqueg@eé:P ﬁﬁr@%o%ﬁm et e

formed as indiyi | oner t] t asPcdae huitibld forase
S, S e i b

plates is sp er as Illustrated best in FIG_ 37 bY

i rvenj;  coRfitt@aatkad 6, slsavenimEIGRILE, 5a8Ai $B, 9458 8, 1
fﬁéﬁ i a IRRACKERo SekRic Patkaps b,

i ndi vi dual contact nenbers 316 74 2 7 MAY.20Qd WD (fa?}/t(c))%h?

12A and 12B, and the connector 112 may be considered as sim1 a(g %ﬁown in FIG. 32, with

the connector body portion inverted have having power supply mating members of a different

style. In this embodiment, an external means for connecting to a source of power is provided in

the form of two pin headers 256, 258, each of which include conductive pins 255, 257 that extend
25 outwardly from the cover, or upwardly in FIG. 33. This type of construction permits thc power to

be conveyed to the package from the top. Multiple conductive capacitor plates are formed in the

comnector.

FIG. 34 illustrates another embodiment of the present invention wherein the power

delivery system is incorporated within a cover member (not shown) that fits over the IC 22. In

30 this embodiment, the power delivery system includes at least 2 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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PCT/ US02/ 30592 extendi ng therefrom outwardly and downwardly thgqq%squ‘i nto
position for contact with contacts of the IC or the | C package. W't h

t he previvoggserbsadi nents di scussed, the individual plates pEd050345358r
separated fromthe top, single, or multiple sectioned capacitor plate 244
by an intervening dielectric |ayer 300 so that the | ower plates 310-313 of
the syshef@pRicsepaécpbted ban interviting Biebsct layer 200} thendieleetricepns$tenfl and or
direction by the intervening dielectric |layer 300 and are separated from
each ottiemessofividcikmeybechobersiotiroyide pyeain gapackancede siore SHEEFRAY to

dielectric in he spaces 315. It | I cont enpl a C: r
pl ate WBE@“’#&?P’W& F SEES 8%%2‘? ﬁ]ﬁies é’b%quﬁ&e)u?%l%gﬁ lz}ger ‘ggsl(g)g ?(‘Lékﬁge &
t her ewjt f k| AT, s AQf

capaci e\k/bé)%t(féfna{bg%ac|é ﬁﬁhﬁgﬁgﬁn& |p%‘(\é#1(%rpé§w?:|@%gg %%@qi}%ﬁ %{3 Eﬁ%{é illustrates the
set of yqalibhdd Mobkahepotvandeliveey syspeed inpludtea pludaliy of cortteots, 2AR 250 whishauay i ¢
300) enbedded or encapsul ated within a housing or cover, portion 112 that is

al so  jrokiderintetlgcadaravest and growidi(pewerretire) @atacisdhayextand qubwadly Fomdibe) at i ve
t ial. | t hi t f t { ' . f ;

bor 1 oflatesAgs P46 s GO alond i G dhpd REpARES pPetpiallin o Bl iBrdober

capaci tog%mpg ak S ﬁ}.%hé%e (ﬁefe RERESaBe Bbedts 369 forkldain thetlEndHeh@ogslatem may

15 al so 'be par ed with in the cover portion 112 or may be

di sposed4)idehind partissi cfthoontadto248, 256 afedypisally érmapswiated onstheryvispmoldagul y
limt the spring action of the contacts.. FIG 38 is a. sectional view of
tHe powdthinien pxtergr weylatyqmatesial, speh 282918850 | as a portion of FIG 34)

prior 1o it enbegdingnisihiate Arfia) B cdlRlok i bwb e ¥dd) 2binid Bich eohtice |

I s possible eren ages to different parts of "'the IC

such a%h@légacklgmhjs enfB¥daneht $OsuiRbleX0r ideGn cBRbinatios tithtadwatsisk Gygehewn)
contact arrangenent that nmay be used with the power delive % S st4err24g>f
the pr emdnt sachy Bmhdyobe providedavittaan opsmingiiidheieaxicads thrpygh @ﬂa ladepg 44y

Cont acyi Sofresiaay Sl B 0SNG0 G HRElSGh 3y LA el
appr oxid Saf Lpbha ARGhAStHE el 303Uhtd dRteORithaliBatkbleratiBf bulimemfdhé I@r ent

contact Tocations In the vertical directions. As illustrated, the contacts
248 of 25 Ihiemkouastnptians azhéntshvenducting membengey ba Heed Rditds e preamemd,¢

t he upper plate 244 haye a secand l.ength 1 th .both | engths being equal as
shown, m\l@weqnﬁbc&@ F%enﬁ?ﬁggﬁwf?%gng&et eél?sslg@48; 250 are arranged at

different el @abbang seolindl AbAUITIGIALHEAREMRITowen Ristlating ldybe30Babichbon of
forces requited for insertion and renoval of the cover portion 112 upon the

| C or ifof cRAGK ageillusirateh die telutionship betwetn SuriiCa), ifs phckage hyhged thggpower
| C/ package are halved at the first_contact. Thig 30.anr her
pdP it sdff&l’fél'yi sypicahehs ﬁtqw}hmo?fda 3f§"r ?hgﬁo‘ﬁ%ftlﬁs,ulﬁtﬁ’gt ayF 3 Q% a@%g ggrﬁﬂ.%t&ﬂ éf'J L‘% power
del i ver tryct Dd]!&iﬁl‘ft' ' ' nfes 306, thay8e idetl €binghrposes of
occurri aﬁﬁ?lﬁ%\ghgg;gb@ I on. 1&;@1{?11%51‘3&1‘\1(&%4 \%(S) 03/ 0:??05%%61

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 Each of these plates is spaced apart from each other as illustrated best in FIG. 37 by mtervening

spaces 315, and each such plate includes, as illustrated, individual contact members 316
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PCT/ U502/ 30592 FIG 40 illustrates still another enbodi nent 7@93@@
delivery systemconstructed in accordance with the principl

present invention, wherein the power delivery system 375 | hr ee
capaci t orWRI04{08¥5818 319 and 321 which are separated by |Hrﬁ}g¢$ﬁg§|§qﬁté

dielectric material |ayers 300, 323. The top and bottom capacitor plates
318, 319 are interconnected 5 et her r ef.er ab at..their _Si ;

i 11 ust rextenging{herefiom EBW%%V iaﬁé, denyarly Bsriron, g‘}elp'%p%tforﬂh@ S?I’ch&%ﬂ?éomws

i nter connecthon ares | € REPRIBEEEMbS @it Aistheldd, ahe Bidividha plnés
capaci t f)ﬁgtoéﬂ%ﬁ%%ﬁggé's‘g%@?ﬂé, or lcI ear ance 322.1 Sets of three contacts

248, 25,0 325aRlEpRbica TR RItONNhdlder prilliptesetional caphatoyphae 24Dy eer y
system for contacting correspondi ng contacts on the IC or its pack The
. power deltérveriyg dietictne layer Hi0sorthatthalever platgs3d 01348 of fhsrSystempdre g@”&%ﬂi#ﬁ@r ed
In one aspect as a 10 npdul e e to its,stru r | ' ted

i nfo coﬁb@glpﬁﬁkplé"@@lé mm%?%aqg}r?%@n g mtﬁ%?édﬁmcﬁgl%esggt Ee!%itia‘%r(errpl ary
" construck ] 08 Pf 18R OfleARH e Xthhd #oReaNths B3 %ithl Ao oraiiaitlectic in
canti | eVERERC el

OWs arm portions 360 that that are bent downwardly and

slightlype ég%@@dby IR dlsohioteniptated that exchisudirloweepldtefdOt 1dmsagBavethat  def i ne
I nner contact arm portions 362 of the cont aCté'&E ach such cRnt act farra

por t i oncqrespendingysehartealap iptaipirsaPiatsn freaeriEvin g Gemector Pall SePpariigpr pds
used to effect_the.contact .w,th the.s] tfhe |1 C/ package. The use of two
out er cQBE@F%QﬁrcaB‘I‘%“é%p]i%fFSf%% eghlgggﬁﬁg%{ﬂqajr?ki ng the inner capacitor
PR, 12 L1 36 Alusftbuck i @08 altiphep ket vd dapapit pinteed afarklietsiso e | g

capaci tance because o he increased surface area of the togtﬁnd bot t om
pl at es. didlectibBo0)mtsiadedot éncepiutatedrwishinmadipusing or coer perony I¢ thay 1§ AlsP ease

SuUr f ace paeferbr GURBR OBy Sitiehs AR S o e B B By gpent el 20
const T uct on My b M3 MARE feldhFeoph NP2 IARIR e lchedinpnplss 105 space

avai | abl® T Cul oard, or 1n i1nstances where the ICis small. In
thi s comgiwalptth®bwdrltepaipapiates 819348 eThaphtiqnostagtsbyhal extand Merglrei By ed

' ith P -G d-P G d- -G d . .
1515t 1 afedhep poalisr rbedded gy echAVPHRBIEY 4 BP0y DhPO A gUi BSRIEERl 115
that 25t 5%?&’ o &F?rl 5 %530 ot RufyQidit tih @ Actioklo RS chifls.  FIGI Rdsla

transparsécﬂﬁ r{ﬂcg 0 “Show  how”i t engages the | C/ package around its
peri met esrcctag:*a@vie@?’ofthlb poiverddivehharettes FIG. 3 (aawelss erortan ¢1ETa dfbRROMPL h
r de

t he power. Ivery structure incorporated. therein, . wherein the d Dl Ng
capaci t arcembdiding within 0seyer perdon ¢l gyW“ilFé Strygpturg 1&’6"\?8?“@83%3%‘% gﬁ?# ﬁ%t
assenbly has a plyrality, of | S rJ | 30 body portion

t her eof "I’Qi'ragﬁ%l‘f’rf{‘gﬁﬁntﬂ%saosf%;sh%ﬂg?%?ﬁégﬂ rIgj:)tgi?%li{f:i(]hnftlhfurt_her has means
gg?%u258 f OF pifRtdgNfult-drbs £315 @R copvEirringadsntithat sumyeuspd wath the petver

pling capacitance 42. 7 7 NMAY 2004 WO 03/037054
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,
750 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 removat 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 jmplementation 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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PCT/ US02/ 30592 FIGS. 44-50 illustrate another embodi ment of 7 zheypjgsent

i nvention in which an 1C 132 is held within a socket-styl e connector 112
whi ch hasvo deesdesaoupl i ng capaci tance 42 incorporated therREITAUSIAS0592
illustrated, the socket connector 112 is rectangular or square in shape and
has a body portion 400 that is forned froma plurality of sidewalls 401
that cooper BIGV4S ifludiiten stilh ansherembagiewef a powep delivomp system prusEupted it

receives the 1C 132. The opening 402 may be a.throygh hol e .. wherein I C
sits onceondangg witlthe Baa?mleﬁﬁ?ém%%ﬁﬁ W‘%Wl% NOSEAR, TE POwE ﬁ?lh"e?l% Sl@kfér.‘ 5? |G

46.) The, decouplinag. i et RAY [ Bdc®ri
capaci M@%ﬁggegcé%%g%a%h?ﬁgﬁ gﬁ?&/é#g ?ﬁ?é?ﬁ%ﬁeﬁwggvggh%ﬂfere%t

vol t ag ] .Tﬁ@t@omwtmafa?dcm e 318, 3BRarerintercontumtad) . A
cover %ﬁé‘%@& 4{43;%%%%{\8 and seal s the C;lvvi tphi n the socket connector 112.
tlse 10 tqpfre)proferblpat theirsides as Huistratod e inferenmnectinpemberp g2y Hhese poLmE b
to the circuit board 406 by B way of .traces.. | G. 45.) The..ingor i.on of
{hese. dntetspmmsstion percispl8ied ehsepATHE Soakie toigilre: ipferof ety @1 BY 4
surrounding the I C 13 n ' ' : ﬁ%@g' 8 tfepermh &
recei vé@%ﬁ%ﬁfﬁeﬁrﬁgﬁ? %%g ﬁ%tgsf@ﬁ%ﬁwgts S otgg?@gzg-p%ﬁﬁgs, fh%\og{l are =
di SPOS ¢ idhdwie dBRGYRYEeIORSE cotadting conelrindingruoati-tionshe it itspariage. THee
capacitors may include” 15 conventional capacitors as shown .in FlGS. 44-48,
whi ch  yoslet deliveonsistern v this fosml aseldbe previous formsrinee be ennspisreddy @ge gspect as a

ity oo dnamesra ey be bteld B GOat Sl SERE A8Hge file, THE

therei n.whi ¢ i dstreQiod of ik dRtAREs48, 350 avd Jusokhick haved | ow
space 2@5'58?1%05@%?{%%%@1 onnector. (FIG 48.) The body portion

si deval digngARd, sanildveyel or betiogharmagosions 360 that thatsire bent dosawesdly pad shightly 20
accommodate a heat transfer nenber, such si nk 200.. Thi :
connectiowardy asbwhichdernisaten freg nd pertigns g%b&ﬁagggﬁqeﬁmﬁ%fsc? B gtraggﬁoél&%%%
50.) The. capacitorsrecelyi &Dﬁﬂ,{ £t Bvakdly 26996 eontaitabifate om
each ot‘ﬁéﬁegﬁ%ﬁ%% ]t:‘%%sglgr icgrrlgttaer Oﬁ?ﬁ?é‘é@%ﬁ?ﬁé‘% as il usfgrat ed, or tahey

”P%/ be fpagads uedtofdiRcetic copact wigl theside efithe BS/pasiage.o | ocati on(s) of
different power contacts or termpals on the |C. 2@ FI.GS. 51-54 ialcitgl_strate
anot her enmbcBhaeastofdwoputeskapacier platssyn &g ?@H?‘i’r@@nﬁ FRising, the oper fap

e e vy . | d
connect Bate b tectfagt BhipdaRid Tugoul SRIERER (gNEBLAT UPRIALL, botduse of
di SCr et §, GRENIBISPRR d&d SRl tdp drldebotiotteptaics.siibGtet Werds okith tas¢mboddimient it

recei ves a decoupling capacitance 42 in the form of fg:c'hitﬁ CESP citor, 505.
A di f f efsensiblettonntatase dhe ¢apacitanse (andioyrrentinpplicd obhe X g theg hastsanilng

d the | ds 506 qaf 0 ich . i - i
o 8fler n sutenapedreoried B BE pomeRior BRATHIRR Sl RaPeluRBta g WeBed |
and at %@gﬁ@%ﬁ&@aﬁ%teﬁm%ﬁ?of atSaailable b thedicultdoan, deinddstamces 7 WO

03/ 0370 .
where the IC is small. In this construction, the capacitor plates are preferably vertically arrangec

in either a Power-Ground-Power or a Ground-Power-Ground order.
FIG. 41 illustrates a power delivery system incorporated within a cover portion 112 that
25 fits over an IC 22 and the cover portion 112 has been rendered transparent for clarity to show

how it engages the IC/package around its perimeter.

FIG. 43 illustrates the exterior of an assembled IC package with the power delivery
structure incorporated therein, wherein the decoupling capacitance 42 is held over the IC by
means of a cover member 262. The assembly has a plurality of mounting holes formed in the

30 body portion thereof for mounting the assembly to a circuit board and further has means 256, 258

for mating with external power leads to supply power to the decoupling capacitance 42,
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PCT/ US02/ 30592 the circuit board. The wire | oop | eads 506 p smt héﬁugh t he
sidewal | s 504 of the socket connector 112 and may be easil ARG i n

pl ace th i ing manufacture of the socket connector op ends
507 ther:\gﬁogfrog%%jent slightly upwardly so that they will ?&%éﬂ%@?g%?i ve
electrical contact with the bottomof an IC inserted into the socket

connect or. " eqd’ f Iy ' f: V&l :

o ovi des. T or 615, &onatyrRt Hofhef bPlitycae BRE pRRGR fnitich B thflan i€ 321

| nduct apGEwRkintd @ ckaldHI1RAbinaRE 1t PavhRteaalthe GRbneiipapactiaacd 4pieoperatel as a
set of first, or "power" termnals" which are arranged in a pattern

or
array thasinenenipsissted; the pioketdonnsetar] 125 e estrigulpr of suats! iy shans-apg has a body

i ch' erian 405 wahmdommeisbemrs RIS Sepls 4 Rty R FbR o
T 10 i BV LRS! - |
cont ac00RAE PriTpobel F RulSlRL IC 1 i B e be AT A bele,

"of the ypackagqee ANGitd fii telciasit bbdra e cotdd wailt ®nisctshur herhtieals Bk eF1G o6 dher
sidewalls to torma support for the IC. In order to accommobdate_the |op

ends ofdetdwplitigroephcimdse 4Ddicludasa phuaatisy 51 diserste depagatorsAiPerach 6f whichansat ed

i th 515 t hat : the | ds_.507 i ch '
e | eclenerdhc siae Yo pasT A RgRMD eBSb SOHEPT S AT foRredan it 1C § A2 Bt ®
socket 4 °&”§§ﬁgc§g§1p§§‘{e%4 ehPfpsddah skﬁéﬁé 18Q6ithil Bk Reka2sinettctiappeak and

f ormed f part of an overall carrier strip 520 and may be

f oy med dapaditorenORic@eRit tigst pena Honpapbwat supplyddSimowtettto the ciaguidrmmtiddeby he
position of the IC. The inner frame 510 and the sidewalls 5048£ay be ;
f or med waygef tanes.AF1G. 43.hJihe mxomasatinn afthessiiscratz eappcitnrs gy tifsoghet gonugstor

that, in effect, the inner,f 510 ser v base, or floor portion of

20 the %@twﬁmg%&h%fqg&ﬁ ecgg%?ﬁ?%éﬁ@%t es anot her manner in

whi ch the di$6d ElfRcR6RA0E BRY ScdPR Wlia obBsings 410 sdhna sots, o opernigs, that aret end
t hrough slots 430 that are forned in the connector bod¥ portion si dewaAeI S

401. | ndispused imtiedody portivmsios dlissoske conmartarsitewalls 41 i hrgapagitpys piy ncly
sidewal | s 40] ur roundi ng, t he. [ -recei V. I - 4 ve

" ektess ‘i?&f’é?ti'%af SRRASHOTS 55 SRSHY B}fﬁg@c ﬁ%@gb‘é’ﬁlg grlll _ lw‘g)%? e %&ﬁ&g‘ggﬁﬂegd%wngﬁ so.

- as to fr?o‘hrlﬁ%{:tgﬁ{ mgsees %?@ﬁi’gsl&%(e : c%a%_gciﬁfrs 56 RmaRaditd eEcomiASiatthese lbadsr4lliedds in

order to In pla in the connector body portjon. )
¢ Al t er nabddsapottion lidewdils 40 emay Gaper inchides poRageay1 b foraterihareia whigh esp 6 the ed

ithin th id Il.s 401 b | i th ' 410 W | b
It or | aeads Sk meiD A 1) PROTAROT G RE DL ket Py IR

Wi LN 1 e CAPOSEER'idbaAHs BOT i RaveiPoeiBdods fo MAY B NEBHARNS4

20 accommodate a heat transfer member, such as a heat sink 200. This type of connector may be
fastened to the circuit board with fasteners 415. (FIG. 50.) The capacitor-receiving openings
410 are preferably spaced apart from each other around the perimeter of the receptacle as
illustrated, or they may be spaced in different spacings that correspond to location(s) of different
power contacts or terminals on the IC.

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 m 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 andtthe 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 the socket connector housing.
FIG. 58 illustrates another manner in which the discrete capacitors 403 have their

terminals, or leads 44 extend through siots 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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tail portions (508) extending out from said socket housing g}é@ 0 a
20
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grid arrci%ntslerm nals and ball grid array termnals. 81
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Claims:

A socket for an integrateci circuit (132) , comprising:

a socket housing (112) for holding the integrated circuit (132) in placeon a
circuit board (114), the socket housing (112) having an electrically insulativf’e body
pottion with a receptacle (402) disposed therein for receiving said integratéﬁ circuit
(132) therein, said socket housing (112) further including a plurality of wall members
(401) that cooperatively define said receptacle (402) in said socket housing (112) ;

“a power reservoir integrated with said socket housing (112) for supplying
electrical power to said integrated circuit (132) when said integrated circuit k132) is in
place within said receptacle (402), the power supply reservoir including a plurality of
discrete capacitors (403) supported within said socket housing (112); and, ,

a plurality of first conductive terminals (506) supported by said socket housing
(112) for contacting said integrated circuit (132) and conveying power from said
power reservoir to said integrated circuit (132) thereto, the first terminals (-506)
having contact portions (507) arranged at first ends thereof for contacting cdnductive
traces on said integrated circuit, tail portions (508) arranged at second ends ihcreof
and body portions interconnecting said terminal contact and tail portions together, the
terminal body portions extending through said socket housing wall memberé, the
terminal contact portions (507) extending into said receptacle (401) and the terminal
tail portions (508) extending out from said socket housing (112);

a plurality of second conductive terminals (550) disposed in a base of said
receptacle and spaced apart from said first terminals (506), the second terminals (550)
each including a contact portion disposed in said receptaclé for contacting an
opposing conductive lead on said integrated circuit (132) and a tail portion (508)
extending out from said base for terminating said socket to said circuit board (114),
characterized in that:

said discrete capacitors (403) electrically contact said first terminals such that
said first terminals (506) supply power to said integrated circuit (132) and said first
terminals (506) define an outer boundary of an array of terminals of said socket, said

plurality of second terminals (550) being non-power terminals disposed in said socket
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housing (112) within the terminal array outer boundary. _
i

The socket of claim 1, wherein said discrete capacitors (403) include chip capacitors

(505).

Ttie socket of claim 1, wherein said socket housing (112} includes four wall members
(401) and each of said wall members (401) includes at least one recess (410} with one

discrete capacitor (403) received therein.

The socket of ¢claim 3, wherein said discrete capacitors (403) are spaced evenly apart

from each other within said four wall members (401).

The socket of claim 1, wherein each of said first terminals (506) is formed from a
length of conductive metal and is formed into a U-shape to define two spaced-apart
electrical paths of said first terminal (506), said first terminal contact portions
including a closed loop (507) and said first terminal tail portions (508) including two
free ends (509).

The socket of claim 1, wherein said discrete capacitors (403) are formed togéther with

said socket housing wall members (401).
The socket of claim 1, wherein said non-power terminals (550) are chosen from the

group consisting essentially of pin gird array terminals, land grid array terminals and

ball grid array terminals.
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