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m croprocessors that have fas
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
15 dramatic increases in the functionality and performance of integrated circuit (IC) devices while
minimizing the size, weight, defects and cost of the IC devices.

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

20 manufacturers took nearly thirty years to perfect microprocessor clock rates to run at 1 GHz, yet
manufacturers recently reached the 2 GHz microprocessor clock rate less than eighteen months
after reaching 1 GHz: Manufacturers anticipate that there are no fundamental barriers to
extendiﬁg the rapid ac{;fancement of semiconductor technology for another decade by building

the even faster silicon transistors. These transistors are anticipated to be around 20 nanometers

25 (nm) in size and should permit the manufacturers to build microprocessors containing a billion
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power supply is assumed and little consideration is given to power delivery until the end of the

20 design. Printed circuit board (PCB) designers attempt to create the ideal power delivery supply
with conventional power and ground planes in the PCB and with wide, heavy traces on the PCB
to distribute the power among the devices on the PCB. High frequency ceramic capacitors
control high frequency noise, created by switching the transistors on and off, by shorting the high
frequency noise to ground. Lower frequency bulk capacitors (such as tantalum capacitors)

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

To electrically model this power delivery system, considerations include the inductance
and resistance of cables, commectors, 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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%8 't ag@ontinuing with the two examples above, the microprocessor consuming 55 watts of power and
having a power supply voltage of 1.65 volts requires a supply current of 33 amps (55/1.65), and
the microprocessor consuming a 120 watts of power and having a power supply voltage of 1.0
volts requires a supply current of 120 amps (120/1), representing an increase of about 3.6 times
over the 33 amp microprocessor.

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

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

needed low voltage, high current power, are located as close as possible on the motherboard to
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20 An alternative power system approach bypasses the motherboard and the microprocessor
socket. In this approach, the interposer board carries the microproéessor die and the voltage
regulator. Current flows from the voltage regulator to the microprocessor over a path starting
from the voltage regulator, through the voltage regulator socket, the interposer board, the
microprocessor package, and ending with the die. Since this approach bypasses the motherboard

25 and the interposer socket, the path of current flow is shorter. Therefore, this approach improves
the impedance and the resulting voltage drop of the relatively shorter path.

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

30 level of an integrated system.
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can provide the mi%roprocessor with a surge current when required. The decoupling capacitors

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

more area on the circuit board.
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run through the same surface of the IC, typically the bottom surface, and with high densities, the

power and signal pins should be isolated from each other to prevent crosstalk and noise.

Hence, there is a need for a power delivery system that delivers low voltage, narrow
voltage margin, high current, and high transient current to a high performance integrated circuit,

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

JII.__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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metal -to-netal) connections such as a land grid array (LGA), ball grid
array (BGA), pin grid array (PG and solder, to transfer signals between
the m cr opooiseesws and t he not herboard. As 10 the sw t chi myryseedesssf the
transi stors increases, an undesirable amount of resistance due to

i nduc h%@g)ﬁseé‘%gﬁfgk&&@g oftbd, Bnd 1% Jgﬂgg%pfe‘é&ltin@tz@fcﬁp BRRE{daPobEinas I i drae

sem co ctor ated I nsi the m croprocessor and the notherboard,
incr e@ﬁ?ﬁgﬁﬁﬁlﬁﬁﬁﬂ dTentot hRsdapy. Muhfart(dtely, at2dddy)s miheprobasgespedde of diict i ve
path interconnecting the sem conductor die in the mcroprocessor to the
mot henixbabiae etvbie thei sghple, passive elgmentsiof @ high-siiegh design; sepheas awiress Poperidsi on 15
of the m croprocessor causes hi gher . re iséan e 3]#3 toosithge iradugt ance on
t he sFepErtopaeRd NHAQPIOCRISST Pas %@Pa“ﬁé‘él%‘ﬁﬁaﬁ Y ARGt SRR PSR AONBERf t he
signal level. Therefore, . it | P e e1d oM of the
gnahevﬁg‘?ﬁhﬁglg{lﬁl«e%‘?@%él}ueé‘f/p%fq R’%%grnge |ksocr‘ri&l %fl usjtyrgglltﬁe%?%%{rébygssor él’%@r eases.
O her ﬂfe?ﬁﬁ‘ﬁ?%ﬁs@ges of signaling via conductive contacts are disclosed in
U. S. Igate t , 629, 838, issued May 13, 1997. An engineering tradeoff exists
bet ween i naxprailNG fleostosdsseanaks opesc withithé metheeheyd wiing pavanieispr ocessor

and the signal integrity of the sgst_em Hence, there is a need for, a
syst emetdldo-masalyicomnectiensseh ag 4 land grid guan &yGH). beHeridgray g3 HeduR 8Fd; o

et eace WhAROUL, Sogr A e LOL SO YOl e S Pl SUG ARG eM o
hno| L Wsed | 1.ah= jaital .Sl i ) : t ed
Koo OB s R HALLE) LAl g or ko it g1t

M Cr ORY REESSO 8sdciAtd WAl ehdUodhghtive REiconngR o bendeathe sefibhéuctarndisi ze,
which directly affects the design of the m croprocessor package. Factors

r el at @ebated inkide dprmivesgsorespaakdaipe miatherhoardninbigdses acordiegto the formvna 6¥t=and
per socket, the nunber of ground and power pins, the nunmber of signal

cont a@S&l)arihedprgralthaesmdnetivs path ipercosaeriing the wwaicouctebdiedrthepi t ch, the
nb of total t act d,total t

031 0BGt PREFFOs o sgarop B hiebet or arg s 8 MM BRy of dhstiion,

gf nt a%& 1he ellng:%prt)gélgorsdaggb@ laﬁ?%ﬁﬁ%@g%&a%ce bfieto tREMAQRRLETnQhe SbfalPatke andnd

her ors.* I'ncreasli ng er and power of transistors’in the

M Cr ORKIQ$ESEMcelcuiies alhighel NEltagadns ofthis signdl lpel. Tiwefany itdndesiableed as wel |
as increases the nunber of ground and power pins. 5 Increasing the

per f ormiaiaze tie indectanaerod ot gss pathas He frespancyrpfioperatbion ef tha MIKEPINGREFSF of
signal contacts and_the senjconductor die size, Incre(ﬁsilng bob&o?gg%)omer
and pdnereassanOihes disedeantages olosgnsdiag Y6y copngtivie coptacts are Jiselqsg Jf &t s and
wi |l decrease.the nt.gc itech, |ncreasi - r . I cts
Wi | & r S e WEY a3ntoddt it wmetiesind TRl (IR nBeadifh B R

20 operating frequency of the microprocessor and the signal integrity of the system.

Hence, there is a need for a system that permits the operating frequency of the
microprocessor to increase without degrading the integrity of the signal. Such a system would

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

speed digital signal designs.

25 IV. Integrated Circuit Package Design

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

30 per square area, the contact pitch, the number of total contacts and total contacts per square area,
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required along the Z-axis which may require an increase in the nmated
contact height. Increasing 10 the frequency of operation of the

m cr opr ocexsr028dk| decrease the signal bandw dth. Hence, RAT/U®RGed9s be
understood that engineering tradeoffs exist anmong these factors in order to

produge . nrtlta{*/;? ﬁfc% R & 9T axi@ W eHated c Mt KEZRM IRASKAYBaiORd @ the V. Ther mal

Managéne ancesdn el ectroni c packagi ng design provide devices wth

hi ghegerfssiRciprarssia)dnd dthestavblser si ze, which lead to increased heat
generation and heat density, which in turn nmay cause thernmal nanagenment to
be given himghesingrthonimberiand pawtaafdradsisiornintthe migropraresserdypigdly iEEEagss t he
devi ce. For m croprocessors, higher perform i ncreased | evel of

ce,
i nt egetstanbner eonthot @it savketzae Ml 25 incpasessihs aupmker ¢fegond AE BRFET RER- uni f or m

heat density in certain as.of the 20 . cr j bealr gration
and hg]éfeaﬂlé‘ﬁéllilet Rﬁrg%ﬂlapﬁ%‘gfrtﬁ%@%@rg 8%%“8\7 1;llilhnererg ?&é B%ge\?‘gér)\@et gé ﬁ%ném con %@t or
techn T8 s8hiRRIddNai0kizE WbfehSRE BERIBOpoW S 204 periGiianat bfthdependent
on thgén?%\ésé?%{]ﬁﬁﬁsg%ie%gé&é%rurle %f t he di% juncﬁ’on, vvh?ch depends on the
POVET GBS RBGoDWill iRreatd B Sdtsltcontabid\aha gvill decrdase thewvntacopiichT Haemaging
managenent of the microprocessor is related to thermal nanagenment of the
25 voliteagentree gftostl eontaBs whileldecreasing the gextaeipitch avill incresse theegiegt i9F%nd t he
power consuned by the, pr.ocessor rust .be consjdered togethe | e,
a vol resyied alpng Mof-agiseyRich mgy RAUEs ap FpoLease 1 @quag?dew@%céﬂ%é% ilig‘{%e fives a
I Croprocessor nsum n ) ReMA LS PalS8aRRauh. ncyatts of
1g}_owerl.{al el rOPr?{%]tongga‘%Sgl\évmﬁo&%%meg{of rom téﬁgg\'?g ta Sy regul at or zralﬁ o
mcr Ogﬁ&ff&'ﬁé QhderitBod BRL cddifeclRY e @Soffs bxRE Qlﬂbn%theﬁﬂifaﬁﬁ)ﬁi i okdegits prodhtadi | ity.
Thererore, an engli neering tradeoff exists 30 between |ocating the voltage
r egul afiglopfRedsot heving eii optiraized pmkagodesign ni ze i npedance and the -8 WO
03/ 028095 PCT/ US02/ 30593 resulting voltage drop, as described above, and
| ocating the voltage regulator far fromthe mcroprocessor to mnimze the

heat generation and heat density. Hence, there is a need for a thernal
nanaggﬁaulhsﬁﬂﬂmgiﬂﬂl—tpermts a high power mcroprocessor to be |ocated
near voltage,requl.ator WeTNAC : IREAdRN i an& M@l t age
drop whil e%eq‘v %Czielseurllte eﬁtrénlﬁgg}a%g |§geﬁg‘g¢ generatfc;é?)ﬁ’lﬂal@:{lr]%IE hgg%rfdgglnsi ty to

Xi Mz B 67k abiikh l8ad tYincrdabditichpg@@neioh and hta besignwhicBouture snayfcause
el ectromagnetic interference (EM) em ssion include the transistors within
a m GReRhDERASRMANtD 5 gnal hiphdripsiodty nipackdge dosign thsmainthie esbipbidity ahthe
m croprocessor is one of the

device.

For microprocessors, higher performance, increased level of integration, and
optimization of die size has led to higher non-uniform heat density in certain areas of the
20 microprocessor die. Heat generation and heat density continue to increase with more advanced
semiconductor technology. The reliability of a microprocessor is exponentially dependent on the
operating temperature of the die junction, which depends on the power consumed by the
transistor having the die junction.
Thermal management of the microprocessor is related to thermal management of the
25 voltage regulator. Both the efficiency of the voltage regulator and the power consumed by the
processor must be considered together. For example, a voltage regulator operating at 85 percent
efficiency and which drives a microprocessor consuming 120 watts of power, dissipates about 18
watts of power. This power must be drawn away from the voltage regulator and microprocessor
to cool the devices in order to maintain their reliability. Therefore, an engineering tradeoff exists

30 between locating the voltage regulator near the microprocessor to minimize impedance and the
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10 largest sources of EM in conputer systens. M croprocessor clock signals
have increased in frequency to 1 GHz and beyond today. At 1 GHz, these

cl ock si gwa ®/esmsgenerate harnonic frequency signal s thatcwesmehods Chz,
and both of these signals generate EM waves with wavel engths that are

i nver el ' e $do8R&duldtbr Br frofnltRe hi gher the
f requize%%l,n Etvﬁfeegéi%@?%{rs %eﬁ%ﬁb\%gslg(lg‘%ggt h) ¥atil}I§ tl‘Il'gg(i)lcaglg Iié, a conductive shield
Or  COMRropfockiE6hd Mik@bertd hdalenefatidn ahd @bat dessityr ounded to provide a

di ssipating path for the EM to prevent it frominterfering wth other
circuits. Heace,slhirelish nesddbn athemesl aianegdnatns solpten thakpemts #gl%&ﬁt to
create airflow to cool the devjce gﬁé}terat i '?“E arge hol es

the EM . .However
i n t heemprcesspeioke lopaipd R ¥eltagsdegiiaigligH rElZSﬁ?eéF@?dan&ﬁ&n‘?ﬁdﬁgﬁltnﬁe shi el d
ol es st be sized.so that g . pfkaw i s not 20
gest r VRLREF TP E’E@F eﬁc e%&ﬁl%@ggﬁ%atgglg%ﬁtgﬁ@nﬂiﬁ%ﬁ% 21%&13?}{1%1'1%”&' l er hol es
in thesshhgpld for EM  containment, but the smaller holes restrict the
airflow available for cooling. Hence, an engineering tradeoff exists in
sizing the holes in the shield to for cooling and EM contai nment
pur poses. The shield may be | ocated at the m croprocessor or chassis |evel,

or boMil. ThHlectzbmaignetipIntexfexenee gener at es t he hi gh frequency harnonic
signals that cause EM, so that |ocati t he shie | o .
mi cr opr oceS9BTCeHAY Clef URIFIGRT S?E‘?f%ﬁﬁ?l}f? r@tgﬂ)eerﬂgf‘l% i"ﬁciu%é? igléentzﬁlssssgoergwghﬁ%a

source .of the EM. L. | .a n 7 hebemkerin
W th GEREPrh e SR e e K e e

B f| QW08 86RHed OF BHE B ByfutérRstBhas. DREORDEROT clbeiadignal havenadréased jn  t he
chassi s~ of the conputer system nmay be used as the shield which 30 inproves
the aiffdhhewyas QLGHz ahébegond typtagc ds d dFHHthespetavk signaivican gererpie hirgaiGy t h
other circuits -9 WO 03/028095 PCT/US02/30593 int stem..A chassi s

| evel freghendysignabsibptisachsn@ht, apdbeth qfihess signpls genatatp ]‘SE%?VBB "6 age, but

d irflow. G oundi heat sj hat | - t ol
| anoravelonaisy thas Forisel erwoinabbaie Fhffenyd SRnE et e IR kL B PRCDSO!
| ith I t he heat 5 sink t t t
coup g\gﬁq\é\ﬁ{?%cyf ﬁ?gesgﬁﬁ%tql?%gelgﬁ?cause e hea sin 0 act as an antenna

and r icult to ground the heat sink through the
ii§ CT Opr OCeSERYicAMPCK daiRiucaekhadid bpe@ler Grusud e cugtbhEMiedhe shiald isrggoundelifoe
EM, this sclution alone may not be sufficient to pass required FCC

eni ssippovities dissipAtidg pathrfad the EMVE|td iprayentdy fiom inteeforng with othsr sireite- (e EM
Therefore, there is_a need for an EM cont ai nnent.ﬁ%s%emoﬁr&?t contai ns EM
from tshighd psualjlepuipinsingfesiar thetab tanagsmsnb i P3G 2o fhed e dRfEgenment of

10 t hege%gr%l;cig?che EMI. However, large holes in the shield permit EMI to escape through the shield,

and thus the shield holes must be sized so that the EMI does not escape, but airflow is not

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

The shield may be located at the microprocessor or chassis level, or both. The

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

30 improves the airflow around the microprocessor but permits EMI to interfere with other circuits
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In summary, systens related to power delivery, signal transfer, package
design, thermal nmanagenent, and el ectronagnetic interference (EM)

em ssi on wand3roegosfor an integrated circuit are needed to FUpERIRZBOTBIt Ur e
and current advancenents in sem conductor technology. Summary of the

| nvent} ﬁn 132 AC RO AL DAY sbfutibxér WHEDEHAN hORE BGhe Maskib CorTMBBIREkAgRYBIRL | ON
to pr(?\/t 14 i pr oved power el[Tvery system and apparatus that overcones
the afgQreeintrioqned di sadvantages in delivering power to an integrated
circuit wthout occupying |arge anmounts of space on the circuit board.

Anot her ob{Gesindixfg 4 hent pink e {ocated ewrar thenieroprocessenis aeothersyast terrdiieg
apparatus for providing power to an inptegrated,circuitf . utilizi one or
nor e ENJadlavesver, i fremd l%myéﬁ?fpéﬁs%ﬁﬂatfeuée%wg thegpeat i gy cﬁ’ésr‘?ﬁg e at
engages. the integrated circujt urt.her | ec I L tion
Ps t oSPk&ptes g Wﬂ%%ra&gﬁﬁ t{%%t «itgl|s g%fgglmg)lé[ 8184%&@ ?%ﬁﬁ?(ﬁg%)ru g\rflg‘:?es a
pover mti{)r?gr%t:ggsoﬂfﬁﬂﬁ d Qﬁcpalfﬂa)ﬁ R @i @ng tAEn &GO SRR 8o redu@B BN i fisdlftion
prefera capabl e of >suppl yi %g power to the integrated circuit along the
si des aRhe hi2p 1ot bé Befficient @ass requiedd UL emidsionfteste shdditional shiclddtiimey ba of t he
nunber of conductive pins (leads) needed 25 for _the integrated cjrcuit

whi ¢chnedessatytablocle thedidl. t Hesréfores therasig @ineed for gnEMleqontanacnt shEiea thdte
integrated circuit fromthe connectqr, and freeslgglﬁ ddi £ onlal Rilys,ff or use
in si gertping PRk Sosshigh regerng dignpls SithBt SYRRE GRS e ST Ve S ot her

obj ect, of the present invention is to provide a power delivery nenber in
the %}Eﬁwtﬁn'either a socket or a cover that includes a plurality of planar

capaci t or s yf or A I hedghdrelatedPiotddtie ARG, Qlchal thkftlipagkac desighf themel met al
pl at es thanlare S ﬁaﬁlt ed efar omoeﬂgch ot her bygsla -10 WO 03/028095

PCT/ UgQ2h 239587, ardi @éctoimptetiviterfershce (i endision dontrohior fio infegrated citPiify  t he
capacitors being further separated from each other with the power delivery
menbemre ndededtmysuphert fatprecind sneerfadpangemens i suieqndgetogiechle®t- vol tages to
distinct areas of the integrated circuit. A further object of the present
invention is to provide a power delivery nenber that 5 integrates one or

nor e gg%zlaci to(r)ﬁ!t nggitﬂmand whi ch includes a plurality of individual

cont a therefromto engage | eads on an integrated
frouit, thedeatnybrinobapased o aiaustint hieciin.to paiemuimsodepasicr! he
I'mtegrated circuit: A further object of the present invention is to provide
a proGRES@Y spaeiiand abpattut daesvarpomdsahs afopanentionedadisidveniagesip deliveiivg whi ch
does not rely upon galvanic coupling tqQ mate with_|eads .10.on. §Pci rcuit

boar d potee tqparintageated eirad wighoatt ReRysY g 1igs FmpRRts pfmace fr the firgyit & circuit

Lher con.” (hE. NRuSiog. RaYL 108,y L £6L 1L K. LOIAR B bl (1
providing power to an integrated circuit by utilizing one or more capacitors that are supported by

20 a cover or similar member that engages the integrated circuit.

A further object of the present invention is to provide a connector for an integrated
circuit which incorporates a power transfer means into the body of the connector, and which is
preferably capable of supplying power to the integrated circuit along the sides or top of the
integrated circuit which results in a reduction of the number of conductive pins (leads) needed

25 for the integrated circuit which, in turn, reduces the force required to insert and remove the
integrated circuit from the connector, and frees up additional pins for use in signal transmission
to and from the integrated circuit.

Yet another object of the present invention is to provide a power delivery member in the
form of either a socket or a cover that includes a plurality of planar capacitors formed therein,

30 the capacitors including at least two metal plates that are separated from each other by a
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plurality of contact pads fornmed on an inner surface thereof to which are
termnated, |leads of the integrated circuit, the dielectric plate

separ at i ngadse28mner contact pads of the housing from comcauSopactys3

di sposed on an opposing surface of the circuit board, the inner contact
pads heifdific IO SriiEBR! A AondRed fh! theCRPdRERMMgMrEQ bR TR ON N
circuit board to provide- capacitive coupling therebetween to effect signal
t r ansfegsh dtherwithehd puveg daliwsly aichrbet, twheebyttke cdpacitors suppdy aplurdlity ofiousi ng
further having at |east one capacitor supported thereby, the capacitor
provi diiffigrent walfpges/to distinpioaweas af he integratedegjraaited circuit. Yet a still further
obj ect of the present invention,is to provide ap(%ower ransfer cgnpector

t

20 for use AnfEher RPiegtofttReiPressnt invertion 15 4o PINHIs RSV JRIVFY PIFEEHI of a
cover .nenber that is_ dinpensi,on ver.] | [ r gt ' ' unt ed
ER e e e N T L A S
Wt hi @ DK REHAE t1RAGHRY to dip8eE RY® o B BRIgrdtétiCditedit e Fealls bEiRL disposdaf
conductive, spaced-apart capacitor plates disposed therein, the connector
f ur t heroi@Mhe Gp, bettsm pakidesuf tha thtepyatbd cimeitihe capaci tor plates for
contacting conductive traces on the integrated 25 circuit when the cover
menber is afypiitlea obisctof theprsssd inventen e Providea REagrasqrindskage shat dakes up
selectively storin ower e voltage is applied to them and
sel ect!PFEPHCeRse fss ﬁtﬁ)@%n%g?%é‘& ﬁ%’ B%%%ai o ?O&‘Bﬁ{lg gosmﬁ%ev%hdl,ea‘il%e

paci tor .. LM : I : i el ik It her
Fie o1 kol ot i Bl e By B e R L e, e
for panehoGRHY BEliSy Plicldciclae Femang b RallGf Hitiousibeahe heusing furher e 4 ng
socket leading to a reduced termnal count 30 therein and a reduction in
t he myihadalingof @htet palydoned dnom it sirfeeghatefio sihichare termirated)\i3ads 0H8095
PCT/ US02/ 30593 Still another object of the present invention is to provide
a systiategratedl eippit; thewkeleatae pletesgpareiing:ihy imnes oriest Padsrlithe Bousing &9 pr ocessor

d which i t f i ssipati.ng., heat t h
i cr ofBBELBoR FRPPH T LREPOF e Qrrasane TR R R St e se
?d. Otlﬂ)%'éin%meﬁ% aﬁifglﬂg(}]%ﬁ@érrggﬁohaiﬁ ﬂgﬁtgé{ﬁ)a@ thg cRO¥Eboastl i3 ploidR capitgtivoner
el ivery system o e present 1nvention includes a power supply, a voltage

r egul adoRplif® tekdbetvadtdl 16l e BlgnAldreefeR Gotrbthe tntégtatbd eirfudt fothé cidéwithoatd thend/ or
integral capacitors. The voltage regulator nodul e and the decoupling
capaci licusitg fartkerdmuinglab trasteieicaparitoosupeotet thereby tthe¢rpagjésr prodding.a sppply
connector may take the formof a cover, a socket, or a frame that 10
engagedf noweer tcthieiniggigied f8EUido t hat the system delivers power to one or nore

i des of | C..Th i ncl.ud i .
couptes st oxg &l BmprineEt BRoris i S Bp I BIRV AOPNG R p EORRE
95 t hep el koW iAW &2 dohfectdr thising BRabRMof ¥idveRnfeaMHELOE OF a

dimensioned to overlie an integrated circuit mounted on a circuit board, whether or not the

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

30 therein and a reduction in the mounting force required for the integrated circuit.

-11-



PCB trace. The package design system of the present invention permts
signals and/or power to be 15 coupled to one or nore surfaces on the IC
utilizi ngwoomisressons that are outside, flush with, recesadusre/30393i de t he
sem conduct or package. This package design systempreferably permts the
transferregd;gi ﬁ[ﬂ%ﬁol%j?ct REUR piisEAShEtioh ISRURDRUE S systith AndaprakAil dad | ow
frequenci eS W ditfferent ‘types of signal interfaces, such as conductive,
capackdpa¥i@ivelyPoeidby/sow@Ré b @fdroprocesosatidsshion idcomperasdnwins dbmslissipRdgThe
present invention also contenplates a thermal nmanagenent aspect to its
var i oheat genyshtedbyitie mvinirgprocessreauring pieratie.a f an may be attached to the
connector in a manner such that,  the heaﬁiﬁ inkl?.mak s cont afc% with a . heat
gener at i ngThepresert 1pYeniing ageomplshasfhese an @@ peds E&F@"“Pﬁ)‘? s WLHe Wner at ed
% t he Iqi: and the power delivery system including the voltage regul ator
dul BOVE SR Fer ei n. 25 The present invention further may utilize an EM
control sy ivi i iSRCRABNE W sufplshd edlchgeM
radi at ed b?/‘h?ﬁlem{e%&él%eﬁ’ %?{eﬁde%stgégl?gétr%gge%vant ageoug(?y pegpmﬂt'El iné;rEeased
i Nt er GRS MEANS] dnd@iscouptidy cgrcitiroe i thelfoan df disakteesd/at mtegrd cpapekage
volume, and inproved product manufacturing and reliability. These and
ot her Thbjeltigs refwaton mesulerrad fihdesoun)ing cepaciigacenre sehtlocaiRAcH? OANSEP) be

clearly 30 understood through a consideration of the.foll ow tailed
Gescr 1t poafess 7 1o s emasHS TR TROSS 1308k & Seireh MEEtt PPERIEF The
aw ngs | n.the .course ' Il LRL hhR Sekeranae. Wid be
ﬁequgﬁ%e\g?s Ppgﬁ@ & T%nélepga%@lgfc‘ﬁ% %&a%eggﬁﬁ%%%’gﬁ?mﬂ G 81. is a funct ieonal
block sfétélﬂ R iﬁ&luhé'ﬁ shRReskr ARREE thaPboup sERRERIm IRV tbiaaamots circuit,
illustrating the association of° the various systens aspects thereof with an
i Nt egaaed if iticcetningctor bStheiicait doatel cui wigidh Bled€kis dhcatgd avin aicondustasypsiens of
FIG 1; FIG 3 is atable listing alternative |ocations for each of the
syste®@>pasts of FIG 2 and listing alternative connections between the
system aspects; FIGS. .4A, 4B, , 4D and 4E are diagr T@tii, | t he
i nt egr at ed ‘demagkasesesign ggtom fgt%?. ,pr?e]gtﬂﬁv%l!tziofllpfeﬁ%]{sr%%n%isg | n°§|p é{gg%l\ﬁ)g@ evel s
1 Buniag feheorhore ShAHR ) LorRbtioRR that B€ ouBRfek 88 WRE] N
1gqyst eﬁ]og%lg(égc{ %neo?rr{l%ﬂ_ee%pr esegtﬁ{iﬁ%nlvdeﬁ'?l ] ,éOFI G ! S| sal a é)iuagr anmati ¢ v_i ew of
the i ntRYAlREIGdd G istmRbnducte? padiéred EThisIpaskdgatdesign tyseent prefgraidi pgamitesi gn
power and signal connections in accordance with the {)rl nci pl es of the
pr eseftie transferred signals to have different frequencies, such as high and low frequencies with

different types of signal interfaces, such as conductive, capacitive, inductive, optical,
transmission line and wireless.

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

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

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

30 understood through a consideration of the following detailed description.
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invention; 15 FIG 6A is the sane viewas FIG 5, but illustrating high and
| ow frequency signal interfaces coupled to different sides of the IC, FIG
6B i s t hewsasmasiosw as FIG 5, but illustrating pairs of fRaTEWSEKROTYE) and
second (low) frequency signal interfaces which are coupled to the sane

si de gf . dfiFesc L OCPhEDESWbs FIG 7A is the same view as FIG 5, but
il Iust—r‘as%—r'rrg—@@gm‘e'm_ﬁc'ﬂ"s*r—g’h' d second signal type 20 interfaces coupled

to differemnh thd Rgseds thid@eiallb®gesatigtbis iHeauferéncE Wil bé Befnsentlpenlanethe ew as
FIG 5, but illustrating different first and second type of signal

i nt er fastaetredidrgwemgacewbmhpl ed to the sane side of the integrated circuit;
FIGS. 8A, 8B, 8C and 8D are diagra t1¢ cross-sectional views of the

i nt egr at ed FI& 4 dsp funstional ddpck gleaigaip o Fheﬁﬁr?%f“raé?‘?cﬁQ%ﬁlﬁQreng’@}ﬁ’éYeng‘ﬂ]d/ or power

i .| t ed .qut Si flush i LNsi X
o ok Yo AR ilgtR Gyt Mpbdls RGPS RRAEAS, |
i nt egrat ed i 6L b aefe RN airant (W SFUGRELAACHD, i 1] ustrating the

| ocations of the signal and/or power contact on the respective top, bottom
and/ or si degg@B it heabldligigailtethative uations For@Ech bOMe shstEB aspedtsloDBIGI 2 asd r at e
a plan view of the integrated circuit, as shown in 30 FIGS. 8A, 8B, 8C or
8D, arltiEg @lterhativeacdnmgetsing haiween HieaysismaAaspgads; power contacts | ocated on the

-13 WD 03/ 028095 PCT/ US02/ 30 top, side and/or. bottom of 1the, i at ed
circuit repiéseddAf; f'ﬁe‘%aaﬁ‘iz]gémdﬁ&r & ViswS tB%Hﬁ?ﬁr?fSiﬁlécw ?Q%ﬁﬂ%
eferyed i S: - t o [ L Siv&v3hagpammati c
BhE! o1 f Saf " MIGRAAE HEleok PR PATEA. 2 SRR Py, Klplchd thianere
CP““eﬁ%aﬁafc'geﬁieEi'g@sX%ﬁ dsPects G tAGpREMIdven@bBYVat i onal view of the integrated
circuit of Fl G- 11 Tocated in a connector formed as a cover of the
i nt egr at ed EIQ.suk b didgkdmmi@Bview of tith iatppeaterbtiranitelf G| o0dE illismtiog thel§
integrated circuit of FIG 11 located in a connector formed as a socket
that reeckigeatesighaomer egd sigeal cennections inpeeordanpe with the pringplahokine present
el evatjonal view of the integrated circuit of FIG 11 located 10 in a
connecfBFOF: ned as a frame that receives the integrated circuit; FIG 13

15 2 di a0r appRd.Ci o eyatd ARalas YIGW Bl ARGRLIERLRAOR Fahbi k] G 11

pled to "~ a@‘renpte circul oca In a connettor or on a €ircuit board;
FIG  Ltdrdcds Supmaasantirentel®Ryatinenal view of the integrated circuit of

FIG 13 that is coupled together in a stacked arrangenent;
FIG. 6B is the same view as FIG. 5, but illustrating pairs of first (high) and second (low)
frequency signal interfaces which are coupled to the same side of the integrated circuit;
FIG. 7A is the same view as FIG. 5, but illustrating different first and second signal type
20 interfaces coupled to different sides of the integrated circuit;
FIG. 7B is the same view as FIG. 5, but illustrating different first and second type of
signal interfaces interface coupled to the same side of the integrated circuit;
FIGS. 8A, 8B, 8C and 8D are diagrammatic cross-sectional views of the integrated
circuit of FIGS. 4C and 5, illustrating the signal and/or power connections located outside, flush
25 with, recessed or inside the semiconductor package;
FIGS. 9A, 9B and 9C are diagrammatic views of the integrated circuit, as shown in
FIGS. 5 and 8A-8D, illustrating the locations of the signal and/or power contact on the
respective top, bottom and/or sides of the integrated circuit;

FIGS. 10A, 10B and 10C illustrate a plan view of the integrated circuit, as shown in
30 FIGS. 8A, 8B, 8C or 8D, and FIG. 5, having signal contacts and/or power contacts located on the
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15 FIG 15 is a diagrammtic el evational view of the integrated circuit and
renmote circuit of FIGS 13 or 14, with each such circuit including a

vol t age reguizakemsnodul e and decoupling capacitance | ocatreEd/isv2/30593
connector; FIG 16 is a diagrammtic elevational view of the integrated

6‘0{ f ;E’oéo F@gaﬁimﬁ&to fﬁeﬁn%&ratégc%u%ﬁp%se%ttag e g&kg 8&he s%lﬂeﬁl fancl uding a

e an ecou cap C|tance 17 is a
di agr %M&e{n%e At URE bﬁf@tfed\@n%dﬁﬁer&@@fth@pﬁgérﬁﬁm@nﬁm cuit and rem)t e circuit
of FI'GS 13 or 14, with each circuit including a voltage regul ator nodul e
and decouplFIGgl1 saphmgramnmac elevaticndl vinwaf theriptegratesbeireyit Oﬁfﬂg S#d lgcajed
di agrammatic el evational view of the integrated circuit and renote circuit
of 2%nEFc@®etB0r 14, with each ci rcuit including a voltage regul ator

nodul e Iocat é(%zgsaq onduct ??r?ald%gf\?;{ﬁl ﬁQ@&r&?P@It}??ffo%gtehn a

donnect or ; View 0 egrated
circuit and r 4, vmth each circuit including a
vol taé% F% t%??cgr?ne S%Leébjli’%réqafﬂéé;ﬁ%%gdcﬁfrcgﬁlt board and a decoupling
capaci t a”CEFIGOP@ 2ch didg@AnteARetdvationaBdie dBtheDitdgsated diradi efHiGt 1 clocated

el evational view of the integrated circuit of FIG 11 conbined wth a

t her mih areRRgRIENimad asbekt totrpgnives te inegrated ciA®s (EM ) control system
-14 WD 03/028095 PCT/ US02/ 30593 FIG 21 i (&s} a. Cross- sect{eo%e}{:' W,[mz1 a
Level Two J8fi Eniedisgrapueatisglevational vieet ofdhe itegraipd GLeke h ga ©

rinci, Ies of t rese n tion sem conduct or die and
pacit |a\98n%eﬂ§é?%ﬁﬂgﬁﬁ‘aﬁ rﬁ?ﬂ%‘f%ﬁ@ Celwsvvﬂé e atgfgé%aﬁ ed to the side of the
IC FIG 2?1 19;5903{ (‘ﬁﬁgragﬁ?] Cfg%@aﬂéfﬁa@%e@zfoﬁh&ﬁﬂé’g&a@d‘@n@.ﬁﬂﬂﬂﬂ@dyp&(ﬁfpl@ﬂ@kage

constructe acc principles of the present invention
Wi th g fehioRP@Ruit 968 £iiE UWCdonhedidbreorand cirdtiit boadng a capacitive type signal
interface and power supplied to the side of the integrated circuit; FIG
23 is a cr 96 $4ita diaglammaio eévatipesl vevwpeidhagcasttedpigeuibal KiG: 3 HehBat sink
menber attached thereto; 10 FIG 24 is a cross-sectional view of a Level
Two s@ﬂ@bd@ﬁ?i@%&é‘l@ﬂﬁé AFRECBFtupri ght  seni conductor die, capacitive

pe of si gnal L0t enface aad ST RAVRL: 54AP ki Eabl SMifigd ShRvRlchR ol the

ckage; sectional view o

sem ¢ qfig}g:{ﬂgr PRGHRAE R budhNgrouR IR g 4 PU8BE 'régﬂlla%ﬂrho@ﬂé hlhd)mduphng

sem conduc ie, capacitive type of signal interface and power
capacitance located in a connector;

FIG. 16 is a diagrammatic elevational view of the integrated circuit and remote circuit of
FIGS 13 or 14, with each circuit including a voltage regulator module and a decoupling

20 capacitance;

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

capacitance located on a circuit board,;

FIG. 18 is a diagrammatic elevational view of the integrated circuit and remote circuit of
25 FIGS 13 or 14, with each circuit including a voltage regulator module located on a conductor
and a decoupling capacitance located in a connector;
FIG. 19 is a diagrammatic elevational view of the integrated circuit and remote circuit of
FIGS 13 or 14, with each circuit including a voltage regulator module located on a circuit board
and a decoupling capacitance located in a connector;
30 FIG. 20 is a diagrammatic elevational view of the integrated circuit of FIG. 11combined

with a thermal management and electromagnetic interference (EMI) control system;
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15 contacts on the top of the package; FIG 26 is a cross-sectional view of
a Level One sem conductor package with a flipped sem conductor die,
capaci ti veeaosmesws signal interface and power contacts on HdT@US00p0O8 t he
integrated circuit; FIG 27 is a cross-sectional view of the integrated

circuit of FIG 2126.a ctedstse@ibrayviewoPahriel B0 spmibssduRlor bhdags tiRRnttSd et h a
decoupl i ng capacitance and heat sink, simlar to that shown in FIGS 12B

and 19acrdance@ithshepeniglpeof the preseswnvshitiom Wil asgeight yemincmiupor dic ang
systens of the present inventjon, that is forned as a |level two
seni coftRAcItyE bstansbntenface oith Rowersypplisd;te the e of the I€or ned as a cover and

s on ool 0BG TR s RGO Pk T 20AT S R R BB ipilota B 27
CI50S S - $8kd BPAMyithi BN Picip RS oS ?_fé@éﬁff ilgfe_nﬁz&gwljtﬁghﬂig nfieRafctbi 1€ 3n$0- 30

thereof; FIG 31 is a cross-sectional view o ternate system assenbly
const r utilififlg b BapagitbeRItgessignalintbrfideand power ibpledio theid@bLme itedrive@nt i on; 30
FIG 32 is a perspective assenbly view of another enbodi nent of a power

del i veeycuthrenber of the present invention, taken fromthe underside and
illustratin alternate peaps of _ -15 WO 03/028095 PCT/ US02/ 30593

suppl yi ng pg@&%% OSSR BV L Fll‘fclaﬂaék%g‘?é’rfgé@: 21\ith @ bepesinkanemgberyr ned
as a lﬁt\ffc H}gretg.em' conduct or package as shown in FIG 4C, FIG 33 is ais
a perspectrve viéw of another system assenbly cover used with a |l evel two

s@m conduct @1G PRCK A%oss ReMbnaNvikw 6f a4 Evelafb LavbadiuRdr BXKaENH th aﬁﬁgﬁgﬁ@f
connecting to a 5 power supply; FIG 34 is a perspective view of a

al t er nadgreicemhotbir i) capelcitivesysd efivignabiatdpfaye aid Witk pgwar supphetfrérathgpower
delivery structure of the present invention in place upon a chip package
and ha¥pvalleofifbanackegs; communicating with a heat sink; FIG 35 is a

sectional vi taken along.lipes 34-3 f FIG 34; 10 FIG 36 is

per spect i vei:ﬁ)fl'\'/ 1S AERERSPYEIY Y}Swlf?ﬁa@ilgiﬁaﬁ?l T80 seigendueton pes égﬁ)‘bf&ﬁ?rent of a
capaci d . . i | . . r n

Capach bRk GitaSHob e RNy ] R SR R0l A BIG BBl

kG 380ﬂt§ct§&€th%&6§oﬂh@gdaa§ag&| G 36, but taken froma different angle and

with its housng renoved for clarity;

FIG. 26 1s a cross-sectional view of a Level One semiconductor package with a flipped
semiconductor die, capacitive type of signal interface and power contacts on the top of the
integrated circuit;

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

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

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

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

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

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

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

member of the present invention, taken from the underside and illustrating an alternate means of
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15 FIG 38 is a sectional view of the capacitor structure of FIG 37, taken
along lines 38-38 thereof; FIG 39 is a partial end view of another

enbodi menwoof3/asmwapaci t or structure constructed in accor dameescsede3t he
princi ples of the present invention and having staggered power |eads

exten ;gﬁyﬁégﬁﬁé{ tggﬁ%%a&a%oﬁsué&%ﬁh%oﬁ Whgfegcﬁgl@%f RRAEL h/L1ed8lRL! Vi ew of a

cor ner powér dellvery structure constructed in

accorg@ﬁg@nm&g}ﬂaa&g%g Biedwil SFIOf. 4Che present invention and illustrating
the use of nore than two capacitor plates; FIG 41 is a perspective view of

a power delFI@e3yismesbperspéctivheigw efamothe systent assemblymonteesedinithi aleveliwasi ng
mounted to an IC, with the housing shown transparent fotr clarity; 25 FIG
42 i s semicendnoioraviclme shews Bek 16 (o pnd-hayings gn extergal mganssion conpeetiiedPiave vi ew
f a connector structure constructed in accordnace with the principles of
he pPRYERT"PPRvention; FIG 44 is an expl oded view of an alternate power

del i very sysgem &%}%&Jp\%ﬁﬁ%w of B Ql‘l?érﬂ@c? efbYdikdint HE Ws{eﬁpadgérﬁglg%ftﬂi&ﬁga

present invention ich utilirze a plurality of di'screte power

capacichicos rdeRverWistriidtireao SR Sresat tnraiitionup plct apbi e chif, packiaze Wl
03/ 028095 PCT/ US02/ 30593 FIG 45 is the same view as FIG 44, but with the
conpoiening aasseriidredmnogetaiog vath aheatsivkui t board; FIG 46 is a sectional

view of the assenbly of FIG 45 taken alqn Ii%g(si 46-46 thereof; FIG 47
is a perspdd6i 3pisa eiignal view takaeaong lings 3434 ofA8GATh a heat sink nenber in

P20 UPc R RSB M i SELPURS BB AL 01 2

screte capacitor used

thereig, ac'ftb%tru%?uré E%é_’i‘l 413%% %W&ldeﬁbﬁ%g’ sgs{terﬁi‘@f RO PRAGH HiveAGSE B Wselfl fol G 47

t aken Ca}lr)ong I nes er eof ; G 50 is an enlarged detail view of

the C%ﬁﬁ%gi@fdiff&%taswmmvwrtdFlnG[C;45, illustrating a mneans for retaining
the assenbly in place; FIG 51 is an enl arged detail view of an alternate

const ruct | diGoB7 & thosdat vicwrasddGodo, bubtaken fiemediffereatangleianicwitiyits Rousng
principles of the present invention illustrating the use of wire contacts
that demexed foB6RHY he | C and discrete capacitors; 15 FIG 52 is a

PSe rspect| VeFIH. ggvisog setcﬁgna(i prewa&; Bt cgpsaéﬁmlt%ctﬂfe SHtG. 5'}',;taken along lines 38-38

thereof;,

FIG. 39 is a partial end view of another embodiment of a capacitor structure constructed
in accordance with the principles of the present invention and having staggered power leads
extending therefrom;

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

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

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

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

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

30 power capacitors supported within a housing that supports the IC;
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FIG 53 is an enlarged detail sectional view of interior area "A" the

connector assenbly of FIG 52; FIG 54 is a detail ed expl oded view of a
porti on oWwads@ewanect or assenbly of FIG 52, illustrati mgwbse2posasenent
of a discrete capacitor therewith; 20 FIG 55 is a perspective view of a

carrier st E@})SA@C{Q{}%‘S ! ggnéxf A8 %t Ge FONPSTR ass@RReIRIkihef ok A G 52

FIGS. 56 a are “undersi de perspective vie of the cover nenber used in
the sysk@fprd;! lustrated in FIG 30; and, FIG 58 is an enlarged detail
view of an alternative manner of nmounting a discrete 25 capacitor in a
connect or FIG.t46as prsedientl view efithiemsseniddy af FEtl 40dalomi ahangdinesfofgdheee er r ed
Enbodi nents The present invention is directed to an inpraved wer delivery
syst em 12, FEG AT alperspeciivsviaw i /be apsembly of %Qcﬁ%@’ét%abﬁ“]gwg&ﬁ Y6, a

t herma] nanag t stem 18, and an EM control system 20 for an IC 22.
Pr es eRlECHARPTH gﬁ@laﬁ‘igﬁ vancements in seni conductor 30 technol ogy have

and will p u I 1 , fastirktrsd

Tates, - 150 b 3uaREE ReR TS PERBRERART Uk ani Al ORK B HEE A Rk

vol t agRsreidUa9h&for BéedGHédeBRt S, hi gher transient currents, narrower voltage
mar gi ns, hi gh non-uni form heat densities, and increased frequency EM

eni ssi ons. FIGMS islaaestionehebwtof thecanheser asshrably oFEHE.<7i takgn aleng lines 49-49

m croprocessors that have increased interconnect densities and inproved
pr odudltergpdnuf act urability and reliability. Sem conductor 5 manufacturers

antici pate al _near future mcroprQcessor I i egitide: 1.0V or
I0ess opergﬁgnéo \?&Pteaij e%f%@? Vd?w&f géetcg}s—neééﬁrhé%%%ﬁ%%oﬁis%é%b@m %@tﬂ &
transien rLel T | ator efficiency greater than 90% voltage
regul gﬁa%sn?o\l}l\/ir%tﬁﬂn@ﬁ%{ggrsgﬁlgglsl,npg%g"vol tage ripple less than 1 % These

r equi r eNeNtEsGPS ERGRlenRrSddaidtdil viawtof an vhaastaeaistiocton af eseket conpet@pr ocessor
desi gns, and m croprocessors having these characteristics, as will_ future
10 packagiuotedii btcondamde watly the prpeiplesyithe presens invsoten 1Lsirating the uss fvare
transfer, packagi nq, thermal managenent., and EM control. The present

i nventcpoiacts shajicortae é’ﬁﬂ’tf@eilgﬁp‘éwﬁ'@?ﬁ%apﬁ%@r%hese systens and others, all of

ich wll neficiall u t ) rsit echnol ogy. FIGS. 1
]\tlgno 20 gener@&t gi fslq}ffﬁp%gﬁ‘éeo\glg‘g %@%@?@géegﬁﬂg?gﬁ%rstlfcul arly illustrate,
the powver el by &I sYsh&iaclal sdchbnad vaRabf inferlbsires “AY teampnidstort dsenidgkage
design system 16, the 15 thermal nmanagenent system 18, and the EM control

syster29Gfer, the 1C 22, all in the different enbodinents of the present

invention which are illustrated therein. FIG1 illustrates f‘ gfeﬁqgr%
FIG. 54 is a detailed exploded view of a portion of the connector assembly o .52,

illustrating the placement of a discrete capacitor therewith;
20 FIG.551sa perspecti&e view of a carrier strip containing leads used in the connector
assembly of FIG. 52;
FIGS. 56 and 57 are underside perspective views of the cover member used in the
systems illustrated in FIG. 30; and,
FIG. 58 is an enlarged detail view of an alternative manner of mounting a discrete

25 capacitor in a connector fo the present invention.

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

transfer system 14, a package design system 16, a thermal management system 18, and an EMI
control system 20 for an IC 22. Present and anticipated advancements in semiconductor

30 technology have and will produce ICs, such as microprocessors, that have faster clock rates,
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bl ock di agram of an el ectronic device or system 10 that includes a power
delivery system 12, a signal transfer system 14, a package design system
16, a t hewwonds/zsmagenent system 18, and an EM control syitewso28o$sr an | C

22. FIG 2 illustrates a nore detailed bl ock diagram 32 of the 20 power

del i ver transter Qﬁ LB darrotddch

expl aﬁ"f%‘éli}?ﬂa er,?]lé)wg{ f%ﬁ’bﬁ ?}%g %gg%lé%ﬁ%%be hﬁ% éfr OV\,gfI?J é%eﬁsery Syst em 12,
the si %@fgg ﬁbﬁ% LR bR dendithg, mqh@g@ed%qwncymmmﬁoﬁ@r the IC
22. FI Ie 56 that lists alternative |ocations for each of the

syste Mnbimgkseneﬁtsus thieat @dvanceméitGincRideasicnptdcessorsahitdamainsraasnhect i ons
bet ween anong the system bl ocks. FIGS. 4-10 25 illustrate, various

packagitegouiest densitigs padimprevedprodmg m@uﬁ@tur%htéfr@adﬁeha:bllwéem@oeduomf&s 11
and 12A, 12B and 12C il lustrate the integrated. ch uh sd\?oressn FIG 5,
Bei ngMageRcEwers guripats Hiak Reas LUNEOMICGAGessoRy tRicaly st r%ﬂuérgcl or a frane,

or | ocat eagg n%l%gg’oindg) g e£t élﬁ‘regg%gg Aé[ﬁ (B} et tﬁﬁgeﬁ'ﬁ: Hts S¥dyagt 26

and/ ofP P8 orne conductor 116 an as a PCB

trace, tor éf@ené"ﬁg@ﬂgr ﬁ‘ﬁn b SloltagErebittati e WaRgGeIve of Esgfanﬂ kreltalgE ipple as
shown i FIG 30 117 coupled to a renofe circuit 52 located in a connector

140 ofespfhan 1P6BThdsé recﬁilﬁenfs‘i}réﬁnt a sipnisicard advaneempit 02/2f méﬁnﬁ he RC 52, as
shown in FIGS. 13 and 14, having a voltage regul at or J]g WD 03/ 028095
PCT/ USGi2iopessssor dergnseansiipiororyoecssais heving thesex aé?&&%lSB%ﬁa AYMIOESYED i n one of

th tor 112 th duct or 116, the P
\Soroi RAEkGHne wols Rowisepartyo ey apee deier ST oitter ol lpal |

havi n m)redtal nt TR e vk
eni ssi o %IBPR sysft' trﬂ@gf@%gm |ﬁ&g}%@m§%§&@ gi}ﬁglﬁ% 2% illustrate

packaged@s il of¥al SIsf &ﬁmh%ﬂl%eh&f&ndl@ s&@p&t&a’dvagc@tﬂmﬁccmdnctanteshﬂoh%’t ed on
the side of the IC22. FIG 23 illustrates an assenbly of the system 10

usi ng the IT0GR2] t@20 ghoenallyi itlufira@ aRFIGS. 8bto 2811110@36 wlﬁﬂﬂ@% tﬂ“ﬁ‘i’f@e phekage

design systens 16 for the |C 22 havi ng@gg}ﬁﬁ{l [of0) S Ioc the top
of t hepomer dolivery eysteny 12, the sighplifapsicnpys P a%% |ng t he

| C 22, hown in FIG 2 Fl r sentY

A ews tg?rrqaiglagg,%eg%t LeT %Smd% gﬁlﬁ ngtr Stgl#lr at ef @%gc\cﬁghalggftgrealm Yo
formed, 1?& Bthei)'fes@nﬁﬂVéﬁmn%ﬁélﬂﬁe tilhﬁtrgt%& QHpéih NPIG ARAGI bR agedal f or med
as an in egra capacl tor GS. to 44 illustrate various enbodi nents of

the de&@&@&mgﬁnﬁﬁm GlldohdaR dRice of eysteml 1@ thaamcludee g paiverdghiveiytsystemcids o ed by
a separate or integral connector 112, fornmed as a cover, a sockgw
f r ane. siglaGBanster dysteB0L4, Ialpasltagatdéslglaﬁyséﬁm1@@Hbmma§agﬂm€tnﬁéysé@& p'%”g

42, f d
ggﬁﬁgtﬁ:ﬁ?%&w ALY fags f62b. BifE 2 iisteisat R Al Riosk Bidar B 2200 M0k o
% G power & xef\esrﬁ,nstigsna ﬁg&nqlpagﬁa%@dgglg@%s%&%ffﬂ@ €, WRikh 6€p1dds Rt

relationship among and between the power delivery system 12, the signal transfer system 14 and

the package design system 16 for the IC 22.
FIG. 3 is a table 56 that lists alternative locations for each of the system blocks illustrated
in FIG. 2, as well as alternate connections between and among the system blocks. FIGS. 4-10
25 illustrate various packaging design systems 16 for the IC 22, as shown in FIGS. 1-3. FIGS. 11
and 12A, 12B and 12C illustrate the integrated circuit, as shown in FIG. 5, being located in a
connector 112, formed as a cover, a socket, or a frame, or located on a printed circuit board
(PCB) 114 and having signal 26 and/or power 24 connections formed as a conductor 116 and/or
as a PCB trace 118. FIGS. 13 and 14 illustrate two arrangements of the IC 22, as shown in FIG.
30 11, coupled to a remote circuit 52 located in a connector 140 or on a PCB 114. FIGS. 15-19
illustrate the IC 22 and the RC 52, as shown in FIGS. 13 and 14, having a voltage regulator 38
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i ncludes a power delivery system 12, a signal transfer system 14, a package
desi gn system 16, a thernmal nmanagenent system 18 and an EM control system
20 for anwio®3228093he present invention finds its greatestrarudoeysBn use
with ICs in the formof mcroprocessors that are used in 20 the field of

conput @hg dedtublihd caphbitard® 4236k séiﬁg ﬁocraf&ﬁtin bhcSofthe BEinRL®S 1 8N InIhd UidHESr May

be applied to other 1Cs used in ofther applications. The power delivery

syst eml18, gromvthe BEBdveor dny cohbidafion Zreofh FI@. 2hidlustiagesathe I€ apsdsahosy &t em 14
transfers signals to and fromthe IC 22. The packal%e desi gn system
concer h$Gt hb Teyns mage detais ofthe Herpalarerjeement shgemsi BpndriheyBME lentission] C 22 may

oper at OIS EB Y THE ETen  ER-Porhd gL Fliiiat BarErce dowRn sysfans L 1o
t guar d gidies i@h%ﬁ}%&%ﬂ%ﬂﬁ%ﬁ?@&h‘éﬁdﬁh@ Yat St gc!zé. FRPLL il @arbdhy dsSerfitty O

way OT a power C ection at prefer i ncludes power an

gr ound o€ gHERG BRI 19 siR{ ths NO'RD) as shEGN ROVRE, 21C PGS C24 D2 ubtkdtsSidkatEdhsigh
FIGS. 1 & and is preferably a bi-directional connection tha represents

power kestergs 16 firde ¥4 2hhahes powercodikis\eraedopshe topldt the KE 22 Bwe7 path to
the 1C .30 22, and al so represents a ground path being routed fromthe IC 22

to t heilisitates gapssgmply ofithe sypten 20 using thadCR evsimya ip 2FKi5588 to Fhe

[ | . fer. t 14.i I to. t 22 . f i I
connec iR Se o SREMRY Vit TOECbRErbrobfs. SognarY ilfeGond nittePniiz
Sipgnal $orfR¥ 26 sHQ 6Fa emaqla%i%h@deo%@ﬁ@ &g&’cﬂm&é AP 'fsnﬁedgda%émg@m be
rout ed over separate paths or 't pl exed over one dr nore paths. The

si gnal camueitec tFIGS. 24144 DlukiBatp vefi@isaiMbodindiits 6l the aédoaphhg epaciets o7) t hat
represents 5 signals routed fromthe I1C 22 along the signal transfer system

14, andormiegraalas mtegrekaphcitom caheed by gsephrate arristegral sysieetor 112, famtddes hC 22.
The signal s tygi cally include data,. and/or contrql _ information. The

packagEO¥Est Hiekeh@dmme FIGS: ¢piie &l illpsirap dpaans embogdinpenteotthe derpuplieg udes

the c tructign:.of the | 241 nner. 1o. K.wth the rious

af or errgg aicg%gcg 42ny° eﬁéaglﬂu ET ?dlsirﬁ%fgg%fﬁ rs?‘ffm%@éy f*’ﬁ&?ﬁ%“r“%&ﬁg HBEd 2% st em
18 i s ppefes ahky $auplsd, or attached, directly to the I1C 22 in. opposition
to a heat-generating surface thereof and preferably over a heat connection
28, whi ch r Refedenbackeao FaGhl fibprebendd a blockndiaddam dfeateltonialevies 18%hahows a
bi -directional connection to represent heat dissipated away fromthe |IC 22
t o t hendhedergipowehddjwepntystepstbmsigs] transér systena Jdes pankage destanciystag 16 pect ed

e B Bl AT S el T
syste c n § T - r
connect| Ao fiﬁc?ﬁ'iseg?geﬂ%sst iRt FithFM i3 [dfo Ml GROAEESS Bkt 29 SOLPYS 2

bi -di recti ona
20 the field of computers, but it will be understood that its principles and structure may be applied

to other ICs used in other applications. The power delivery system 12 provides power to the IC

22, while the signal transfer system 14 transfers signals to and from the IC 22. The package

design system concerns the construction of the package, or housing in which the IC 22 may be

held, while the thermal management system 18 cools the IC 22 during operation thereof and the
25 EMI control system 20 blocks EMI from or toward the IC 22.

The power delivery system 12 is coupled to the IC 22 by way of a power connection 24,
that preferably includes both power and ground components (not shown). The power
connection 24 illustrated in FIGS. 1 &2 and is preferably a bi-directional connection that
represents power being routed from the power delivery system 12 pver a power path to the IC

30 22, and also represents a ground path being routed from the IC 22 to the power delivery system
12.
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connection to represent EM 30 generated and radiated by the IC 22, and
that radiated towards the |1C 22 by other circuits. The IC 22 includes a
sem conduwtoon3/odgngs ce havi ng one or nore of the characteri HdwES021R06593 20
requi renents, described above, to support the advanced sem conduct or

Lechnol 0ayry Mg Cafdtol Rpiohl B RaM @ B EEDLISRISA idhl clbiohons, be any

ot her type cessor, as a digi si gnal processor (DSP)

or apRhick didyaRcIa@E6hd bimbresBARBS Kl sEitatslhdle 6ibhEmay Aetroutadtlonglsingld n
appropriate-applications, the I'C 22 may be another type, such as a nenory
devi ggathsar@antiltipld $gnalemay barsixidtdver seperate patisedrveuliiplegedroner eneex mer c
device or system 10 of FIG 1 represents any t_yp?gof el.ectrjcal and/or

me ¢ hapatios | Theysigrasonreation 2ealpmisayelatably &birdipctianal gppnectian QYesrds

t el i cat i devi d tens., T

o i e B bl e B R AR RS TRL R Y
gg{j{’géégﬁag Faﬂ%@gﬁ@m i ¢y ﬁaékg gg? HE ewi%ﬁlis ? tcaﬁu%némd%edatar hgd/ot &R&PMTUNI cat i on

ens my 1 Nnc e co I ons systens, satellite systens,
30 m growavensystens, | and-based tel ephone switching systens, internet
systens, and wireless telephone systens as well as Internet systens such
as ser ver sThagadkage design sysennidis dydicalnvinberent to e IGG208Wiopdpdss the
PCT/ US02/ 30593 and systens include diagnhostjc, analytic and treatgent
devi cemnstmetianefitherEC aé@n ¢ menngrige wogly witgfthe yagiogsa &W‘}é’é@nﬁgi?/stﬁ‘ns rf%’ot be

ble. " | e" devi i,cal | i:
Ravi n® Baherhatirparegenemorah 16aC piolsh Sl il B ARRRLE dffenf BApRT T ¢
per | Ofti% ﬁglﬁg{l E(P]%orsﬁpdnecgiaye% - enciafi g%&&@h&eﬁ%ﬁh%ﬁeﬁﬁ@‘@v@f 4 B&k cenlettri  ( DC)

power power ery system 12 by way of "a rechargeabl e or

non- r 6 KakigR 8dr&seBis dpanefor Sedaloy. THedwht aminectibe\i8shews hai-daedionsl port abl e
are those that have a fixed power delivery system that draws power to the
pover cotglettiet o repsbernhea dissipared aiway frost thel ICi2ra thatherapl maRpeaey sYS'Sh an

Dec08s, armido royresent He R potd ton Brdgamal gt RRIELs g TcRRl®! ¢ 5,

draw A . 10 FI i s detai | : : img th
o or” o TR cosfi S5t 29 oot o B 1O A of R B e2ion 30.ThE BMING T 1E
the | r%%‘ctig]g?%'?%ﬁ\@sreng%wamo)’ EAYSIE ML RN Sode5onR0 POWeh bsdipttjondl, a

connectt on et'ween the power supply and the voltage regul ator nodul e, a

vol t aggnkRath & RprdtesiiMI SBgerraanagiatiiandy thel(hedand Het vadiatedovwaedihat or
nodul e and a decoupling capacitance 42, a connection 44 fromthe
decoupCinagdycathaviitcariee to the |1 C, and, if 15 desired, a connection 54

bet ween the vol t age regul at or npdul

system 14 FhellGesngludespieanieqndugior S@g‘r’] : ﬁ% %’gr?ﬁ -érl{:lot%? §¥1§1g 3{1%%??\%%%@ ira{ld and

the ! cr:’quMIrLe%tsE Hgscribed above, to support the advanced semiconductor technology. The IC 22 1s
preferably a microprocessor, but may also be any other type of signal processor, such as a digital
signal processor (DSP) or application specific integrated circuit (ASIC). Alternatively, in
appropriate applications, the IC 22 may be another type, such as a memory device, a controller, a
transmitter or a receiver.

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

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

telephone systems as well as Internet systems such as servers and routers. The medical devices
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package design system 16 preferably includes an | C power connection 46 and
an | C signal connection 48. In operation, the power supply 34 may generate
a rel ati velop3mesmwse regul ated DC power at 20 the power caaTacloeBes936. The
vol tage regul ator nodul e 38 converts this coarse DC power to a relatively

fine El?%gésg%%dipgﬁ[dﬁ g%oﬁgvﬁﬁ%ﬁ%%aﬁ&%t BONESs 260 SR8Ghd &1H 1A LiRBDAlraENSM t'S

it as cou capaclitance 42, whith 42 stores a

pr edeREHSEsAARHEL mY ndtHeportalsig Uk BémbldWcpiReeire didcallydhiogasfeied toid he | C

al ong the power connection 44 to its power connection, or input 46.

Al t er tistdrvad havidghepwodridaliecry sgui¢mttiat isteopbmrBandrelyick mperdsyio baperedjcalbit ed 25

DC power directly to the |IC power connection 46 of the |C vm'tgjgtjt usi ng the
decoupinlensheda Saeh partehle deviceseaw diregt guaent (B eV Fichom dhe PO FeiLeng

i i I f i h i it 52 vi h
S anaP SeRHecs o S RrreEiasa R R rary S AP B cch o the pover
connect i onsgl%@rr?aﬁgdetv{%%s ﬁaﬂéﬁ%oﬁﬁ@m@e ar iRk HBF hhRNAixddDIWRP LEHRRY speuer and

ground ext éndi et ween adj ace system bl ocks. The 30 power connection 24

in Fl Gat Jrdvs fdvRerIa iR pasvek b@m@y%rsteem DD ECthe Gmddk alterdatify c@eredtikE)ioe art he
signal connection 50 shows a bi-directional connection to represent signals
bei ng A®pbeer dutlein UnellytiRbe IEVios) ©2860 theRTT puseto 3G pgwey ipcagsetthe 182 r envt e
circuit 52, and to_represent signals, bei gpa;egzt ed frogci he renmote circuit

52 t o drareDC@oyer. Howgedcin 981 aRBBeAtoRs.1the PendeeY 0GBV gnal
onnecti on . ~Sm,l.arl t he si .CO f.l 1N, FE [ Porl same
s the Isi grfi& %6%1%%@%%%6@?%%%%%1%“?1gﬁ% \/?/eg\;rzar églﬁ)\i)e?%'/ 5 all %a%?%f %ir%iabl y
| ocat S)QC e%e%%ﬁ@%sﬁerhé) AR 16 Rorithe1€heC Th@g@)\ﬁeﬂiﬁlﬂ/&g sQftemS 2S5HEL@EW a0, as
ted™ 1 n u A, G 3.

i ndic Row 2 of the table 56 i The renote | ocation

in Fl
My  BewaiYuppde 34, Dddnhédionids tetideahepdwerdapply end heweltagoreghlatos nestitagni
device or system 10. Hence, if the electronic device or system 10 has a
housi ngltagsusigustarenastula He alcokrection 40 between depplipsaiegulstor masla a9 4 nsi de or

tside thereof. Preferably, th ly 34 will. b d_inside th
nousi ﬁ;?@ﬁﬁﬁ&%%%%‘{zgagl R %fﬁﬁéﬁﬁéﬂgﬁeﬁ%&%pmnf%lﬂ@?’t@%‘#@r Bfa 1
R G R i R

any t ypeoRf 1481ees 4 RatotdERGARSOMANAMRNedtdE S0MbeiteRitdartadIY, widtauer t s
power tn the formof alternating current (AC) to power in the form of

di r ectpagkigeatebign R6mab posfermbhrigclufies andikepoven nometiiond@end Sulkhsig@lt o DC
power conversion Is typical in non- portable el ectronic devices, as
descr idosdeciloovi8. Al ternatively, the power supply 34 may generate 15 the DC

ke, The: Boeristie pouts BREbeHaBRY Eesbils A raeReRE e Regpic e 1 1°
5§ at 'HE lpgwgro c%rn%gct{o%%l. aIth%QIolltgé/eexlegﬁﬁtor module 38 converts this coarse DC power to a

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

&

needed to the decoupling capacitance 42, which 42 stores a predetermined amount of this
regulated DC power and provides it to the IC along the power connection 44 to its power
connection, or input 46. Alternatively, the voltage regulator module 38 may supply the regulated
25 DC power directly to the IC power connection 46 of the IC without using the decoupling
capacitance 42. The IC signal connection 48 transmits and receives signals to and from,
respectively, the remote circuit 52 via the signal connection 50.
In the power delivery system 12, each of the power connections 36, 40, 44 and 54 show a
bi-directional to represent power and ground extending between adjacent system blocks. The
30 power connection 24 in FIG. 1 is the same as the power connection 44 in FIG. 2. Likewise, the

signal connection 50 shows a bi-directional connection to represent signals being routed from the
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m nimze the cost and conplexity of the power supply 34. The power supply
34 will typically generate the DC power at a relatively high voltage and
rel ativel wd @w2g9sr ent at the power connection 36, as is kuawsoznodbe art
of power supplies 20 However, the IC 22 may require DC power of relatively

L?‘é"f ‘ég&r 23‘ % F%O’}gm%f‘é Achif ?b%’;ﬁm td 'i’%lﬁe«!eh’?ﬂ als D RuRidSrom BfefioRtitittNqo

Iments o e present 1 hvention, special consideration 1is

gi VeniHeaOMIE e dEREbEXaRMaRviticefy&ics it®thelsigmal dvingéctionl 26a Gemilmdy, ltwsignalr ent t o
| ow vol tage and high current is nade, as well as the |ocation and type of

t he powsrectom®é it Fighd if the saine ahithyrsigmll cenpectidnoW indilGeAt DC power and for
the | ow vol tage, high current DC power, 25 The h‘i@gig vol.tage, |low current DC
power advariigHewessupphetis pictaibrlosaiedd argmptedogiiop B’(‘?\ﬁg‘?"“@% & 8hs,

h ire or. a cirouit bpagd . .
361 ac oty 10f fghfiaBelit Coivand 50w i ebB3s Rk Bt pibR TolioRmay (o
cost gf LR RRURhabRRRRMIE A\ Reliver RARE 16 ARANEELN d@?{b@ bt &JsfeniBy, HBAdLTE

nmetal s, conductive 1 nks and the |'ike. The design of the traces on a

Ci r cuite dleafghid daice @ iRtEdd Opave hotsingeatlonns opdhklikbythe pawbysugplyanay be t he
nost 30 anount of the conductive plating on the circuit board. The

t hi ckhesteddfisiiter eusidetheiopd Breferably, ba powpesupplydi willkhedpeptedingide thene
across the entire circuit board _becayse.it is ngt goﬂ: effectivelté)4.-22 WO
03/ 02BEUSPEN WSEPIFSEOTUCTUE Sbgh A PSP IREE PRFnd BRBANELSIBPLY s

t hi cknesses of. ating o ] r

]é)ssoc' %c[agegi %?%lﬂgge?igﬂlg?g’g%%#%%é\%ﬁ@%ﬁﬁé@@?%%@%%ﬁg %gtsSR%ﬁf\%e up the
cost qf, §iﬁ{§. lg'ierp%'v‘)e{‘ sIPRF 1 isFAY tAsTefice BAC QI4RAES Hwe GRD Yhidblpréfent®ly S
typi cal Py sed to carry "high voltage, |ow current DC power fromthe power
suppl yoRverts\owwver rethe faaest ateriatiag cirrenti(ACH tapaiveron teer foun of Biredt eutrentcal

conmponents nounted on the circuit board. In contrast, if the power supply
34 wel®Q) et ovalopgithepowerenmmgefion 3i. gHch dyG EnPCpoWer ConvEESIOT I8 YPIGRl iR B 0f t he

same pl atjng woul d be needed on . the circuif hoard to carry ,hat

Ao oGP B RO R ShioHEREbaNe: ALSHBHYED. (e eher ep i b S e
vi ng, f t [ { (Yo ls T & / : ive.

bod SR U e B i U L A T S

descr ?@%x bitbplyt 84 Brlrahbly Reh@tes HREDCpbwei it atelafively comesreboltedrigve e power

connections on the circuit board preferably carry high voltage, |ow

cur r enhinkaizp thecost aid@mptlérdty dfdhe pokerageplyBigh current DC  power in order
to mnimze the cost of circuit board. In, such instanc

. . S, nductors carry
the |ow volheagaver sy ehvid ﬁm1®@ymﬁtedh@ REtnoyver F‘Bﬁ‘ﬁefaﬁ’é’eﬁ’gpg%&%“argé _é‘ﬂ&at or
T s 25 B e EARREOAIE S BB e e P2 10
38 o e 5P AR BB Mty el oyttt

Therefore, according to the preferred embodiments of the present invention, special consideration
is given to where the DC power conversion from high voltage and low current to low voltage and
high current is made, as well as the location and type of the power connections for the high
voltage, low current DC power and for the low voltage, high current DC power.

25 The high voltage, low current DC power advantageously permits power to be routed over
power connections, such as a wire or a circuit board trace, that are constructed of a relatively
lightweight amount of conductive material, which minimizes the cost of the power cormections.

These conductive materials may include metals, conductive inks and the like. The design of the
traces on a circuit board that form the power connections will typically determine the most

30 amount of the conductive plating on the circuit board. The thickness of the conductive plating on

the circuit board is the same across the entire circuit board because it is not cost effective to
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for the IC 22. Preferably, the voltage regul ator nodul e 38 generates the DC
power at a relatively fine regulated level to mnimze the cost and

conpl exi t woof3/o2émwsvol t age regul ator nodul e 38 while maxi MC/UsY2B6m3
performance of the voltage regul ator nodule 38. The terms "coarse" and
"finey i g QW thidkSesRE 8t DS & diffefnt Sb@ diMRe b&LAB Thoat

di sti ﬁgﬁ%@ﬁ@%@lggg (r)err%g%ggﬁtg%tm(g%grat ?fo‘é} olfgthe1 pO\];l\BI’ supply 34 and the

vol t agest a8l adddOwitHeREiEb03ed pdiét cdhBediiohs inaY esdendsalrbe upltheredsedf the any
particular values or levels. It is desirable that the voltage regul ator

nmodul eir&dt beard.c Boséxanyie onasuezcernf dupreer platidp sctypicelliawssdde carmy bighapbagesi r cui t
conponents, and, if necessary, nounted on a separate. ci.rgcui é board.
Al t er few cyies DG pewgiiremdle pOyRISERRIY Sftodathe tpse t%ﬁé?l%lt ﬁ% {0 VRS of

nly djscrete circujt conponents. or.. only integrat.ed ci [ S, as
%ec es§ F?’m&i CQYRRSEY MoK aoé]ctg‘ﬁ Bllrflﬂbg%aé jac) T %%sg’ ligier%’&/& |ij %@pﬁgpgﬁg ype of
capac !oﬁ%'ﬁ? fow 2@%}%};&%} Rlufcnt POWEY, the! B8R dultBed &f tRLsamb Wat@ERERd R Gieeded on

capaci tance 4 ntageously supplies the 1C 22 wth high transient

Cur r emfieScivdi@boh il daft§ thad Sarde s@birted patvervte. thd benstments phithgbeapalidence 42
may be 30 forned of' separate discrete capacitors or an integral capacitor.
Di scr etreuit hpard hpwing fourdimesehe ampuri edplatingiis signibeantly ereiriespensiyht al um and gel

. 9., ket ed_. | it , the |like, . -23, WO 03/.028095
e US02/ 30SB9NinR IS REAPrAVSA S ERl B e aFvat Rl SB it eoREa R ons.
A . PR FEs rea . t-en e
HvanCapRaLey, oF 60Ukt S Pt Do REbilons oA GRAE SoREL O S

The C%?égg&%{}p&ﬁwni R60ifes Clo®t Qe APBC JoWeS ralReY: thin b ZOtELS) AL RESnSDCh as

si ngl lt1 -strand wire, stanped and forned, blanked |eads and the

li ke. pbher af eadenpnhingnied tife aisseffcdiceitbagec it such insgnchs condweprakiryy thedered
with a carrier lead frame and may include relatively |arge parallel plates
separ akdgd high aurenhBCeaonies diweatlyi from thesvalisge retlates apndsile 3 ediendeseunlingi d or
fl exible, and or gas. Integral

may be formed of .a solid, |iquid, .past el
capacicepgcatan %’ttﬁ@ é%ggd ‘Vgtt%’l' heing corted e c?’?rf’?lgg‘?arrg ﬁré,gess hapes and
nfiguratigns. .The ' ' Ak oleS R HiDE dottddef 144t her
JI(;ge)t ail bel ow® Vfétaﬁfea{:%%%?&?#e@geo%\iﬁﬁgg%%)ﬁ/lgéﬁcf@? t%_()vo%gsaglg@r%g%eht or nodul e
38 a“%yaﬁt ﬁ@gfwér hP@e pSRBAINhAMER 3630 TRY vERageOHiBh Beerit D@ Pywapbapiiatt
way to form separate or integral, nodules, evices, or conponents, or the
| i ke. 1B gledCald. yRreferebdly thuevolmppagyladet, madude Ypdnagtesrtbg DICpoyer ahpthldteeds and
t he decoupling capacitance 42 are constructed separately or in_ al %g%at ive
const rfinstregwlgted densl romeimizgihe gostandhermnleratyefithaytage graulatemadite c
maybe desi gned _as a_15 single, integr d devic nerat .4 w Vvold age,
hi gh dBFHBHENE fReTEYHICEO 3‘%@“68&_&183{ inilcfd.uief & SEe Has %rbdg ¥
5§9ul at g ‘hgrg%d%ﬁ R, 3 DL LR ARE APl S EARR Bt BRERsIh (B YeHSmERRE GRed as a
operation of the power supply 34 and the voltage regulator module 38, and are not intended to be
limited to any particular values or levels. It is desirable that the voltage regulator module 38 is
constructed as a module of discrete and/or integrated circuit components, and, if necessary,
mounted on a separate circuit board. Alternatively, the voltage regulator module 38 may be
25 constructed of only discrete circuit components or only integrated circuit components, as
necessary or desired.
The decoupling capacitance 42 may include any type of capacitance that decouples power
from the IC 22. The decoupling capacitance 42 advantageously supplies the IC 22 with high
transient currents when required, as described above. The decoupling capacitance 42 may be

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

without limitation, ceramic, tantalum and gel (e.g., pocketed aero gel) capacitors, and the like,
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single, integrated device capable of generating decoupl ed, |ow voltage,

hi gh current, fine regqulated DC power. The I1C 22 may draw its power from
t he decoupla osg2gm@paci t ance 42 via the power 20 connecti on PEA/WS02B03m t he
vol tage regul ator nodule 38 via the power connection 54, as desired.

Typi calvhith rhdienasResddbd 64ur RS mdtnt &Rl dofmebtiond. | $ucHicapAktBrsRPAhcIAME Bib. needed
fromthe decoupling capacitance 42 and/or voltage regul ator nodul e 38. |f

t he | GyRe camgitorse Pikureth capaaitsis advartagenesly providegtredeleeminsdtspgeficampnk ahdr
modul e 38 al one_cannot satisfy, an_appropriate anmount of the decoupling
capaci haysdaown sizgsnEhejeennegianep g digespip capacitorsanayortilizgsonduptorasush asodui e 38
can 25 satisfy.the fransient .current equi red by the.lC 22, then the
decouptnelg ot Bt eiR 3o GHA Hdiede TP SR e Hrscie- HEtorom et 6iter
cennecs: . | . .

R i R R G LR B L D S G R
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grid array (LGA), pin grid array (PGA), ball grid 30 array (EGA), spring
cont acflexible, atdwmry be¢ firinad of e noiet; fiqoids pasté) gclompas i ntegealhgavibrs nt er f ace
provides an interface for transmtting signals between tw conductive

pl at es2dvapiagepushspgrmgipugiom speciigntisns ohgpessmperniigmationss by despuplingn d
separated .by a suitable .dielectric. erial. The inductive signal interface
pr ovi aceaga‘é}%c? ﬂ?ésréeg%qudp%grﬁéeﬁggﬁa{l P19y si gnal s between two conductors

gV Ng a paphirCaf Al pO &AL AN HEYoR @
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M Cr op¢pacismoE 92 ntHyPetcdmbiiedra knpafirofens Fhy t@mﬂhisgpetrhte or &Reghl medurkegr at e
circuit (ASIC), a hard disk drive, user interface device, transmitter,

r ecei vdaviess, errponipiokents,lon the tise.aPysfératly. thepowersapply gt theoiottegs teg®atoand t he

IC 22 may be the sane or different electronic circuits or devices. The
si gnal mEéWﬁéétanﬁh% CRERIME fRPRARNGS YnalP comtiurted separalely T sy alicgpalivet i ve,

L Connect an o MR A e
"t e friTgs R Pl BB ko ERIRGR Il s FE RV SRl
98! vaniifigls! SRBratt U HIARRelaiAL 1PV oBRe URER oRIR! filoGe fRARA TROPEAGT syuch as

those khown i'n the art” which includée solder connections, land grid arrays

(LGA) , fupiher, @lid wblaige depalafd?@igdulddd hndihe decsuplys cdpBEityncant nidyehel dekignedas a
capacitive signal interface is one that may transmt signals between two
s pac e csinglar integeaiedideviceccapible o€ gengrasing dagdupleds losi yaltage, lagly eurzand fwisi ch are
separated b suitable dielectric material, or air. An inductive signal

i nt erfrggéla?%lﬁ‘ﬁé’of”ﬁ%t 15 transnits signals between two conductors having a

bar ti cul ar 9l 6abatl 01y l,0 QU ANBLIGE: A, -IBERREALEH.LY R ESIG! M ned

di stance. The opfical signa rface pr es an | nterrace
20 connection 44 or from the voltage regulator module 38 via the power connection 54, as desired.

Typically, the specifications of the IC 22 will dictate power output needed from the decoupling
capacitance 42 and/or voltage regulator module 38. If the IC 22 requires high transient currents
that the voltage regulator module 38 alone cannot satisfy, an appropriate amount of the
decoupling capacitance 42 is needed. Alternatively, if the voltage regulator module 38 can

25 satisfy the transient currents required by the IC 22, then the decoupling capacitance 42 is not
needed on a continuous basis.

The power connection 44 includes any type of connection including for example
conductive, capacitive, inductive and similar connections. The signal connection between the IC
and the circuit board may include solder, land grid array (LGA), pin grid array (PGA), ball grid

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

provides an interface for transmitting signals between two conductive plates having a suitable
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carrying signals nodul ated by a transmtter and denodul ated by a receiver
at an optical frequency, such as |ight, over a channel via an optical
wave- gui dwo suesnas an optical fiber. The transm ssion | ipca/ssognedss
interface provides an interface for carrying signals between or on two 20

paral l.el conductor.s,_ 1nc . ! =Skl - iR+ 1 ne and
t he | PR eé’a{ﬁl&? el?ye%%ultaé#égdﬁ%?cnﬁ%ﬁfé}efr@ gf%r%%déeg Sgﬁaﬁﬁt&g@% %E%ﬂdg?a}éar ryi ng
si gnalse pRdub At SndiYing sishAB BEiwce twa BshdudRIDEVIAL Lebriidular srRmeitdaNo She a

radi o frequency over a radi o frequency channel via a radio transm ssion
medi aandih@tindseparate® by 2 pastieteret distartche power and si gnal connections 44,
50 may be delivered to the [C 22 via any type of mating arrangenent, such
as a ci r cuiThe beyaplg cirewity22 designates snemery dByiges, BHFTORIOEeSOCKELIASEERb| v, pl ug

B Brobrsabepauion et ries crrigAtobamad Gel et oPa el sy |
Col A . .C . Kt J , & 52
Co iy e . LA AR AL 36 b p ot

System bl ock reference nunbers 36, 40, 44 and 50 of FIG 2 that directly
cor r espond The sighal ¢omnsction S0haat inblude Signalrinterfates enct asswdduciivearapatiiiesi s in
the table 56. For exanple, the power -25 WO 03/028095 PCT/USQ2/ 30593
conneddustiva®ptiralceaspission linspaiwireless signah Bifeface ghihedikeo At erodustivsaieneh
lum B, Row 1. System hl ock reference.nunbers and

of TepiEIceTY YRS HAYFRLT By AU BEI BRI YR de i e ghactden A hodd
encl o .13 r k - 1darralvgdi cat i ng
R e e e A SR e
power (BGAYPRHIYerid &irdyeeBGAhkAd B likehe\ edpheitinatipa imoifhade onethat mbp tranmmivl e
to | C power connection 54 of FIG 2, is not shown for sake of clarity.
Howev efgnallHetwdeat tivoapmedepart oonmctivoplaBs, irefctabliesf similaoieh andovhigiharea

circuit board trace, which is the sane Ag}z_all . of ,th?.ot er .connections
|i st edepatated hpReuigbleieleriic materiy], prar.; Apndusve Senel BRI §4 ocat i on

i s described as bei hows | UL _
15 emoweasris pals Qe ept B17 ooreyRer i dluddfRitRion (LG dorhfiod 20
| ocat g aiereggy ia?é&%e@%eﬂd@ﬁ%g@me bpal ki3RalliRERY f8vidks Silintdrfacotort he

el ectronic scription is used to reflect present and

antic %Eﬁr%zﬁ% sigHalyy Bo@lEgEdPS a ofngoier asldeatddatatddinta meeiveralanoptiedly

conplicated circuits in their own right and are typically formed as_nodul es
that fiequendyasechtas light overrdhanng) véa acentical waverguide sush asamppiical fihes fbg

inply a distance relationship 15 where the power.su I¥ is located far from
t he rémrsws;ﬁ@ndméeﬁmbyt%@ew@éf}deﬁF%B%t?ré%ﬂqf& CHEDG %‘,as‘? CHE? ECppl y 34

iOS el %%Hﬂe? gérlds(lcgo?slf E)rllc‘flgdiﬁg() cgar)}?mﬁc?ggw, Q&pﬂn&f gtiri&a[ﬁ[ne and the like. The wireless

signal interface provides an interface for carrying signals modulated by a transmitter and

demodulated by a receiver at a radio frequency over a radio frequency channel via a radio
transmission media, such as air or space. Each of the power and signal connections 44, 50 may
be delivered to the IC 22 via any type of mating arrangement, such as a circuit board, edge card
25 assembly, pin and socket assembly, plug assembly, solder, conductive adhesive, pins, spring
fingers, and the like.
FIG. 3 illustrates a table 56 listing alternative locations listed in Columns A, C, E, H and
K thereof for each system block 34, 38, 42, 22 & 52 shown in FIG. 2 and alternative connections
listed in Columns B, D, F, G, I and J between the system blocks 36, 40, 44, 46, 48, and 50 of
30 FIG. 2. System block reference numbers 36, 40, 44 and 50 of FIG. 2 that directly correspond to

columns in the table 56 are not enclosed in parenthesis in the table 56. For example, the power
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The | ocation of the voltage regul ator nodul e 38, the decoupling capacitance
42, the IC 22 and the renote circuit 52, as described in Row one, Colunmms
C, E, H and dé/028/mspectively, are each described as bei ng Haaresoedoin a
connector, on a PCB, and/or on a conductor, as described in 20 Rows 2, 3

and 4 né%?t?c?ncig(} %ﬁgéc)élg cgﬁtr%sg)ggﬁﬁaqﬁe ég\wér SRheERS desbRiBed RNOSEHAIB,IRow 1devi ce

t hat ceq rica u ectri signals to an electronic device. The

el ect ¢ Gah pid@NRltereaninBeks 3%, 38)22046)12CARINd! PIEIG, ¢ that dddicetlpowesspanmt/ or
information signals. The connector also has nmechanical features to

faci | iot @blenineén @hksle (56 iaceadnctosedacparenihdsis, suvh as gleguver sepldd PEEIG.1% t he
preferred enbodi nents of the present inventi

rrea . n, .the con ect(y is forned 25
as a mdieating she payyes sepndy #pelfy and Hodima 45 Rowd ‘f@nbleﬁéheclpf’%lﬂnto BREPWYSs a
bstr at ich i | f i - ial f
B0t £ R A 5l GG AR B S el e
Conduﬁf@.rz id ﬁotasgg%}{if&esak@é}f cl&r]lillgfr: tHdgfég’H, VISR SOWRE B6tiebGed SHineRaksaf rom

one electronic device to anot ctronic device. The electrical signals

carri gshditdrRfd Geneueberd s, salidhyisitncdautiens pthoé theanhkrepnddtisngisédin The
conductor maybe flexible, or rigid or a conmbination thereof. Exanples of

fl exi tibée 3ZofiBlEt30r s i nclude flexible circuitry, ribbon cable, wire, cable
and the like. An exanple of a -26 WO Q3/028095 PCI/US02/ 30593 r.igid
conduct or im&iatakls 55:%699@?1‘{ Uk loggtiop s fesgrbadcps et TEDRIF &Y TV Paces

i sposed t hereon The cenduct.or i s J fi Of i krcuit
1goalrod,CO oy #-o TR FER {ed'ncgg glthlﬁn&[égcg&%%% %‘%@h&gﬁ%{vﬁé&rﬁ%& ecéfi%g 319%% 40
and 4fq9aan§n§ﬂ§ stiitd 1aé‘e°a[%3ﬁﬁ6rﬁ SR mafin@RGItHDET tHelt130WnicRieoize 1 0CThismMS

B, D, respectively,” are each described as being a conductor and/or
Ci I CUigbscrip@ah & tidedterefies: ptesat atiehticipafedistul design8 of pesgenppliesithat asf t he
sane four Columms. The term "conductor" in this description generally
means rélhvelp rempicaiebdrciiie th thbiovenvight apdare taveadlytforaedess medwes thef of t he

functional blocks. Therefore, e conductaor . ma erve as _both.the cation
of t hénterfagecioitBoEamapNipg KIECHURY {fﬂ%teﬁ@mé"rln%tﬁd?%?ﬁ%gf Y a?‘bﬁﬁ%ﬂ‘?l%th‘?ns{iﬁe\

[oncondres oot Bl s oL dF po i LERARAL cRhigy Bedlio IR LLAY R Rhe 2

onco carrying ele a el ectrical

si gnalgs, 19%%11 ﬁ%glg 36’_4ti£1aeéﬁiéﬁl?fccmglpédqaltﬁe/rehﬁﬁﬁﬁgiﬁrdaﬁmr and/ or information

si gnal’s. tions of the I C power connection 46 and the |C signal
connect i on A, loégiondE servddage feguRtow motrle IR thendeso@lingcbapaciteney@ls thalél 32 are
each described as being |located on the top, side (lateral) and/or bottom
of t henlhe@@mas citekici2, bedescribediRR ey one, Spdmans G.dbfan {§-e¥e§1?608f’61%’h*§‘615 same

ot er eneh Brcribpbitboiad raden h & GstBt b T 1090« Fhifie B R, b
SHU2" G onid 5 A2 4, Hspb SRR SR s s Wifins.

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

25 as a cover, a frame and/or a socket for the IC.

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

30 signals. The conductor may be flexible, or rigid or a combination thereof. Examples of flexible

conductors include flexible circuitry, ribbon cable, wire, cable and the like. An example ofa
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are relative terns used for explanation purposes only, and should not be

construed as being limted to what may be conventionally regarded as the
top, sidewoons/hgwsom of the IC 22. Typically, the top andditsoensvmarfaces
of the I1C 22 have surface areas that are greater than that 20 of each side

of t hﬁgiggttonﬂﬁctb?ﬁcmgsc ?!@n‘@eﬁﬁbtﬂ[ S e b PARY witrRod RICARI &2s AspoRRIRGESSOr S.

The I'ons o power connection 46 and the I C signal connection

48 ar gndessdicRRYs hehallyiddaRa ottt makedifwit bYirdicdnhenlgesterrad tooaser vi ew of |
the table 56 of FIG 3 Colums A B, C, D E F, G H I, J and K describe

1, 2, midthe?boadd. 2, 3, 3, 3, 2 and 3 individual alternatives, respectively,

inrows 2, 3 25 and 4. Hence, the table 56, alone and w thout, any_ot her
descri pti ofhepowiegeraectins 80 Akandrid, 6’6‘3,&'19@%‘? Oé'nﬁ%‘ﬁﬂgrqaﬁ (gqﬁ%nt(q%.lé.Rofv X 2 X

2 2 X3 X3 X3 x 2.x.3= 11 f - ' -0yt guak
gl ;(er ﬂﬁ?ﬁ;fﬁgl?mél(' ﬁeD)l’(lgr?Bég ’ IS%(peBBgeé}"l)aireeed@g%%cﬁg’F cli %ir:gel%{g’a Hﬁs r SEOEEH Mé{earranty way's
Ch whi e _ ) | ﬁ 4 and
!tﬂe pgg%gé%arl%g’ agem{]anQ gil/ﬁs%(g‘?r/]y%%ﬁ&?br }g%tew%lge%%hﬁay ebﬁe) img)l emg'fltxgg Tllhe o

Pr esentonddvRt inohis desdtiptiongaidrallyombans therbdneslast desdritied aBOvewith exfereficeptoshé bl e
conbi nati ons because there are many other features and alternatives

descr ldvaton nf thecunetimsealitlockse dhtietue. the censucior mag serye agboth thaecyiqusedihe
figures that may be used in -27 W 03/028095 PCT/ US02/ g%SQS c&onbiﬁllati on
with €eestigneldiesianddhq novresand/ar tigal comesiens . The fFracREProvids BRANTVS RETS: ¢ he
various individual alternatdve . I : [ ease
he né?%’&?erag‘?n Y5 irﬂ?rgﬁayggr%:anné) F%{rﬁdzl.‘d’tl?%m %gagfdt%?}ﬁ%@g \%&{#g\%}eéé%%sn nggi on

54 1S H3ffhar W QQE&rﬁi‘éﬁ'ﬁy %QPA&% fy?ﬂ:a{l%ﬁféﬁicfe%%r 4/ sNfforMatiREsipONE T

connection 447 as shown  in Fl en the nunmber of total conbinations
woul d be rEdusesiony of the IG powei sonteetionad6t st IG/signdl opnidetion 8,asi on of t he
decoupl i ng capacitance 42 and b the 2 individual alternatives for the
type desaibed poRew asnGeluting i mf’ I respectively, e gagndesoriyed-as beipgdocalrist the e

combi nations). FIGS. 4A, 4B, 4C, and 4E illustrate the |C 22 . as.shown
in Fl &P, side Gatgral) agd/op hotiany of %6 IP?F?r %Sa‘g‘?sﬂ‘gqué%?"és %ft-” ik ‘?SB?‘E%B”ﬁlyaﬁﬁﬁw
jdentified respective . i 2 9 3o: ANE aMhj » he
Lhekagama P gREE, Sfint Aeteh foctpnds s S oy Wekibh EPIFARGIL

i nt egrpid $2i RhlcHIRscAlySaEY boRfR] Ofcullirer d&tangutagrandskesk nown
as a csﬁc?els??\%g‘f%\ré,%g%deq?he’ i Igefﬂﬁgl;Gy&ﬁ B iﬁius%ract e; trhe allr% 22 constructed
at i ntap@fedtivenetneveded foramplahatidnimhesoseh enly caridsbowld apbbe efinstraal as begngshown i n

FI G 4A, nmounted on a semi conductor substrate 60. FIG 4% #{J@ rates the
| C 22 lisitesbioswhai maydbeaonyentiogalhi ressrdpd gsihe sop side; ¢ detfarolt i conduct or

gina gggg;?%?ltyﬁ&ﬁchp L %@ﬁénﬂﬁfaggsu%éﬁé 5(3 29 %%{Vg ts&rfa%g ’are%g th%t| Qﬁ%éa@er%ﬁa% thétB !

20 of each side of the IC, as is typical with present day ICs formed as microprocessors. The
locations of the IC power connection 46 and the IC signal connection 48 are described in further
detail below.

With this general overview of the table 56 of FIG. 3 Columns ABCD,EFGHLJ

and K describe 1, 2, 3, 2, 3, 2, 3, 3, 3, 2 and 3 individual alternatives, respectively, in rows 2, 3

25 and 4. Hence, the table 56, alone and without any other description or figure, discloses 11,664
possible combinations (i.e. 1x2x3x2x3x2x3x3x3x2x3= 11,664) of the various
individual alternatives. The number of possible combinations illustrates the many ways in which
the power delivery system 12, the signal transfer system 14 and the packaging design system 16
for the IC 22 may be implemented. The present invention is not meant to be limited to this

30 number of possible combinations because there are many other features and alternatives

described in the present specification and illustrated in the present figures that may be used in
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such as plastic, ceramic and the like. FIG 4D illustrates the IC 22

constructed at integration level 3 and includes the sem conductor package
62, as shewo3imns®sG 4C nmounted on a circuit board 64, sm@viswesoveferred
to as an interposer board. FIG 4E illustrates the I1C 22 constructed at 20
i nt egr.at i . I : k€ Ot Qondbacdi he PCB
64, - a8 e R B e Y s
r ef er igdlvideaRdtethatiRtdHesch athd saie efrervedlly also ifveeab&hd 2unberofsissibt ed usi ng
integration level 2, as shown in FIG 4C However, ICs are anticipated to
be comsmbumtieds.usi ng i ntegration level 1, as shown in FIG 4B. The various

| evel s of integration are illustrated for reference only and shoul d not be
25 i nt er pr &f B HEMIEY HPOWRSTICOPBEHPY Sd 43 Hsgdgvitkayt ﬁ‘?d’gc 'H’rlr%'gﬁa]?qcbtﬁgceo‘& %‘ﬁe

ot brE SORFOGR Ao GhofRIT ED, o o ATEREhEROn O RO T

60, age metﬁh ¥ gxﬁiviélﬁzl alfBYiafdfes TOUAL R afbd S6tht Ye@bplitiEcdpeitde 42 Whd Bput

usi ng the sem conduct or package 62. Likew se, the sem conductor package 62,
as shalé? individhik aléfmativ@yfobthenyedfable poweaabhyection thé.anptlbediBar2) 66,994

wi t hout using the PCB 64. Hence, 30 individual parts of the illustrated

| evel Posdiblelpomb@azi@nsiay be ni xed and matched to provi de nunerous

SﬁSbLEf"‘Ti ?%?q%h%%ﬁ%&%é?ﬁ” bt 17, ob i ih%lﬁﬁﬁ 3 boiioages
R e U b

st acke @éeMa%ﬂ%gwe@i@ﬁ spii@hNer FIQ. 4011Mshakh MellcaPniRidd £ intklgaten the
terms "top” or "side" may include all surfaces facing in the sane

di r ectlewl 0 aaddndndesoemidoniltaor die 58 hatharwidedmewhas tlobipt, watercud thelikdeFléhe
direction. In FIG 5 the IC 22, the power delivery system 12, the _si%nal
t r ans 4 ilkyhatenthed Cad2econsivwted & dinfegratiowlevelyl anfraclpdesibe semicopdiictor gigy 3

donne i agn s thaie Gratettimeter SRRl m Yo sl isE e (e
Fén Ol(;r é%'tl%?&c%ﬂ §Q€%ﬁ#€gﬁv§l{%%®%@§§§d ¥ s% RondHlfor gﬁe 581000106 bn @e29r am shown

excep 1S | ustrated as a schenmatic

el evatdogn@ndvteysutstfic 60, SNAWAIMSE FEE 4B, ichtldsddraithinn seovanidaskideas2, appl y
to all of the figures. A solid line represents the preferred path for the

si gnal suchanphbtiqreRmiamnd theéikpr Bl dledlustoates the 801 32 constriczd at itedigtian lgedhed
line represents alternative paths for the si %nal onnections.26. A | ong

dashed mdiachdpy bespmisonfuctarnacikags 6gatsrhowndn FlGie ted QR ASECHIHReard

Th j]lustrati ti i.ded ' d gl ari
Thest 11| atiat1 o CanNsoLl ol S0y A ee. o AL 1
hirt er plExf‘e io@Sevel B ol R nides BN semiEhduSHEPacRSed GMAM"LHQPCB%, 8%hoWsin FIG.

connection 1s nore 1 nportant or better than another.
4D, mounted on a larger circuit board 66, sometimes referred to as a motherboard. Preferably,

the IC 22 is constructed using integration level 2, as shown in FIG. 4C. However, ICs are
anticipated to be constructed using integration level 1, as shown in FIG. 4B.
The various levels of integration are illustrated for reference only and should not be
25 interpreted as being critically defined. Various combinations of the levels of integration are
possible which are not specifically shown. For example, the semiconductor die 58 mounted on
the semiconductor substrate 60, as shown in FIG. 4B, may be mounted directly on the PCB 64,
without using the semiconductor package 62. Likewise, the semiconductor package 62, as shown
- in FIG. 4C, may be mounted directly on the motherboard 66, without using the PCB 64. Hence,
30 individual parts of the illustrated levels of the IC 22 may be mixed and matched to provide

numerous combinations of integration not specifically shown in FIGS. 4A, 4B, 4C, 4D and 4E.
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The signal transfer system 14 is electrically coupled to the IC signal
connection 48 of the |1C 22, as described wwth FIG 2, via the signal
connect i ow@B/029tee si gnal connection 26 may be el ectri caldgr/wsmapbzos to t he
top 68, the bottom 70 and/or the side 74 of +he IC 22. Preferably, the 20
signal con QN i i D f the IC 22.
Hence, theqﬁ%{lg?gﬁ%& AEE,gﬁ%}gﬁkﬁ%ééﬁiymgﬁg%ﬁ?fﬁgl&&g t g}p%% g(\g/ﬂzstﬁl‘)’](f)érai1 vi ew of the
| C 22 geh@ithafi§ @Bt Sop Tt silFresinfgan| Tieee iR tiplosirfads Byl Hemlthe dementebemgy
surface of the 1C 22. The power delivery system12 is electrically coupled
t o t hetacedpoweruehorots owthis toformhestait-Gep profle Hewas thedernwi ‘top RirGsidg’] vi a
t he power.  connectiaon 24. The power ,onnectign 24 iray ge ZSSPﬁJ ectrjcally
coupl &ptigelude all syiwss facing 15 die wmerbregten grd figdol iEted o Hie sprace !
Pref era?l@/ t he ﬁower connection 24 is electrically coupled to the side 72
t hQUF B B8 ongdiiection, o ¢ hower  connection 46, shown i nside the
el evati on j 0 i dwhey
be- 1 ocat ed om Gy e e e e e ™Y
pr eserthdnwrRAally 0The 122 & GidligeeieaatilpicResihd phtieigindliepipnaystemritect i on 24
are located on different sides (i.e., the bottom 70 and the side 72,
r espediavinglthy 1Gpowkrecon@c2ipn 4baeodthaly sigeal sompsetioncdhivemed theromtiandenciethpower
connection_24 on_-29_ WO 03/ 028095 PCT/ USOZI{%%S 3. di ffsg]r@ent. ﬁggf of the IC
22 pr Nedelagramsshan i an isgrasraty the wmeas t ch%@&%f@@ A &P of

e | adya S, Jhel Cl 0g rof acts
];(Ed pgli}\%[r%hec@?%& lil}lal%aﬁ%ﬁ%aas%%ﬁ%ﬁ%ﬁceélgﬂa%{e@g%&?ﬁ%glo S%gg%tsgc %?m?sr?%ﬁgltési ng
the n | . AHOAE Findk AQ Chrabrich athi foNMe cont act
pi tcht&?g%ﬁ%%%gia?ﬁ@l%?n@e?pﬂggﬁ?g{egl cont algt s%%isﬁcrgl;@ng 5 ?ﬁe nurrt()jer of

tot al sgfial esrirkctied 26aidahe pasfatsd posvty comgetidre24. oAk ckompdashed hihaodprgsentssquar e
area along the Z-axis, reducing the mated contact height, increasing the
si gnalaltesmtivé deths foritler dgedl sgnehbonssni & bmgleshsd liesenyeseats alismativapatihe | C

22 size, as well as inpravi ot.her factors .related t el ectranics,

e harlph e FRF R EREIPUAIS 2 er i oy corvBigRefte ProvifidE ero Bl & 1 ne
wer cannect.i o C . i

B SORREE o e TR nd AR, S ORIRTRe FhoBffols IRfRETh 465

SPeci afayk OfsH AEhAMYiRe HaPMyHoRe 08N iPmbRAmpBAaiti R Dedr thitCarbiignal

connecti'on 26 and the power connection 24 on the sane side of the IC 22 to

opti m ze t HEhecoigmd abndersybiom Mais ietegtricelly covpdad tn ghe Kesigmalsonestide 48 of thed i n

further detail below, FIG 6A illustrates the IC 22, as shown in FIG 5,
havi ndCe23; iap describpdwith FlEqhefhesiggabgonngsiion26e g sien2lconactionZodBaaby | ow)

<1 gnalSirorcBoupled S a3 a6y bord by bl BRbOET 4l G L Hpres S HEN

b&PT ess?éﬁail E'gnﬁegﬁon 26 is electrically coupled to the bottom 70 of the IC 22. Hence, the IC signal

connection 48, shown inside the elevation view of the IC 22, represents that the signal connection
26 may be located on any surface of the IC 22.
The power delivery system 12 is electrically coupled to the IC power connection 46 of the
IC 22, as described with FIG. 2, via the power connection 24. The power connection 24 may be
25 electrically coupled to the top 68, the bottom 70 and/or the side 74 of the IC 22. Preferably, the
power connection 24 is electrically coupled to the side 72 of the IC 22. Hence, the IC power
connection 46, shown inside the elevation view of the IC 22, represents that the power
connection 24 may be located on any surface of the IC 22.
In the preferred embodimenfts of the present invention, the signal connection 26 and the
30 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
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package design system 16 in accordance with the preferred enbodi nents of
the present invention. Hence, the signal connection 26 includes both the
first (hivglodfmeysency signal interface 76 and the seconddi/wsep/36398quency
signal interface 78. The frequencies of the first (high) frequency 20
signal..interface. 76 the f L L 8 are
cepar Dy ag of B LE 22 Bt MR R i ihacs THRE RN P HOR AL THELIARR 165, T
si gnals i 0§@hhaGHS a@nichtS RICRIE r&iidfglhe hidbdrf ZdounBasactoand pegaency
increases as the separation between the frequencies becones greater. Each
of t he@dnkdcts inctstiip)thé nebeREigahlpoatactsninerdasiog thetwanter pheigea contdcts po)
frequency signal interface 78 may be connected to any side (i..e.,.top 68,
bot t osquats axed redutaleshe Fighal sbniapepiicts, reducipg themuatber aliolpl comacts,ipaeasitg gh)

frequency signal interface 76 is connected to the to 8 of the 1C.22 and
$he sibesnmber oliptal cerfadhnss sPYRAre ’PFEB?W&%? @@eipgr %%ﬁ CZB?restﬁlu?rg YR t om

70 of .t .C 22. . This_ | [ ; \ he
pover ednmusrr it a8 G AEL LR RRRARRL AP pubgianyBRERLE Bid

W t hoyt.c ONGIAR g7 ReubReahd aN2Dkizt,he welloRahpfR fipasthérdBctds rolatethe

side(s) 72 of the 1C 22. 30 Further, this | ocation arrangenent
advanglagesiisd, yhechamiesqpdmatgeriais.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 anather -30
WD 03/ 02802dteP@TiveiSOthe SEagiFonpeasiendd aafl dhrpowes capresten ¢4 MY by %C&teg‘ﬁmanot her

15}15'3 ﬁ%fcsteﬂr‘?@'f%aé Sigerasita e PSPyt 3P <& D ?i)l%ﬂ?eif@‘éﬁaﬁ%gﬁﬁéa?écondl
P85 OUFEIHE: A . .
it or getat PRkl bR BRI theBe K bR o S e o

f r eqUEBEcEHPRbn i GiatR ofhd IT 27 & 6rtiiz6 ihgRahisectionsiod varidusenpime®G vi a
the conductive type of signal interface, and beneficial for the first

( hi gh}easériscasiésseyibad rfattheriewilftabev.76 to transfer signals to and froma

conductor via the capacitive type of _ signal interface. .In other words, the

| ow f r eque . AdHutstendia 1§ Ho ag shawi Eiasﬁtﬁlqgraaé‘égﬁw)%eﬂgerﬁ@@ﬁ t he

hi gh frequency signals | d be carried vi.a ey r : uctors

lRarry mt?q%%peh%gaﬁldfar S@&ﬂ@n@%’ﬁ%ﬁ?@ §1gna§ fHface W?tﬂ?@féﬁg :Isr%)fe}lct%1 F é&mﬁg@g ut

ent er g, LRE F08 By 76UEA bABISAS dfaBRRIREXH Hedd herepidbetingitheui ts and
|‘ﬁ% v a shor c

conti di stan via PCB traces. This particular

arr angﬁ&&%& ABQERksterh N6 i &fbrdanet ith eheafrefehred BABodimebts afith preseatiinyentiars e
conpl ex routing of high frequency transm ssion |ines anong multiple PCB
| ayer $idnse,thesiphalednoection 26 mohates bothrthefirs fhigk) fgquencysgnabrieriased® 8¢ ¢ he

| C 22, h in FIG 5, havi h i hi.gh 15 f i I
inter ﬁlm?;,%;@g\égﬂ’l) trf]i]“?@ueé]él‘: élﬁﬁal?ig%n ce} 7@&%@%}1"%’?‘6%&% t?%g{ﬂ g@é@ %C ,ﬂe Gc:y? P Zr ent
%);(r)rg] §%£Pgl {51%&?3:98 (7B I@ﬁg @efs%g&l%e(?o% f%écﬂt@ﬁ‘éy 4iBf ha8Re 78 arE@phrafAUR) £%ako t he

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

based on frequency increases as the separation between the frequencies becomes greater.
Each of the first (high) frequency signal interface 76 and the second (low) frequency
signal interface 78 may be connected to any side (i.e., top 68, bottom 70 and side(s) 72) of the IC
25 22. Preferably, the first (high) frequency signal interface 76 is connected to the top 68 of the IC
22 and the second (low) frequency signal interface 78 is connected to the bottom 70 of the IC 22.
This location arrangement advantageously permits the power connection 24 to be connected to
the side(s) 72 of the IC 22, without considering the location of the signal connection 26 on the
side(s) 72 of the IC 22.
30 Further, this location arrangement advantageously corresponds to one type of signal

interface (shown in table 84 in FIGS. 7A and 7B) to be used on one side of the IC 22 and another
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representing the package design system 16 in accordance with the preferred
enbodi nents of the present invention. Hence, FIG 6B is the sane as FIG
6A except wioous/émos| ocation of the first (high) frequency KiTgwsabk/30398er f ace
76 and the second (low) frequency signal interface 78 on the 20 sides

(i.e., top 68, bot 7 ' . f - fRi gh)
freq ug'r?g é’ug&%lalfl%r}r‘i‘? é;%rofb%clgsgg toﬁ %ﬁﬁﬁ%‘;ﬁfé@%\%ﬂ %o%&% %‘%38%22“5 yﬂrétis(glﬁggl P
inter i 2ABNasitils tipe.-of signhiftebBce &k hosecéld dodk

Si de(gl‘)%&@%wg@?lh%%r%%? ﬁﬁgrag? er%bgl Yy, tt}(r?ee fis}rggt (hi g%e fr equ‘ecncyelsi g):j.nal
i nt er fregeent§ sipndl inteefaseTdnmy (hothle conduptizn tipeoff gigail inferfacs: fladkis 28ample, it

| ocated on the bottom 70 of the IC 22. Alternatively, the first (high)

f r equeionyd sberie§pial for theaeeonddlomp) Gempengiesignad Bierface dwjo Prawereignplsdp gﬁ%

Socat ARG # FEETALEE cohRgmy e rpianay! Slray. o perrisi et bt ek cCong ~
ocat fi O . .  Second
acvantaguag g PIEREe 740 iR el ahd FoRaiondh A plephieCtype of

el ect 'éighéi IYer £0L PHEShdSvdrhg tBaIw RéRenSpapRL Whuld Geraiietaia PCBatdbeyod C. 30
This | dcation arrangenent is practical where the signal connections 26 have

many ee POB anfl tieshigh Gyquengn algnals e dilocecaanal Yietheaondigions t Fhercofidwaiers sayy
signal interface, wherein allocating -31 WO 03/028095 8?/#3?2/ 3059 t hem
to di tiehighdreghensy stgnaks e other gipcujis diracthe Witpwt aissmgdhs BCEy oy ent Bx

h I [ h h .si de of .the. . i i
Y FangerBRE iR et erEa HgsPRGR e oot e iniles PP Delaed THe " ¢ 22
and t e [ bl HANREGHTHS hé (8 GRIHACLGhe PLBAD BE nikizddbdcpuRoniprRAaL &

t he diffterent %requ ncr es. r exanple, the first (high) frequency signal

i Nt er 866’6 HIBY fig@ndy GanAtbdidnBndsyfongiuliplgPaIB lantre if modmarnd of he second
(low) fredquency signal interface 78 may use the conductive type of signal
i nt er feli@@natbd t hi s case, the hybrid interface connecti on accomnmpdat es both

the capacitive and conductive types of signals. r artigcularly,. the
hybri d ipnt dil5a 6B ia;amﬁlé&%tmﬁlvwﬁghqlﬁc%a% B‘Fﬁné‘ﬁgt gvét%?’}ftgtg? b%@gh)f or the
capacitive type of ,si.gnals d gal vani theq: ive
fpe dreatpniienatingitdh 7o e e REATRO ARG Spiepfptorf e o Bom' 2
FI G i o . : i~gn i @slde af pecand type of
Si gnaﬁh? ﬁ?s \épﬂg@gﬁ%dieﬁ%’i %%ﬁgd?g%%rf%cr%g% tédﬁg c? %/Iggd %?ﬁg?g%al E:i nterface )8/»8 each

coupl agpreSerfink s pumka%d deizn(siystem, 1 Gtin pedBdanbe withrihefrefancd sbo(iyent9f thé t he
| C 22 Trepresenting the package design system 16 in accordance with the
pr ef erprestneinventione fence FIth 6Bisthsrsemeas FlGnaghexcspt fophsdecationof thedial

connection 26 includes both the first t f. signal.interface.,80.and the
secondhigh &earensy gigapl inferiaes Aeandgde Sqq’i’é‘gﬁ%Wgtﬁeﬂ Y 51enai f?&fé‘c? R eF e 80
5 dt hs?dess E(e).[]{jop 68, bottom 70 and side(s) 72) of the IC 22.

The first (high) frequency signal interface 76 and the second (low) frequency signal

interface 78 may be located on any side (i.e., top 68, bottom 70 and side(s) 72) of the IC 22.
Preferably, the first (high) frequency signal interface 76 and the second (low) frequency signal
interface 78 are located on the bottom 70 of the IC 22. Alternatively, the first (high) frequency

25 signal interface 76 and the second (low) frequency signal interface 78 may be located on the top
68 or the side(s) 74 of the IC 22.

Locating the first (high) frequency signal interface 76 and the second (low) frequency
signal interface 78 on the same side of the IC 22 advantageously permits the high and low
frequency signals to be electrically coupled to the same PCB, connector, conductor or other IC.

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

frequency signal interface and few of the other frequency signal interface, wherein allocating
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type of signal interface 82 may transfer signals at the sanme or different

frequencies. Each of the first type of signal interface 80 and the second

type of swygnalo2gmserface 82 include, without |imtation, ramkeesoive,

capacitive, inductive, optical, transmssion |ine, and 20 wirel ess, as

S hown tHe ?n & diflle ‘Iﬁt Sded STGheIES) Wohﬂl #d fffore CRpersRebr Riord E’&ﬁﬁleﬁﬂ?aﬂ&hl@&tﬁfg t he
pes 0 signal Interfaces is described 1n detail above. Note that the

' tYDeStmf:nﬁdeabmmedebfﬂﬁes 22l so include characteristics of the signals
carried by the types of signal interfaces. Such signal characteristics
i ncl ude, wiThirlotaticnrartangdnaemt nfawe@mmmhybmpnﬁerfw@onnm@n&@t\mn thinkE 2he

ik Each of the f f d h d f
51 gnand fedr e gonespr tRECeeueh Hoapedhs B ksl e BeBEEP0a ' Dort om
7 0 d 72 A

T T (N el
of Si gRglon, 1ﬁfe?Fa{g|@Erﬁl 8¢ sdcond ABRS Gogknty sffghﬁ iRRth@M 8 Baplisd the coiduéBve

Al ternatrively, e second type of signal ~ interface 82 may be connected to
the sigr(sHsighhl dherfdee. Ghddasd Hieshytbyidenteffacd @nadction hecdnanedaes tatigtwent | s
advant ageous when the el ectrical and/or 30 nechanical characteristics of
each typeitofe aslndgnoaduqtlﬁt: tipka o bsignads. sHotr garisgudaty, thedtybrid llﬂféléféceé‘)@ﬂ@%io% or

easier to_|ocat on djfferent sides.of the For . exa

Frrst o m@%udg%g Aelegic pomtsBIIO B S PRI NGRS CluB s 4o el FARGRREER be

ti c?}& %o %thh‘(,ae%g%gpg a}{pe of signal interface 82 nay be capacitive. In
a

i's rcat i'nterface transfers signals in the formof |ight

and the capag YV ah BlefifoRGByibw 3P H02 26 he HownGalFIS! §akig dfikhipé 6f m of
el ectrons. Therefore, it would be beneficial to construct the opti cal

si gnalsignat @itdréee 80nandaeecond eypefoftsipmal iGiePPe@dR) differentdiva itteitype f gl
interface on another 5 side of the IC 22. FIG 7B illustrates %h? Ig 22,
as showrface $9, @nclscounmt@glffeﬁ@tﬁdﬁg{lee 9%6%fb0§1>1§r7§| and sidefy) £220f Be 1G3d 1 he

d t f terf diff t the t f
o aRTEBE SRRk e L doer oG vih “&?er”r%e%“%eﬁ%%g%’lr e%&gf%ﬁng the

k t f
fe e n?%ati%f.f%ér?c&E&én%gﬁﬁ&?%%?%%%%eiﬁﬁ%ﬂéfﬁ%f Rt LR
the | ®03tndRe Sdcohepkiof SignilipRrade $. ITHY firkttype 6@@@1a$ﬁ1ta1ﬁdzelﬁbané dxosedonidy pe

of signal interface 82 on the sides (i.e., top 68, bottom 70 and si de(s)

74) oftypdief dighad teifive 8t2mnaafctrarysfaesxg.halslagﬁhalsamﬂpedlffér@@t fequengics.he second type
of signal interface 82 may connected to anyrrsd g% 8g bottom
70 and si defash Oﬂl}e %tm%of@@ilntﬁf@e@%ﬂﬁhe 6e ?lgl?aét‘nt‘?sﬁ’@ 9t si gnal

|nterfae80 econd. type of si e d to the
15 bot' Hﬁief‘d" ! Ouf "}Emla Ibf ondgcpt ¥§T‘ FEPIR y%dBCtP;e §I&|:%%fl f s%‘h‘?%@ ﬂggca%lﬁg nal
%(5“ erf 86%0 fia% 9?@ indlyded vAfh B ﬁﬁl Ea@ﬁ 8F fRsCedduplaio g §peert ed
o0 the op6 e sl s) 74 of the IC
signal mterfaces is described in detail above. Note that the types of signal interfaces also include
characteristics of the signals carried by the types of signal interfaces. Such signal characteristics
include, without limitation, frequency, amplitude, modulation, and the like.
Each of the first type of signal interface 80 and the second type of signal interface 82 may
25 be connected to any side (i.e., top 68, bottom 70 and side(s) 72) of the IC 22. Preferably, the first
type of signal interface 80 is connected to the top 68 of the IC 22, and the second type of signal
interface 82 is connected to the bottom 70 of the IC 22. Alternatively, the second type of signal
interface 82 may be connected to the side(s) 74 of the IC 22.
This type of signal interface arrangement is advantageous when the electrical and/or

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

easier to locate them on different sides of the IC 22. For example, the first type of signal
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Advant ages of this arrangenent are simlar to that describe in FIG 6B with
reference to the hybrid interface connection. Note that there is sone

overl ap oWwadse28mequency signal interfaces described in FIREa/u943020 and 6B
and the types of signal interfaces described in FIGS. 7A and 7B because the

e B R S e e

For ex I yee%ptlcgl fok&racE Ranskdte si%gﬁ@ tn (RIS of 1&%12 Ued Y capditial intenfacs f ace 76 is

prefera capacitive type signal interface, and the second (I ow)

f r equepsiréieaatbalisiiralsia g 16fn iof clpetedrar dhksefare,dowduidtbievenefiqial totorstgatl
interface. In this exanple, 25 each type of signal interface carrie

si gnahs opticad sizhelrieterfate eyereridesf thaHe ﬂgﬂ@@ the cppacitiiesigngl BistHge OHﬁHOtE‘? this
exanpl e, various conbinations of FIGS. 6A, 6B, 7A and 7B are possible and
i t hiside efifhe §ede of the present description. FIGS. 8A, 8B, 8C and 8D

illustrat S-Sectianal~vhe : . ' i eand 5,
havi ng. of oRat BRI B P er SranSSAILEIC ohEAing B, O b merhieein)

' ecesﬁﬁﬂ}&he s%r%nﬂ i S RRE LY 82 YaifibBat BaAtRanskict Dgnddanidge 862each
representi ng e package design system 16 accordance wth the preferred
enbodidiBHdSo Fhe ddne: Hdestns 10 DY esprésentinglthe backapé Yesigneyste@ XPinj ascerdang3 WO
03/ 028095 PCT/ US02/ 30593 seni conductor package 62 formed as a I% I %V\D
desi gwith étse sefomediembeii@entsoidhopissent Mveatiomt Henseyt1G: ({8 1§ Bersmegs I@? r med

180 meptior (hsapeaToh BB HAP® PHIEEL A 0res o The gt °"

sem condyct bst.r at , ' th not shown in
each B‘Itergal‘:@a%.& °§i\ﬁe %‘g?sa‘tég’ 20%06 SSEOI?%{#%@}‘ ?ﬁﬂgg@l@%&t&g{@a@t y in these four
figures. FriSadfplRsids ani8Ps@ashbay@nl eafewreiznaintnfao®d2 imgbadi ng t he
sem conduct or package 62 (including the top 68, the bottom 70, the sides
72 angorfibted thigny §ds (ignadp 6y botomi Hrand4iie(s) Hé) oithpBWaR. Brerably bathdee t he
signal connection 26 and the power connection 24, as descricg%ﬂrga,}gove. The
| C pofiest tyysmistgnabintetfice fojanddespepnd tyretfiee] Bierhge 82 15 qogae g 10

descri bed abhove. The sepn conducto ackage 6 . i i ckness
RN s A A IR R LR R S S e
on one or npre. s ' 6RAE HRGRIES 74 DTehesSIENIZ: ONdUCT OF
packaé@eé’fs}%lgl%Eeqﬁg?%aﬁgiezﬁ@%%gﬁgg%?g e materi aelﬁa.3 Preferably, the

val ue Ao afiBeUraRR LA ARt ildistkiless (188 dessribpir I bBtveith mfermiasrtorocessor s
using 15 plastic or ceramc materials for the sem conductor package 62.

Pr ef emgbid intédfiee\cahnetiof. the predeterm ned thickness 88 is the sane on all

sides of the sem conductor package 62. : . o
Note that there is some ogerlap of the tzrequency signal interfaces described in FIGs. 6A

20 and 6B and the types of signal interfaces described in FIGS. 7A and 7B because the frequency
signal interfaces described in FIGS. 6A and 6B necessarily have some type of signal interface,
such as those described in FIGS. 7A and 7B. For example, in FIG. 6A, the first (high) frequency
signal interface 76 is preferably a capacitive type of signal interface, and the second (low)
frequency signal interface 78 is preferably a conductive type of signal interface. In this example,

25 each type of signal interface carries signals at different frequencies. Therefore, by this notation
and by this example, various combinations of FIGS. 6A, 6B, 7A and 7B are possible and within
the scope of the present description.

FIGS. 8A, 8B, 8C and 8D illustrate cross-sectional views of the IC 22, as shown in FIGs.
4C and 5, having signal 48 and/or power 46 connections located outside, flush with, recessed or

30 inside, respectively, the semiconductor package 62 representing the package design system 16

accordance with the preferred embodiments of the present invention. Preferably, the IC22 is a
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The I C 22 may have nechani cal features (not shown) that permt the I1C 22 to
be aligned and/or attached to another structure including, wthout

limtati owo @/R€B5 a connector, formng a cover, a socketpawusfBosse, a
conductor, another I1C, and the like. The nechanical features may be 20

forme er%ﬁtoﬁ&%ﬁagq%r&?%e nag,%{]lgvél%?ﬁ?égg?,tag shd¥hn InF1é240rapbd.eoral Iy

fornme chani ca ures 1 nclude, w thout

li m t allfeihtivelyDfhe IC 20988 bPRSinSd apgslevdl @etign, adSiowin e FIGS: 4AckBead) 41y
beyond one or nore surfaces of the I'C 22, and/or holes, recesses, troughs,
and t hed HEker angncosmitiatign iherenfo hetothahthe semmigodustay dixf 5§ il thesapicorpiuctor

nmechani cal features nmay form fasteners thensel ves coqperate.wth
separ Stbstitea0 as phovmindilGg e gara Rargiot shevae i qapk of EC% .81; éBTg ai‘léi%bl hal
onnecgtion 48 Jingcludes si | contacts 90. The signal contacts 90 provide
ny p@}?@%?og%\llaﬂ%'tlﬂgﬁesﬁiqLﬁiqu%“etshe signal's on the signal connection 26 to be
recei ved bybgeshGRAc %%@F? (e (oS dolBbriohulieltfe SnickRieRr the

signal contacts i e various types of signa

e Wt
I nt er hagiese 68 %ineh@ivy the tdphss, taYotiol70, thd+idss.72 aAd IrYl tHEIC signdl edimegtion
without |imtation, conductive, capacitive, inductive, optical,

t r ansHBstiedq powree camuctiv 44, dlassigizd cOmpetiel Myanshihe hewesgeaneqtios;2dnag

i nterface_enpl oyed, the signal contacts 90 have a variety o nechani cal
and eldgsaritied aboee akhgrlEPoRyeH cogriien %‘?ﬁ%@ﬁ%ﬁél.gnmﬂn‘? n??s&ﬁ%ﬁtlwé?fﬁ? Rts are

corrpatdi bl e -54 WO 03/ 028095 PCT/ US02/ 30593 wi th the conductive type of
W gnaldesHPsiPBR% t he signal contacts 90 are preferably nade of metal to

provi de ga'm@e&i&%ﬁ&sﬁ@cﬂg@ {436 prbdHi@mitanbioRics 89, Tnepraspahinble with

t he capacitive type of signal I1nterface, the signal contacts 90 are
pr ef engibkiessBE enfhavetdy viloe pidombylbe differait de oné ot erecidusiod thesenptaidestos
needed for capacitive signal transfer. Alternatively, the dielectric
mat er ipatkageyp2bd hersemicdadnoipn trackagecd2 eapbe ormediel ayfpptarriate BrgiEds. Note

that the other side of the conducti.v I S (not .shqown). coul d be provided
on . PERGbRGEvE Gt BredsRaned dUSaRrEbES hPRb SRR it e i en
e signal conta # I i i géfg% e i gnal

H:t er fpg%s e of ﬁ%ramg% %ﬁ%ﬁargofﬁ %2%894'3%%&?% glfagrgggl 3 na gwb%ﬂeﬁeaﬁlglq’ffg% provi de
one sifeiRlmlifie GRALS BRYEHRIsENB BN aliQideg 08 ed stlcohdsbisipackagiagnal transfer.
Note that the other side of the conductive elenment (not shown) could be
provi ded orTig IPCR sy baveamecdnnieat featurasgnotishbwh)thatgwrmitiiee 16122 to henaligndét ai |
bel ow. When the signal contacts 90 are conpatible with the optical. type of

si gnalandfiratitched,to prrtharisgreireiariugdmes Wobowlaniiign) 3F ¢ AP JHECST fghiaea

oD e AN 50 S SR T T APy

et er QBTG Foiepeld i HERAQlaB G e IR DR ally IOnfe ) AR AR! 290
mechanical features include, without limitation, pins, ridges, posts, pegs, bumps, and the like
extending beyond one or more surfaces of the IC 22, and/or holes, recesses, troughs, and the like
extending into one or more surfaces of the IC 22. The mechanical features may form fasteners
themselves or may cooperate with separate fasteners to aligned and/or attach the IC 22.

25 The IC signal connection 48 includes signal contacts 90. The signal contacts 90 provide
any type of path that permits the signals on the signal connection 26 to be received by the 1C22
and/or to be transmitted by the IC 22. Hence, the signal contacts 90 are compatible with the
various types of signal interfaces, as shown in the table 84 in FIGS. 7A and 7B, including,
without limitation, conductive, capacitive; inductive, optical, transmission line and wireless.

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

mechanical and electrical features and characteristics. When the signal contacts are compatible
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proper inpedance match between the signal connection 26 outside of the IC
22 and the signal connection (not shown) inside the IC 22. Wen the signal
contacts 9@ @roeswonpati ble with the wirel ess type of signaci/usoeséase, the
20 signal contacts 90 preferably forns an antenna interface to provide for

a proper Jnpedance natch. bet t ' j [ th
2 P SR ERSHRRET (B} SR BRS B R ERYOSE: BRAR Sk bl | e

i Nsi dlg)eﬁljaﬁdlegaﬁ%nic@oﬁﬁﬁﬁat' vely, the signal contacts 90 may form and

pr ovi the antenna 1tself. The signal contacts 90 are electrically coupl ed

to the seniigmdle bighaldostab 90ned catmib)e witlbthewapetciivei tysd afisigrabinterface,

sem conduct or package 62. Conventional nethods for ,é)rovi ding the electrical
coupl thegigmat tontests A eiepuefetably maddg efimetol to @rayidrrnsgida fshe fidgve plpten- chi p
bondi ng, and the l.ike, _as e |1 kn in . the art of sem conduct or

nnu Beiden okpappritivon aaal Fansine Afapseiare Selbn isto mad e BREALR Ry

cont aﬁ{e:‘[gzﬁz %g tgc%ag%%% ﬁ%?e%y .(;I(I&{e P St e e (’(:iﬁfdﬁ&i\)@ 188s gﬂ&gsﬁ’&wﬁﬁ

bonds, own in the art of sem conductor nuf acturing. 30

The signgl i oR& doRR&ledadR dasyibsd Hefutheidetaibbeles. (i.e., top
68, bg(?l?gr%e%g&ag%‘égﬁggqgnd 74(1)) of t?le | C 22. Preferably, the signal

contacts 9GVEdrethk epakladnnotstdderdedmpatibkOwsh the-iBduciige G630 808l interface, the
PCT/ US02/ 30593 the IC 22 to match the preferred | ocation of the si (t:mal
connesignelncad@ictss®) ate pafirplely nadsie\d metalite Broyileiope sids o4 thegiadpdivefftnef gnal

contacts, 90 are shown op the t 6 d the .side,74 ) i duct or
19ac ka@@e@.fomli‘g“%tivgfﬁégnaggmsiﬁt &Oo%é‘éﬁgle f’%}}eﬁ@'ﬁ? g cloﬁéué%lgﬁ elﬁﬁlgg%r @8{5;5 si npl e
bl ocks, f t . | &g ' LY i ' ow.

el udtotl s SGidRl af e b o e e o il B e K e nal
path. The sjygfftheGRMhRGRCRDORY chay@iiait ievaticalrtype ef dgnal ntérfact)the

sem conduct or package 62. Preferably, the signal contacts 90 al| have the
sane  siinaVédntats 9@prefdrably farnt ére @ emore opiicat transnpitiet agé/06 opticrhieseiyesatge ment
permts ease of manufacturing of the sem conductor package 62 and ease of
connedtilldwe descritiedn Singliendetedbel®t s 90. Alternatively, the signal contacts

90 individ | h di f | ! | at i k 62
o accommodinet v eiCoaauey SfE orReliF R I ERaRIR R diforaRat oe
cont a%ﬁt%ﬁf%(’)eu ggﬁﬁ%&t%%’ ?%@&ablﬁ'fgﬁs PlrdrhhissTRIRE iAkrfac e ptdradd fore.

Shapes™i out tatio square, rectangular, round, oval, and
the | ijkgperRmBb@abmatchitasyéinaBe $igndlRotibetiOn 36 batsifle Of fira 16)220an8l the sigdal0 nm
squarée range. Preferably, the material is a galvanic nmaterial. The I C power
connecbhnnectibb (hotshodekinsidadhechiC 222 power contacts 92 forned of netal. The
15 power contact provides any type of path_ t

pover conne¥henhemignabeasiactyd) a1 cpamatible wih tﬁ%t"’izr .egslr%fth Bf)g}g’?ﬁ g‘%ﬁﬁ{%c%tn télteg(za

?6 © Cosliléjlla? gor&tgct.ts 68 p?e?&‘;iﬁgf c()jrlfr?st a%rangei a?rﬁer(f&%tto provide for a proper impedance match
between the signal connection 26 outside of the IC 22 via an antenna (not shown) and the signal
connection (not shown) inside the IC 22. Alternatively, the signal contacts 90 may form and
provide the antenna itself.

The signal contacts 90 are electrically coupled to the semiconductor die 58 (not shown)

25 located inside the semiconductor package 62. Conventional methods for providing the electrical
coupling include, without limitation, wire bonding, tab bonding, flip-chip bonding, and the like,
as are well known in the art of semiconductor manufacturing. Preferably, the electrical coupling
between the signal contacts 90 and the semiconductor die 58 are made using wires and wire
bonds, each being well known in the art of semiconductor manufacturing.

30 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
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shown) | ocated inside the sem conductor package 62. Preferably, the

el ectrical coupling between the power contacts 92 and the sem conductor

di e 58 arwomdesw®si ng wires and wire bonds, each being wadT/%svesessBn t he
art of |1C package design. Preferably, the power contacts 92 are generally
20 la I o ' i i 8 dehided bbsal coupling
bet m{et%qphigkgéhvér@hgﬂc% t%{?@ﬁg%ﬁ@@ﬂ?ﬁ%@ﬁ%ﬁp@%ﬁg%%r die 58 is heavier than
t he ehgeifatioalocansm fonte Rphwedntdche) (sirg Sitdwn eroiht i 68 84 thadide!Td of the

sem conductor die 58. This construction advantageously permts nore

cur r esgmicondietorqatiege tPr dhgkignhlecoptassrd0cunilhstratedin e@cg feuagistepla black? di e
58 than through the signal contacts 90 t% t,h(g (fem' (%.ordUéI o({ i.e B8. 25 The
power farghe sakeofglaripn Pra¢tiqalydhe s128pl coRipctsPqdncdy CdBsVUaesiend o 68,

ottom 70, sides 72 and 74) of t.hed C.22. f ; . contacts
32 ar gowtagafﬁﬁesaﬂn%ﬂ%%sﬁaaﬁE@Taﬁtt%ﬁh“i fieml &f r&%ctf%@ﬁ% 5 ﬁe{%}i}p eg?@?%ﬁir ed
| ocat kéigtg\%ftottﬂgséﬁﬂﬁﬁ{du%f'E%&%ﬁ&.zﬁef&%lﬁq{i@ﬁgﬂﬁ@oﬁﬂa&\!QO%ﬂ%a{f@thefsﬁﬁl@ up
nore contacts on the I'C that y be used for sSignal and other non-power
app! i eRivhi@dSreldtive t6l@Ristibonddt@r prekazel 6ac Athisommneanertiperpidswease obnt act s 92

are shown on the top 68 and the bottom 70 30 of the sem conductor package
62. Lowanfactringefitovsemicmductor package feansi epeq of coppecgionip ey signpbeontacts 90.

significant]y reduces, the force pe i gnal. contact r .squar.e.area, al ong
Che. ZAiereatisiDt s Sk epiacisse) sl B g pe TOBuS PRt i SThE 1 C 22
ecause .t he [ce per I LS L0 kS .a - AXT i ng
Rhe " BoskaEe sa ARy BricRbEeY eh iakdtrl n i honsr TR Al GopticBR o
force ' L AChitE mat S aA 1R Bite. A1Ap& ihfledZvawiost Binithtien,bot t om 70
of thﬁg@%&g@%@ggﬁ@ggg c’g}lat act force is neg%eld when the signal contacts
90 andqudie, eoMBgulapniuadera2ndtie likes tréforably thersizspposthe . 5todedmpf by Aé | C 5
22. The power contacts 92 are illustrated in each fjgure as sinple blocks
for tMheldakm ssfuarsirange; \Prefeppbh thecaptesjal i p galyeRiem -acts 92 include
mul tiple individual power _.contacts, and ground contact arr jyn o]
each power Pt Wrﬁ?lm?ﬁﬁorbéé Hl,"hﬁlgs Ef&*é@?‘i“ﬁ?é’d’“ﬁ f%r%?%fg% gonrg:néegt% 28%% %é The
wer contact.s ' | At SSHEHIRE WY
ac kaé’é)wbeﬁCo%ﬁ%%%?%raggw&{%g@ @Fﬁaﬁqugse{}?ﬁg%gﬁneg%lﬂeo\%{ ion relative et o]
the semicaadycHRICP2CkA89oker cobthdis 97 & abigladraa terpieomuctor dixsEB (@iot
manuf acturing of the sem conductor package 62 and ease of connection to the
pover stewhpkicsted 2nsiddl thesenaivondaicior patkagp 6dePrefuahindhe clgotricaldioupkngbstyresrny

have different elevations relative to the seHi cqonduct or ackgged 62 to
accomtbepoweneoniastsd2 aaddhneapicongluston dicdsr st MRS USING WYSH AP IS LENSFED A

il h i . / h

| ocat disnergell e iR et oL BRTRIGE Loveih Jorah s A R EPu g o2 ket ”

g(g ntaghs e? g sﬁ?edt[h% tﬁe@%ﬂpc‘f@ﬁact LAG IR httafcduPling PettReN telpdtveP Béhcts
rfacecof 1 2 by a

€ sem corduct or package 6 _
92 and the semiconductor die 58 is heavier than the electrical coupling between the signal

contacts 90 and the semiconductor die 58. This construction advantageously permits more
current to be routed through the power contact 92 to the semiconductor die 58 than through the
signal contacts 90 to the semiconductor die 58.

25 The power contacts 92 may be located on any side or all sides (i.e., top 68, bottom 70,
sides 72 and 74) of the IC 22. Preferably, the power contacts 92 are located on the side(s) 72 of
the IC 22 to match the preferred location of the power cormection 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
30 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
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predet erm ned hei ght 94. The predeterm ned height 94 of the signal contacts
90 and/or the power contacts 92 may have any val ue and may be different on
one or nmowe® sidgwsof the sem conductor package 62. Pref ermalyso2sém3val ue
of the predeterm ned height 94 is appropriate for 20 m croprocessors using
pl ast i 1 " j TKBGE ; er ably,

t he v:]i agfh&ﬁ@[’%‘%ﬁe&?ﬁg efroﬁ‘lde ggBﬁvglyg}ﬁnﬁgﬂlsg?ﬂgﬁgﬁgﬁaﬁgl contlg%ta tslg%g{eand/ or
the pRYREr CRdcBCASth fop 68 oftthe1s apeigatticahily faddes tinf fotdeepes eighalandtact per
package 62. FIG 8B illustrates that the signal contacts 90 and/or the
power sqant ach alod tiar B-akis oatteebotfdou 30 ofiheACt2Rdesamst eshoerird fogatsaegdeds2. | n

this case, the signal contacts 90 and/or_the power .25 cont acas 9f2 ai(f even
with When ghe signal gentagie ¢ ang the PeWRT eist e g1 @roppepits siges 9the G r at es

Sarti %1 FOF BOBEL RS TUBRPE BoraT B raone ok 08 Fo ke Pty
sem ¢ 9&%ﬁ§%1§{, t%m%oﬁgcts b5 irg:lﬂ%& Iﬁﬁ’iﬁ?}ﬁ ihfGidRhIGR A er c&ﬁﬂét@ﬁl%cﬁg%ﬁn@@&ﬁ@d’ts the

power ~con S are recesse el ow e outer ‘surface of

sem ce&%@bﬁainﬁa@ katio62r Path and pRAUAH Patl medbstritied MittOGferdive tpFE@et.er mi ned
hei ght 96 of the 30 signal contacts 90 and/or the power contacts 92 may

have any vdlhegowedcomdactd way havesmy aevatiprrelative ipthe semirogdegtor paskage 62
sem conduct or  package 62. Preferably, the value of. th redet ermingd. - 37 WO
03/ 028udBraberpblysthiey 30 havs the sy, Flewlqnsfegtiﬁ? B’ﬁﬁ? %@c?@cﬁ? 8?@?3188 g%‘s ingss
sin | astic.or ceram c. nmaterjals i 62.
@r efg BRsFm gery Stféseo?frflw%%cr edet (Eaf(r)cfr%‘? %%glc%%ﬁ%f 88%8%% 8)% e sl g%gl
cont a%lgne%ﬂoﬁ‘ W{h‘%rl?o%?cd?lgéw 9L ORk@GhSvR2 theSpdwhe cSiREds 9P idlividedliasaphatehe

sem conductor package 62. The recesses advantageously reduce contam nation

and/ ordifitaeRageliohd e lsive fadhe canicandisct@(pabkap bl oo atdommpadaty varions act s 92. The
recesses may al so provide nechanical alignnment or attachnent features for
t he pengincemgeisidorations, drapprapristegnal connection 26. FIG 8D illustrates

that th [ | contacts 90 d/ th tacts 9 | t

| nai de. 1t he b Adets i duscae sottans 0 AreocBEd e Gl B SRR < o0
d/ h : i: L:0SA ' f f th

Bom cantits 06 “Bhien R A5 itE 62, B BB R D e e

cont ang,RAakis @D, A0k HerERee offer bdiacs 0 iRl se@@dhaghd PAtkagersd/tgra t he power
contacts 92. The |IC signal connection 48 includes a signal package

i nt er fpektdBinedlivtels i9gnahe prediiegrined htight Heef thOsighal centpcts Ppend/por | el C e
that permits the signal contacts 90 | ocated inside the segg conduct or
packagentetsta? mpehaveanyivalie apdmey b siffeentacop ohmoee NdesAidbe SHsoHEciRe 15

sem conduct or. packa 2. The signal, package.i rface 10 y be forned as
a sepdPakagelar tPreﬁléFag&’ ﬁl?eva-%r‘?rﬁ@&%ﬁﬁé?t%?mﬁg‘gﬁ%%}gtggis e OQrﬁag%ﬁ%ec hani cal | y
36" nedrn%c?oﬁr@c?es?o%?hﬁﬁﬁ' Sfé&ic% RALKR I aterials for the semiconductor package 62. Preferably,

the value of the predetermined height 94 of the signal contacts 90 and/or the power contacts 92 is

the same on all sides of the semiconductor package 62. |
FIG. 8B illustrates that the signal contacts 90 and/or the power contacts 92 are located

flush with the semiconductor package 62. In this case, the signal contacts 90 and/or the power
25 contacts 92 are even with the outer surface of the semiconductor package 62. FIG. 8C illustrates

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

corresponding indentations 98 formed in the semiconductor package 62. In this case, the signal

contacts 90 and/or the power contacts 92 are recessed below the outer surface of the

semiconductor package 62 by a predetermined height 96. The predetermined height 96 of the
30 signal contacts 90 and/or the power contacts 92 may have any value and may be different on one

or more sides of the semiconductor package 62. Preferably, the value of the predetermined
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62 using various nethods such as insert nolding, over nolding, snaps,
interference press fit, adhesive, and the |ike. The separate part nay be
formed of wiahis/esnye or a different material as the sem cormiuctsee/3gmskage
62. Alternatively, the signal package interface 100 may be forned as an 20

| nt egy %}f’c%ri% ?.é{l‘g i&ﬁ ?&rﬂlﬁﬁcﬁ‘) Giks Qﬁilcqg' cerniific RlafbHials foAmkage interface

100 i &FP0d eac I gure as npl e bl ocks for the sake of
clari Mm&_{dﬁ%}: patdage 60 NPreFirallR tho aglkagethepialefermincd BGightd of the signel one or

nmore individual “signal package interface 100 corresponding to each signal
pat h. cohetasrhaiioctat pawer @ntctsidathefsere wnedl sided of Hhersamiconieatoraackese he
signal package interface 25 100 depend on the type of. signal interface
used, 62asTldwsapssenadvaatagemisly radnce goptarnatipn agg/gr é%lﬁager@é Fheeﬂg F%“?a“gs i

G, VR L. RS Pl A P i, ockoge
cont ag 5,90, P QG ORE Sl ibed i 245ARMN Sohirohakes acequi red | or

capacitive S|§n trans : e second side of the conductive plates (not

shown) is prG.td1eilRikaics thadthelsh@as@mtRaidusidor timpdvageofidctaf? arelpcdied
provided on a PCB or 30 on a connector. The signal package interface 100
f or ninside thé seconductorpaekaga b2 hbvihisgass the Sgnah\erarte I auhoby PeIseD/ 30593

appropriate dielectric constant to_pernit capacitive sjgn ansf er
bet weentadie 9% aigdlisnasedingids aa smepurficy ﬁgh@ SHENAC Gu‘ﬁ?)rﬁ?a{iiﬁ%eizemseq uenci es,

(ot PERmen iy ebrigre pauun R oAk fiod iy enbBDRtg SRR CRERITR)

| ens. i 1 ignal contacts 90 forman optical 5 transmtter
#Rr ontadt§9> ; :
and/ o?ﬁ@%}@%?f)cafg?necefver. The signal package interface 100 formns the

optical |enpelO sighbsuigkctiondislindledessi gval padkage nterfaoe DG The gnal padkage

t hrough the sem conductor package 62. Alternativel t he signal package
i nt er imedack000nmgny typmobmterface that pernvisdke dgnal semtags g?. lesated Ingigpsthe

sem conduct or package 62 toealperm't t he sj

nal co%ﬁcti n EG {h%rrred as
opt i c&smicpadycior naskage 624 CReAC VL the signg %’&?ﬂﬁﬁt{‘)ﬂ geatod qutsidle the ansmi t t er
d/ or the i cal,recei ver Insi 1 L t he
e orhsratiaReRts G dFeslil ERainlsiacdiod Aplh ea L & Segkt Ve
anot Ngf,, SXAREGmdfctbf ﬁd&ﬁg&@ 80 théBeHanithlle|d2sel thYiRsseaficaidgaat packbes f ace
may require that the signa package interface 100 be fornmed as an

i NpedaNGRINFRLEBLSgedR s sech a8 lresett Grqidings oveo nvdding,cnapssinterEirente rass Sibwer
package interface 102. The power package interface 102.is anrﬁ tl)izgle %}‘l
i nt er adbesitehand therlikier The lsepapaiopart 195 s Eergned oI acspmer j2lifferent e 4l as the

sem conduct gr package operate with.th ower i ed
ot si dBIRBAICBREBIRIcE o 5 ABREGe TS SETH A aRe s ER I C kY B et B
E(? f Orirrllc%graﬁs)ar? of AR OnB@tdr }IaEIQJEetdQ.e The signal package interface 100 is illustrated in

each figure as simple blocks for the sake of clarity. Practically, the signal package interface 100

may include one or more individual signal package interface 100 corresponding to each signal
path.
The mechanical and electrical features and characteristics of the signal package interface
25 100 depend on the type of signal interface used, as shown in the table 84 in FIGs. 7A and 7B.

For example, a capacitive type of signal interface may require that the signal package interface
100 be formed as a dielectric material. In this case, the signal contacts 90 provide one side of the
conductive plates required for capacitive signal transfer. The second side of the conductive plates
(not shown) is on the outside of the semiconductor package 62 and may be provided on a PCB or

30 on a connector. The signal package interface 100 forms the dielectric material having an
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sem conduct or package 62 and then nechanically joined to the sem conductor
package 62 such as by insert nolding, over nolding, snaps, interference
press fitwoashesiose, and the |ike. The 20 separate part n@C1esSokoosved of
the sane or a different material as the sem conductor package 62.
Alterpatively.,.the. ' ; jted egr al
part iboHe ittt i SlenP B ERE st IpRa iR orecn BlaTRHI AR DI,
i Il us hevi bi9ME Gre@fencieh, Wb RitklegCdts for the sake of clarity.

Pr actigiésg%?ﬂs,h%ﬁlggglgbv@r) pack%éee i nt errfﬁlace 102 may include one or nore

i ndi vi dual Fposeimplecluageicilityer dfatmaldierfaoe neypequiiertpt the @gedh paikggal pat h.
The 25 nmechani cal and el ectrical features and characteristics of {he power
packaterifaved P bedomaed asapeptical denst A this prse.ghe pigpalsantgets 0 formyan power
fromthe power connectjon 24 to

he. 2 i 92.
O B O E U A 2 Ok e ORGP o

1 us Eﬂi%ieprﬂgglﬁgteﬁ%g %g%qémﬂidhﬂrﬁ Ak }1gl§tv&%§| gg{}%%ﬁc B bdthigodduibr PHoka8E 620 f the

Fi gur és™ ey be "combine _ any om anot her of “the Figures to
Provi dgeMivER! B1eCRsHAl palkh@inteptacd 800 by Sornfeiie dX@irphéles thtendisg girangh
contacts 90 | ocated inside the sem conductor package 62, as shown in FIG
8D mayhdxemicBAuiiBr P3AZS6D o REMitWEO a0 508nection B, fetned astoptipd fihstse o be

contacts 92 | ocated outsjde, flush with, or recessed in the eJ[“Ei: n?uctor
packagechanically alignaf with the egicabyansgptergdisr the opdisal cpgelver Jusidey tg%. ég BB and

9C illustrate.a pl i the |G 22 i Fl 8D
fha Fries ahSngih M Sremaiond brbhiel 56 ey 4R Dl ek P B Py allind
the top, & ﬁg:?ﬁ'aﬁé?ﬁﬁ'ssi n ifle 8NHrQbss tSéifns)i%Tégjnté&%@%%iré‘@ﬁﬂéyth&fthé §18ndIC 22

represent he package design s 6 In accordance with the preferred

enbod';paa&tgsirﬁérfa&elw&%ﬁﬁedas\a@nﬁipemcmmtg ddvicehe three figures, the
signal contacts 90 and/or power contacts 92 are represented as equally
I

spaced squattedCfmwericbtmestioméé melydies ppewsr packsee imerfaed W2t The pewer RackIes
contacts 90 and/or power contacts 92 may have an roprjate size, shape,
t hi ck meisefacedi 07als any yposif interfacsdhat p ] ePH@%“ﬂ“&%&Z"?@H‘E&# mFﬁSﬁieo si gnal
ntacts. 90 .and/ or . po cont act 0 [ 8, bottom
g and?@?cong’i“g@( gﬁck%e\l@ Lo 9R8T e@x@i %%rpg&f egggm%ﬁ?W%fleogétﬁ%ggﬁs%%f that are

Wi t hi ek specification. Mre particularly, FIG 9A
il us??ai@g&tgﬁgle?opa%B of the I1C 22 being available to carry signal

contacts 90riRPHwr pRERE iterficad 08 ny. beHbitned d debarsterpattémom the bot t om 70 of
the 1C 22 being 15 available to carry signal contacts 90 and/or power

cont actsi@ddudtor pavkage 63 end then wevhwmicstyijeinest torthe sqmpisendyetor RYEYLs 6?2 Suqhe
signal contacts 90 are | ocated on the tbottom 70, tOf the 1C 31?2 1.asv,lzl}hown in
FIG 9Bbyrnssrt meiding, gyermeldng, spaps; ipigyiareneoprgss fithadhepve s0f he ke, ThS o) o to

88‘ rry s%lioﬂgf%lpalcton%}g é formed of the same or a different material as the semiconductor package 62.

Alternatively, the power package interface 102 may be formed as an integral part of the
semiconductor package 62. The power package interface 102 is illustrated in each figure as
simple blocks for the sake of clarity. Practically, the power package interface 102 may include
one or more individual power package interface 102 corresponding to each signal path. The

25 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

30 from another of the Figures to provide multiple combinations of features. For example, the

signal contacts 90 located inside the semiconductor package 62, as shown in FIG. 8D may be
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90 and/or power contacts 92. In the preferred enbodi nents of the present

i nvention, the power contacts 92 are located on the side(s) 72 of the IC
22, as shewosimns®sG 9C. 20 FIGS. 10A, 10B and 1CC il | ust rratreusSwBesi m t ed
exanpl es of the arrangenent and |ocation of the signal contacts 90 and/or

power cqntact 2 0on_one ofr f f : nd/ or side(s)
02" crecitangtc B ety Fan s PRLftal htfud: BRebbiun Wb @Red 080, DL Fop 65 of
the i | ' @hdvon GAFIOS. SIAYBBIang 8TL ABh&ti98yand/ or power

cont aégﬁﬁg@%uff&&kﬁ@ﬁ%&ég%%%s“ on 106 ofAtghe aInC 22 ig alvalyl able to receive a
heat si nk, FreS)1@at, oBrarelaEillustedte b pianlvidve of BedCeRald shownlve FEGSt828Bsi86koti s i n
mechani cal contact with the IC 22 to provide a thernmal path for _heat to be
dr awn8Reng FIGr Hhaying sigdabeontaeis@0 andfp pomeneentaate?? logatedior fhefep PF-PHPEB and
an inner portion 110 of the t f the |.C .22 being available to carry
§i gnal0 swHer-aded{s) B a5PEvelo ‘Ele g@ﬁ‘?é‘?ﬁrgse@ ng fbreéjflg?a%g?ﬁ,lg? F?’és‘%%b? 6et}n portion
108 carries th wer t : A ' "t @EcHLdfAnE BirEd BSurkdle

si gna‘l‘°°8]f§ﬁPﬁecW§[hg%e. prgse?%ﬁiegi%g@?geﬁl&enen% B]%géng vgﬁt?%e%ﬁgc when t he p%l\l/\r/er

cont i affta Shc) vieP BoR&dts 99 Breapesentetitis \Cqudl3/ spaddSfuares for

PCT/ 3@8%}%1593 éé??? er edrslitadotypes of si gr?alaps&ei nt erf\aé?és, as shown in table 84
of Fl BestrAiforandpds oalyc Prasicaliyg the Sgmipdmactsi@ and/orepoyeneentech P2siay gye ar e
conductive and the signal contacts 90 are capacitive. FIG 1%$i | ustrates
an outter appooritiats size, shaprd thigknessndimepsion Rifehy gig. Slenge, thegangdngi of fig | ¢ 22
each being avajilable to carry, si | contacts I acts 92.
1Br ef efigprhpontagls 4 wg{ax Poyst ?%‘Baﬁ![s%o% AR ﬁg%ﬁggééé)é’ 8#? ’}ﬁfg{(’s ht;rand t he

i nner .portion:.11 ' SIO0Abdi Wrhid thefb&pe dtkhe t he

conne 1@8‘% ﬁﬁfﬁ}l épﬁ%;eéljogg%%%glr@gte eqdé%%?%g%&aend rrecﬁe?nigizzeal feeatur es and
char agé@c[ﬁcsdﬁb&_s to provide an electrical interface between the signal

connection 26 and/ or power connection 24 and the IC 22. The connector 112
i s conpat i Mee phttoutdnly, FEG.i%uidlustygestho fopst&efahe 1022 heiag pusilbledasarmy bed wit h

table 84 in FIGS. 7A and 7B. A di to .th d [ f th

ot eseateniiatel-cH) andfe RovieHegts T2 Ce g Pesrdind i Ein SO BERTGC vl e

38 and/ar the d | i it 42 ' ' ' tail

ot ouavSlaRld ey LCRGE LG Po S op T SR R B AR o !

modul 6, 38 es AP RREN SASEONDliiRG: SERRABSANES 2 bahem hoGANRACTED, ab st 0 the
S 5055| I"e; “Ther eby

| C 22 mnimzing the ength of the power connection
24. Myniit ZEortdied BReiitedthe tide(spomef the (0Adeirigmvai2ible forvatnyrsignahtonitanty es

t he i npedance and inductance of the power connection 24 to permt the

vol t age andubatver comahid 22. 38 theretarred vmbadineant ofithe praprat invapEQn, B2 RYVdel i ver

| ow voltage, narrow voltage margin igh curr a hi gh performance
| C 22_contactgs 92 are located on the s%de(s) 7290f théaﬁf‘j 25‘, ag shown 1neﬁb. 58 gh p

20 FIGS. 10A, 10B and 10C illustrate more limited examples of the arrangement and
location of the signal contacts 90 and/or power contacts 92 on one or more of the top 68, bottom
70 and/or side(s) 72 of the IC 22. FIG. 10A illustrates an outer portion 104 of the top 68 of the
IC 22 being available to carry signal contacts 90 and/or power contacts 92. An inner portion 106
of the IC 22 is available to receive a heat sink, a heat spreader, or the like. Preferably, the heat

25 sink is in mechanical contact with the IC 22 to provide a thermal path for heat to be drawn away
from the IC 22.

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

22 being available to carry signal contacts 90 and/or power contacts 92. Preferably, the outer
portion 108 carries the power contacts 92 and the inner portion 110 carries the signal contacts 90.

30 This arrangement is advantageous when the power contacts 92 and the signal contacts 90 have
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The connector 112 may have various forns, shapes, and sizes and be made of
various 20 materials, depending on various engi neering considerations. The
vari ous fwons/o28leapes, sizes are represented in FIG 11 wdriwsokeodashed
i nes 120, 122 and 124 on side 74 of the 1C 22 and the dashed |ines 126,

128 a =y ; [ sudidds and 124

hor i Z%ﬁ{eﬁ%@@ﬂ%ﬁ }08%25‘“51? Eméﬁascggégg Pl:?%{érg nit%%le %%@gﬁ% ?g%}dlf%ssgect 'vely. The
das hegydn#1 Swh@Phe pEikr condictsORsrd bexaastivdaidané bignd eomacts 90 aklcpadiivend to
forma particular form shape or size of a 25 connector 112. Note that the

dashed | i nB3Gar@C flbsstrates arsdutertgootiorp Li2poslem iomdrporivd IdA@dtlE tap ©8teé the IC
interpreted to limt the scope_of the connector 112. F 5 gxegrrp{?e, an upper
part 8% cadhcbeinmavadleble ta ¢arry fighal centpeie 39 éﬁd/abm)@rﬁﬁ%ta%t6§ sErderablyethec 22

y extend only down. tgq dashed lines, 120.and 126 . | al f ing a
ggver oulgy H@F’\?Pé&g Cmﬂw&é’wﬁf ﬁ?lg?cgs %% albcg%le e Poqﬁgiﬁ%%%e L ?ﬁr? S%ﬂ%s case,
t he Cgﬁﬁg&gﬁé 112, formed as a cover, has a 30 bottom surface that is
| ocat ed coplanar with or above the top 68 of the IC 22. The connector 112,

fornmed as @ FRVEr], tHPdOnhettérNar ielt@RApppriatehtecaicdemdiecdhanicaldfeatindshad | C 22
to dashed Iines 122 -41 WD 03/028095 PCI/ US02/ 30593 and 128. In this
case, chdracterisiive¢o provide2n dlastrinetiingesfoge bebween thesignal eromedsianAfrand (s POWSE i s
| ocated between the top 68 and the lf ttom 70.0of the 1C.22. The onnlector

¢ it

112, reompston24 and tiedlC 22vghpe coppackaarl 14 43 earepalid © JAHRW WBCSHFIER of t he
C 22.to (dashe

d lines d L\ _ths case, the connector 112, forned
a PYgdRces g e%&’f@%%ﬁ%%?’r%%@'r?é\tanidrsm?ocat ed coplanar with or below 5
the bott omzQ 0find REnb dRh oA A6 pielerd ikvRRtiSH thdesnsdtot 2 PCB 114,
if present AC%S{tHem%%:[tl %e%%[econneoct oer 112, Por?red as a cover, is shown to

ext endahRrY ety AacH réputifor frodMe3 T dndssr thé dedoGplidtPcapbeitansdidi|ad isndesciileed in
interpreted as being limted as such. Alternatively, the connector 112,

f or me dumiser demdvieiqw.n8inch thefcburdetorili h canrics thei 1§22 the veitagastegplatos gnofnledS t he
IC 22. FIG 12A illustrates nore detailed i}l ation.,of .the connector
12" Poethedscapinesnpioonay Ao idraicd as ot o a1 5 RpSiibs thdpha ™

nnect.or 112 that I.s cat may extend
Bly i fel ol R B Yo 28 ML e [ Bhalb B alepoite
ot her WoifediBRWA, AStufh, GlRinRfes MRCHSIedandedad indu8tahée ddhe powedvosnetivn 24tibe
connector 112, formed as a socket, has a top surface that is |ocated
copl a?@fmmﬁtﬁ&v@fagb edemiutdheodudd 3®and7ar thé dedvapliy Pacifinee 42 tmdrdivenlowl 12,
fornmed as a socket, may further extend up the sides 72 and 74 of the IC 22
to 15 vosgmdatrowemltagomarsin amhigh eurrent éo ¢ high perfpEnanspHedfor 112, formed as

a socket, has a top surface that is.|ocated between the bott Y nd the
fop 68 of (i deensBor HRangohE At iSRS Shie e o o Bad oflafPue h

55 <" B ARRLTF s Mooy dosiold e 1Bandiadf 11
| ocat ed,cQRkRAFIW. 1 0 with the dashed lines 120, 122 and 124 on side 74 of the IC 22 and the

dashed lines 126, 128 and 130 on the side 72 of the IC 22. Dashed lines 120, 122 and 124

horizontally align with dashed lines 126, 128 and 130, respectively. The dashed lines represent

various places where the connector 112 may end to form a particular form, shape or size of a
25 connector 112. Note that the dashed lines are for illustration purposes only and should not be

interpreted to limit the scope of the connector 112.

For example, an upper part of the connector 112 that is located above the top 68 of the IC
22 may extend only down to dashed lines 120 and 126 essentially forming a cover, otherwise
known as a plate or cap, over the IC 22. In this case, the conmector 112, formed as a cover, has a

30 bottom surface that is located coplanar with or above the top 68 of the IC 22. The connector 112,
formed as a cover, may further extend down the sides 72 and 74 of the IC 22 to dashed lines 122
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above the top 68 of the I1C 22. Note that the connector 112, forned as a
socket, is shown to 20 extend beyond each side 72 and 74 of the IC 22, but
shoul d nowdos/n2smver preted as being limted as such. AlterprcarisoeBysost he
connector 112, formed as a socket, may be flush with or inside the sides

T2 A 80l B 2 s 5 Sy o5 PP ol ket st on

a8 "a socke anot her exanple, a

| dd { ] UREmbdes 2 5ves, mes 72
m ;%t\gg’e’nttﬁg{ciptcé’%&g@e%&&ﬁ 78 b2 tleat22l. sreawahatorarno gs a dves, e

and sentially formng a frame, otherw se known as a ring
or bomREs extaidAloRth teRRics MEhet 74 ikthe TC 22 to Hashedlisesc@dendlfe. bothireessar 112,

formed as a frame, may have a top surface that is |lo at?d aboye ;)hia top 68
of t hibe b@uRRtor dil 2 otmedas 2 ¢nver, bps BBotigra swraedhat Tologited sRplanag Wity or helow

By Ao RRgOmITRS (B Bobt-oH U PR BB AN LHAGR 6t BA Tom b ITeht PR B

the 1C 22, 0 e ; htd ZRof &S IC

repr e Sﬁ?wc{ﬂﬁ‘ég’!ﬁc’gge#F%aeéoq'%ﬁiﬁ%lﬁ)%@%?&ggEgﬁ;@%g%Selﬁgq’%o a tgp -42 WO
03/ 028093 Sl dRAHIRRRRcted HY baselifited ResiREB Altbfhativélypthe semtectoF 1 G2, 12C
illustrates a nore detailed illustration of the connector 112, formed as a

f r aneformbe a€a tovee emey deflusgswish ot inside dremidessi? and T4 of et R2asF16- d3der, a
frame or a socket, illustrate exanples of the various forns, shapes and

si zesillubmates hmorodefaidedillugiiapiop gh thespaneck@ytld 2, HTPALES 3 ¢ Hescri ptions in the
exanpl es above blend into each other, For I . rLot L t he
Gover. br By whats Pl 2etoogH Bria sranrsan Gt MRafg Bty 8Busin {10
frame.bl ends it Pt . MR, foldips @ sexladtpl es
il usﬁ?gf@w?ﬁ%i rﬁ%%%%‘ﬁ@@f%? P&l§%ﬂ%(g§}n%s294ﬁaggg? ggsson aﬁryfoonegor nore sides

of t hgpkGyid2kndWh RONEuDEI prkét] Wide thetlQ 22N dnithib uaser tht camektor FI % fotmed atre
connector 112 may have any suitable material including, wthout |imtation,
pl ast ksuket, hAs Aeipurfasathatiajodatedeonlayarswith abbalow e beattory TG ef the 1¢ 3¢t ddeng,

Connecemectos 11 e as0abcBRA ey B0cp] W TG UTR T SHGTS BT 2P Pes

i at e si | t t h t
(¥ Ph Bl o Ei0n T Jhofia RGP AEVRUGE T IO S AIBRA s AR LRt ©
res peﬁ%\ésellogatec? gét(x}egﬁi tl@@ohgfél 70Gn@%he ’to@‘| dresrigd I(ved. YThe dveneaniiaet rnikd2s may

be fo as a circurt board carrying the voltage regulator 15 nodul e 38

and/ oy, shhe desPHIMHenexteRDASIt sidee72 and 24 obtholA 22 o BisGed linesi@Pend 126. In
Alternatively,” the connector 112 may be forned as the decoupl i%%; )
capacifiianase, #2 cohnetdrfl12hfawiedasmsdcketehass top suifarsithal ariocaled Genlata Wi s e

connoabore (e somat o bbet e dcs a1 SSBRBIY Lo radraieop R T BRLIG Yy (e

L o8 RS AP S Renasb O e og oy e
such. Alternatively, the connector 112, formed as a socket, may be flush with or inside the sides
72 and 74 of the IC 22. FIG. 12B illustrates a more detailed illustration of the connector 112,
formed as a socket.

By still another example, a middle part of the connector 112 that is located around the

25 sides 72 and 74 of the IC 22 essentially forming a frame, otherwise known as a ring or border,
around a perimeter the IC 22. In this case, the connector 112, formed as a frame, may have a top
surface that is located above the top 68 of the IC 22, or between the top 68 and bottom 70 of the
IC 22, as represented by dashed lines 122 and 128. The connector 112, formed as a frame, may
have a bottom surface that is located below the bottom 70 of the IC 22, or between the top 68 and

30 bottom 70 of the IC 22, as represented by dashed lines 124 and 130, and may extend to a top
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20 considered a conventional housing. The connector 112 may have nechani cal
features (not shown) that permt the connector 112 to be aligned and/or
attached wo @rasdeer structure including, without |imtati agr/tdee/3ei98cuit
board 114, another connector 140 (illustrated in FIGS. 13 and 14), form ng
a cover, a sQ@c a | : r - Ink&-thd he

mec haPrRes 05@8? ﬁ%giﬂgprs%ﬁﬁﬁég gggﬁ{sfsg%g%s%t%a%gre ttag&g%h? ﬁ%t%dn;cff é[he;t tached to
t he C%ﬂ&[ft&?hzl%&ﬁdés%t%@' ly formed with the connector 112. The

mechani cal features include, without limitation, pins, ridges, posts, pegs,
bunps, andrhde thick exargpteofthe gormeyton i1 2y fernted asarceveyr frapeor afsoekked connect or
112, and/or holes, recesses, troughs, and the like exte ]&isn i nto o%e or
nmor e Blustiate esaroples hithe yaneustiorms, f‘gapeﬁrwéd ﬁﬁ%ﬁﬁhﬁitbf‘a?omé%whr Cagféyf“’e-f b

fasteners thengel ves, such as sna l.i.ps, ;and t L1k . erate
G th Gepite deeTaons gt b eranites v plent B Rav Qhvn i e e SRBEEE™ 71 5,
WO 03/028095 PCT/1JS02/:30 Lo ' j 28 At PAms PRnOOHES
conne {)tﬁgﬁo‘éeéfb ?nedgg‘&éélferié?:émd&%gor%ﬁ%?ﬁ%%?ggﬁ %/ésfz}gbl}%l ed to the cgnnect or
112 i fﬁe%@%ﬁéﬁiom RIS soRBet! PleAbd, Bibsé Beangpledidlusteaathactht comtBtor dh@hoty Hehe power
connection 24 with the preferred and/or alternative locations on the |C 22,
as dpeekil badngbaver mbhesiddsgriahe b2 edthoohbeiae bmitedio thadlystakion Bdikeddi on
24 may be formed as a 5 conductor (116 or as.a PCB trace 118, .as descri bed
above. Whefthe hennsictpmdl2 swHHEEe Wuﬁebléﬁéﬁtwi inclgne, Wdﬁﬁ&%ﬁ?gﬁtlﬁp St or med
as a conduct or 16, the connector. 112 PCB ! toaal |oor
iy " bBeT RGPy 16 s o Spptranncare Delngy whih Flilh, R aatusT, | P
this case n i bdsf £HoRenditive] flastic indteridiend C 22
and f815n?rﬁggglgcﬁ%%b?)g%ﬁ&li%alt%ﬁgﬁegg?rlig?%g@si gn%l snand1 thﬁe1 plgwereto the IC
10 22 caiibs qulﬁoﬁ@ﬁe isFenBll REEBEs (At shoRH) a1l pdver testhanthanbpeatabiithithy for the
connector 112, then the connector 112 may appear to be somewhat suspended
abov e cthepohdiagisignabamthcts Mfeandipowier torfads 92, raspeciivplib eartisd &y the Hotd-e t he

signal connection 26 and/or the power connection 24 to and/or from.the |IC
22 usiMigmatizelyoherenneséort |l d sray berfgrmeghasp qlwltéop&ﬁmgggﬁg voliagg r?%lﬁ%[éred, an

R e i e e o R e

board 114. b J 1At BEdRB BN ikct aZatseld IReingeaintegenl bot t om 70
of thé:mflﬁcg 13%31&%&/%03%%? t he ci ?cu%%a%%%lard 114. The <circuit board 114

may h%&ﬁaci’tﬁﬁéeoéﬂﬁlchif@.%hésé twie alhanatbab afeatseribed in further detaidhdbor Altasnatvelhe | C
22, the connector 112, and/or the conductor 116 i ncl udi ntg, W t.houé
i mi t alhé amnebtot 82 mapbe Semd aapd assembly ofdiscretp aartsRreridmedhe fypcigp gEMs: o

ith di hani cal t th | 20 stk t
s s pitnen BEVHSTOREIE S CHETPTAbe rup s gt oA BO A Wb T

M) ke tc(c))nsidelred a conventional housing.

The connector 112 may have mechanical features (not shown) that permit the connector
112 to be aligned and/or attached to another structure including, without limitation, the circuit
board 114, another connector 140 (illustrated in FIGS. 13 and 14), forming a cover, a socket or a
frame, the conductor 116, and the like. The mechanical features may be formed as separate parts
25 that are attached to the connector 112 or integrally formed with the connector 112. The
mechanical features include, without limitation, pins, ridges, posts, pegs, bumps, and the like
extending beyond one or more surfaces of the connector 112, and/or holes, recesses, troughs, and
the like extending into one or more surfaces of the connector 112. The mechanical features may
form fasteners themselves, such as snaps, clips, and the like, or may cooperate with separate

30 fasteners to aligned and/or attach the connector 112.
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align and/or secure the mating structure. The interface 132 may be used
al one or in conbination wth the connector 112. When the interface 132 is
used i n cwobisagioon with the connector 112, the connector PChi2uS0g/3gm9ef er abl y
formed as a socket or a frane to help hold and align the interface 132
agai nst t h?l“ﬂecsi%lgal chiheb S @amdPGIRe pbWE dofh&HibA2S ake3dedtBcdigGaiied in an
i nner portion of the connector 112, formed as a socket or "frame, wth the
socketmethahicaliy céuried toghaconnedter 1 [Rointsicna afantdres aoalipachesighdlZoatectiba 26

perinmeter of the interface 132. The interface 132 may be formed as a

separ #nd/opdhe pawerponkrstipc24 withthe predeyred ang/or pligrasityedpeationhen the 1022 8s a
single unit. en the.interface 1 is formed as a sepgrate t from the
O 9o epipitabers oL e Fepepeors b et PowrrnescBoB g i ARamel T ¢ he
1L 22. i r } ormed as a separate part and is
ssgpar &ogﬁﬁétg%?ﬁ%rqs%%ﬁﬁeﬁgl%f Sg&?%ﬁ%er dgg‘éé' 132 is integrally fornmed with
the | C 22 awhan Shd ikl bitinketidn V8 dudttBE hewsr chbarediBY 20 @rd PitiBdlas® cdrd@ctor 44 WO
03/ 028095 PCT/ US02/30593 sem conductor substrate 60, as shown in FIG 4B,
as t hells| the ohnédier e BOBdUdtmay ydbleagal 42]1 casaydeased omly Eé povidéC and 8D,

or as the PCB 64 or 114, as shown in FIGS. 4D or 4E, for exanple. The

i nt er fragchan®al sigBilityafesthy conpactory 13+ Insthigrase, dbpicognecier Hgniebe ennsislgradrasm a
vari et f erial.s. ,Various shape the interface 2 as 0 or as
!t i thien B edke g g bintaRRS EiEhat il B Sty fackiafveRtadBIC G ¢ he
b ke, At { bnw "hegnpto have a
%)(?il’j[i czl?lngﬁ@%@;ﬁﬁﬁﬁﬁgﬁrﬁg&%@ﬁ? los:[ahé r{{ﬁ‘jﬁ%ﬁgmg@%l%& I n(I:l ude

sol i dsoonhiédtbdB12 ﬁ@h@fm B VeSofewlASRSpenddNEbIvB LIRS diRkit®oatdne i nterface 132
may have any | evel” of hardness including rigid, flexible, and

conpr essi bl Ehe tintuitrfoankkl 4182y bdrated 4o eoutd theisignel cduentiva géaudloy theepomier bet t er
conpliance with 10 manufacturi ngﬂv_ari ations in the |IC packa%e and/ or the

ci r cuieonpestian 2hte andiqs fremdthe fC 24upinge da ¢rndngiive tiacesohks. afhen Bgcirgpkboard nay
be desjrable 1o adjust the characteristics.of th material. such as .the
i el ek 2 ugeshap 3k Splienat S pilePROSH SrianRb B B vl it

e |] ' ; | ) tihPliRedrRyer s
R s A S e R L el
a | ayermds hotatdd vepwépphOBstbm A0 8PHRYCA2 ahd tvetop vithdepesit bestdappr @aeh, an
extruded approach, and the like. The interface 132 maybe forned of the
sane natcaititelardt 14dingy bavenerioes ypéssdfomedbanicildeaturse toofligni anflor sepurgiliedeiZdl s, a
first material fornms the carrier ]g.d a seco}rﬁlj 1teri.al rms t he signal

f
and/ orthp ekl 2, apdlor dhecomduetnl by ingluding oy Pﬁ@tlg’ild?‘i’i S, LEHGEE Pdwer

0
h, D hed he fi ial i , fit,
hser « PRdiena HEaRRafedoPoield Vi ofFRl:hioe i Bffices HuBbERRe 1o,
bie si GhaturE 8PHAELS RParfe HPnetd SudhONDinsC RRERE be2 sittps, dWps) fad e liRe

align and/or secure the mating structure.

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

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

30 the interface 132 is formed as a separate part and is separate from the IC 22. When the interface
132 is integrally formed with the IC 22 as a single unit, the interface 132 may be formed as the
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correspondi ng signal contact and/or power contacts on the PCB 64 or 114,
the conductor 116, the connector 112 or the renpte circuit 52 may be
arranged wo @/oesmwsety of ways. For exanple, the various aaTarsyesesss of
the contacts and the interface 132 may include, without [imtation,

cont a b Sifatd 86 ﬂ%@?@t . 'nsetp bR @& ipackBetgf ace

132 tgéné%gltl%dé%&tsggl ntée.é(f’gge 2 fzﬁpﬁ%téer ggiggf%gh%tso }cnterfacpeacl%, cont act
t 0 i NERSHREEFTER24Cnill 8DS bf &GRe PEB 6400rdqA] &Cshowa el FIGS a6t 48, doy ¢Xaaiplace 132
to contact to interface 132 to contact, and the |like. Hence, the interface

132 e eerffareridd may tkea vaiay oSshapecandsizes hed b&fz@ed BOm Svaristy afi4, t he
conductor 116, the connectar 112 or the r%m)te circuit 52, or be {ormed as
an i nfwterjaly Y anonsiskaes ofthednterfacy 132 as@nghole ax asindividugkporiions aynmigiude oy
type of signaling,.t.ransfer between..the .| C 2 n I i 0 52
Shel ubig: g%"‘f%ﬁ{lhTSf#‘.atSﬁ?ReBﬁl}d'@ueﬁléfe’ea-%gr?g%ﬂl%%r r"?éﬁ?&é' ﬁ'é?%f%n %H%{é?‘gl lel,
diffe ﬂﬁ'in% i miderential parallel signaling. Further, the
inter%gce géégél&/o?&?ﬁgmgﬁh al contacts 90 and/or the -45 WD 03/028095
PCT/ US02/ 3Qb&arialRRvsiti&sftiacintrOde B3Xmay enoliakisghidy fluidlspistes] gots @l gastst i cal
engi neering considerations including inductance, capacitance, cross-talk,
pr opadat interihé lofithe istcefacai® mapkaieraog levehef hatdness melmdirgrigidyflexiblerandt | vel y
be used as an_interface between_ the I C 22 and_the 'ﬁ% ductor. 116, .t he

conne&pEpressibles dateafaetside thatareflegiblg adyamiasgeushhpeiatt betierearapliapee Wil h 5

eference.to interfacing.t he., cir.cui 0 - e, | rface 132 is
LQ) rpat tERC Yaﬁlgﬁeléﬁ'lgél&egld Qaflﬁéée agwotsriﬂgen%fﬁln#go gl}dflggé%ﬂﬁas]t&ed intable 84
as Sh?ﬂ%} [ Tn 66m@ Rfp{Btiofs0ft rEPRE Birat Ry ladjhke thel dAhRELASIE s bF2hd S
conpat i uga{&vu\ﬁn%t He conduct ilele’type of signal ic%t erface, the interface 132
pr ef emgdibialf WichBs thodislectric ueristang, ofeliecinicaface 832 ysimmtempbtatyrk, grekissierarttiee
conductive segnents that correspond to and ali ?n with the | ocation of the
si gnallikeoThaiterfe® 3Ranahefovnethat 4 singe o thltite layers obpaisstal yeng ype of

[ | interface. Wien the jnterf 132 i tihl ith th iti
Yo BRGHEING oeHRiEs M PG HOBOsS A B Sy oGP AORCRt [
terial iLng. i tabl =Y ' ' I
[F cactarmnoe Died BbER, fofhfel abirbferf BRFUBTA ST TSy be

pr ef ergghl 3 SBHE sfhe Mtedal biiERMl HetcANS. Bi ghe cade dfidefeandiabials aies es
neede or capacitive signal transfer. The other side of the conductive
pl at esnitend] fotmwuhe canigr dndesqeond/ imdediabforik theciigraliand/drfowesa pathl The sypad t he
interface 132 is conpatible with the inductive tqytggh%si gnal interface,

the imateriflafsmimpthe signakzagioy ppweniath, Moo EGR bpteraigy 3G suc

i tabl det i t hi ck .. 1,n Lt hi , the interf 132 id
. optF P St O b B B LR T WETRE enont (not shown) i h the ¢
g@ and anotf rin?e?ﬁ%'?%i e s?%rgaﬁ@&ta&g'% ??cg%‘@%\‘pbﬁeﬁon%@t N6 GHeTCUI R add

oard. Wen e 1nterfdce I'S conpa th the optical type of signal
i nt er f@eRspdnldfhg signal contact and/or power contacts on the PCB 64 or 114, the conductor 116, the

connector 112 or the remote circuit 52 may be arranged in a variety of ways. For example, the
various arrangements of the contacts and the interface 132 may include, without limitation,
contact to interface 132, contact to interface 132 to contact, interface 132 to contact to interface
25 132, interface 132 to interface 132, contact to interface 132 to interface 132 to contact, and
contact to interface 132 to contact to interface 132 to contact, and the like. Hence, the interface
132 may be formed on the outer surface of the IC 22, PCB 64 or 114, the conductor 116, the
connector 112 or the remote circuit 52, or be formed as an inner layer thereof. Electrically, the
interface 132 may support any type of signaling transfer between the IC 22 and the remote circuit
30 52 including, without limitation, single-ended serial, single-ended parallel, differential serial and

differential parallel signaling. Further, the interface 132 and/or the signal contacts 90 and/or the
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interface 132 preferably forns an optical transm ssion channel, such as a

| ens, adapted to carry optical signals in the formof nodul ated |ight
waves. Al werosaesosel y or in conbination with the optical trcanssRs6i98n
channel, the interface 132 nay be used to align and/or focus the opti cal
signal s bet nobhe. .l C 22. t | L1 : s’lr% : 8o LibR ihohembace 132
i's cé’r?ﬁivﬂFB]?V%&W?ﬁng%ret(ﬁeelgﬁgcgtr?s%%gg%%ﬁy‘}%ﬁﬁ%?%gg 0 Cgl}{!glnalali ntlerfacg, t he

i Nt erf 368ank3 2 RhEtAA s i8lk rofagatian 8lbp, koW and imgedandeer f ace or channel to
pr ovilgg&?or ’aagr oper i rrpsedancn% 1?r’?algttach beta/een the IC 22 and the circuit
board 114.TMhaterfdee 1821y hitenathdly bsuwdmpah insbfacsibetweeh ¢hediG 22 auktheype of
signal interface, the interface 132 preferably forns a radi.o frequency
(RF) whdnetet 1 H,ithetsinaestor 1 1@andyanpiger Khin qurnaloghus mppngpag fesciipedith o t he

circuit board, 114. .30 The interfa 1 N oopgr.ation w.th.: ge
desi gistesgusedorinteriaciag, %\ﬁ‘é%@%?r‘fﬁle‘lr %2116 n{éﬁfﬁceogg15??%8*"‘%#%&’&@2@39%’?0 he

m Ccroprocessor 1o i-n . W t j I Atyegrp h

051 0238 LI A8 BIRE i R s SRS R HLNGS, TR T B0 ik bxamee, Witn e

f or mi e 881 8 RdniyfatiBRII fh coRitivE8pRaE kigad indfadeythedytetfeca 132, f or mi ng
conductive plates as the signal contacts 90, together provide a capacitive

type gbfepitgnddmisd worfcanductivempteris] caying meltipbsdisweta cen Hve spgmeatichaince,
assocliated with the conductive interconnection between the iﬁ]i%gjzi Oﬁﬁ%um or

di e | cwrespehd tsindaligh avithi the lpsatinnealdhe signal kanippis SRdaas areoRIRgt ni zed
i itive t f_ signal interf High fr. L OF

LT g ORaSAL U Sl i b RS AR e ¢,

path ﬁyﬁ%@f SERARbRIEE tnd lﬁger%gér €4 },:)Tlrgfér&flyf s 3 d@18diric FAREHRI hdvihSa suitable

const XI M zés nce an m nimze the cost of

i Nt er gRRREH doABaheafinoheaylc peidteainRd Miekeshi Ilthis peethdisiinhbéontaogm() are
designs. 10 FIG 12A illustrates the connector 112, fornmed as a _cover,

wher epieférbisly aerieaxnastal kd Prdvids onsisite qf diret condhetivealatesnpeded/on gapagittyesigral 72
and 74 of the 1 C 22, has an upper rpggrt th%{?g\ifﬂi | ocat ed ].gb&)vetthe t(%p 68 of
the | Camder. Ahe ather sida oiles copdpgtiverplates @of aropd heprayifRd g the oy o

bel ow thg Eottom 70 of the IC 22. Preferably, the connector 112, fornmed as
B covbear ddfrounds all four sides (72, 74, one side facing out of the
page, one gj 2l IeN&9 ; ' deBve Bme ThSigAS iseres iy 112,
formed as %@fé??ﬂt?gaégggg#%%\%ﬁ)e%ﬁ%trlﬂeehlﬁ% 22 :?yg rmuﬁltled directly on the
PCB  itdrfade! 180 perdbly fosink ahescoatueive vadténin huviagachitdbiepedst@2yined shown in
FIG 11, located in a connector 112 forned as a socket in accordance with
the pugélaresednghisomseygin isteoface HE providenan optigal sepasionhetsycepBeiCPPAV G o5

t he connector 112, forned. as socket, wherei.n t connect or
si de glenest {ne4 she¥dR gy Hhn 23 Fg@ugtzvedﬂamg%?mt 5 ﬂ‘é’nj ](% 05% %‘%]ﬁ%glr a I ower
EOar t g%d. I\%hc'sno‘&%tir?t%rface 132 is compatible with the optical type of signal interface, the

interface 132 preferably forms an optical transmission channel, such as a lens, adapted to carry
optical signals in the form of modulated light waves. Alternatively or in combination with the
optical transmission channel, the interface 132 may be used to align and/or focus the optical
signals between the IC 22 and the circuit board 114. When the interface 132 is compatible with

25 the transmission line type of signal interface, the interface 132 preferably forms a transmission
line interface or channel to provide for a proper impedance match between the IC 22 and the
circuit board 114. When the interface 132 is compatible with the wireless type of signal
interface, the interface 132 preferably forms a radio frequency (RF) channel suitable for carrying
the RF signal from the IC 22 to the circuit board 114.

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

permits the operating frequency of the microprocessor to increase without degrading the integrity
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bel ow the bottomof the I C 22, and has an upper part that is |located flush
wth or alittle above the top 68 of the IC 22. Preferably, the connector
112, formaw @®2809socket, surrounds all four sides (72, 7&CTove®280398 facing
out of the page, one side facing into the page) of the I1C 22. Preferably,
the c . 1 i : d

I T e e T
112, fdesighdyaemal 65 aleig condudiBieailated & thukighalldagtacts 90kekether ovidetl y nount ed
on the PCB 114 and the socket carries the 1C 22. FIG 12C illustrates an

el evatdaparitiveetypeof siignalli@etface. ds thikoasa thewerisi@nceldue td ovlicdced, assaciatedrwidet or
112 fornmed as .a frane in accordange with the preferred enbodi ments of the

pr eserthe conspgtve Briercqmeptionketyeqn fhe pepisendugtor disqetedmsifie she migroprgeessory

L L % 0D e B B B RS, 25"

ocar P SR Eo iy B B R A S e B R R i T ' e

top 6&oafpréMssel theddiegrityeofasgiged OHeAds? thif o6 dctivh rAaxfimeiee thd Ferfoemneafdecindl
when the 1C 22 is directly nounted on the PCB 114. FIG 13 illustrates an
el evatmimimizedhe ofst ofimtdr@mectiondedmolagyinsedtoachieye hightspretidigtalisignal r enot e
circuit 52 located in a connector 112 or on PCB 114 in accordance with the
pr ef erde8@1S-5 enbodi ments of the present invention. The renote circuit 52

Lncludes a i recult.. Si I n I i wer
Brnect: on 55 2arupEb g baBtes PG Tl AR el R ERLE 1L 1BE),
connect @I paAAGnirxfndRR$&H QBh §a6 72nd9k 8f ﬁie(iQSZZQBastéﬁle?gf@&ﬁhﬁﬂ it Gotiated 2.

The renote circuit 52 may be carried by the connector 140 or nmay be nounted
on a RBBvd fire. top 68 rof i IE 23, andihds 4 loweRars thghillocated) fhush patkesr a little belasethd 38
provi des paths to route signals and/or 10 power, respectively, between the
PCB 1Dbtter7@ hbthedfvte Preferehlys tiemonmessory dApfosmed pcasqves surrppds alldameddesr

L S s B B aa S| R e
S Ak AL oy 00, ALl R PR Al o 0

si gnaljgonnection 48 and the integrated circuit power connection 46,

respectively, as described 15 above. In addition, the signal connection
26, formed BEG.daRdiliotteateslihtelevatias viewREBhe FG22, 2k Bown meIG. danletaed gi gnal s
bet ween any one or nore of the top 68, the bottom 70, and the_ side(s) 72
and T7epnpectenbl) formed aneseekst 18 gecesdanes mathghe pregeriedsmbedimentsoffhe prteitse,

RN ISR MG R AT T
gg t wee thi &QESttﬁa{Pezg:nQ beydi ch&h 88873 Bfa PPbE QETE 48, Rk aliBRer SADhS: i€ 1ttt
below the bottom of the IC 22, and has an upper part that is located flush with or a little above the
top 68 of the IC 22. Preferably, the connector 112, formed as a socket, surrounds all four sides
(72, 74, one side facing out of the page, one side facing into the page) of the IC 22. Preferably,
the connector 112, formed as a socket, is mounted on the PCB 114 and carries the IC to PCB
25 signal and/or power interface 132. The connector 112, formed as a socket, is beneficial when the
socket is directly mounted on the PCB 114 and the socket carries the IC 22,

FIG. 12C illustrates an elevation view of the IC 22, as shown in FIG. 11, located in a
connector 112 formed as a frame in accordance with the preferred embodiments of the present
invention. FIG. 12C illustrates the connector 112, formed as a frame, wherein the connector 112

30 has side parts that extend beyond each side 72 and 74 of the IC 22, has a lower part that is located
flush with or a little below the bottom of the IC 22, and has an upper part that is located flush
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The power connection 24, forned as a conductor 116, fornmed as conductor 116
or as a PCB trace 118, may be coupled to the any one or nore of the top
144, the bwotdamasd6, and the side(s) 148 and 150 of the rrEMOU®260I98UIt 52.
Preferably, the power connection 24 is forned as a conductor 116 and
coupl es. po tq the side(s),l n 5 r | Lt e
Cha 530 PRE B Be e IaRar Sh B ACs e asuBru g HBbFarl ket lie Benor B, |
an adged, fe3EunSs Wty Sofltld of RWER 1A GS. 1 and 2 for the sake of
clarity of those two figures. Typically, a renote circuit that is active
requi res ppi®n 3finasedtdempdnatiotielewentye Ky 22,assi@vaindFI6&.  &pmupledito the t t hat
is passive does not require power fromthe power delivery system 12. The

| C 22reamtle tinmir Ehivcated i z commedor hidorcarPGB il h insznsardengeavidh thgiorefereht t ypes
of circuits, 30 including

, Wwithqout limtatiqp, mcroprocessor.s,. di.gital
i gasmipedieiesis o $hq TFSHETY N Ratky | HeomERSiioutt 34 ingdss f BFBRIS SRR BRI, 30503

audi o-visual Jjnterface dewvi i [ ARG iBHh PR asd i ve
devi c‘é@nﬁﬁwnoirﬁpaeﬁdsar g %%cﬁgégwig%@ggé&;@?ﬁ %39%4 TT4% T ust ¥ at es
that Lhe PABhIAO K cbitRctof1 47 BRI dhhesRMRord kideghbfithe fepidte Bicuif §7. t he
rennt%agifCU|t 52. wﬁen %he Iésg%¥gnd the renote circuit 52 are nounted 5
on t hehsasmotPERcdil 82 ntah®e chified by ginadonnectoe bl @MmBteanalinted ehePEBEH4. A
connection 24 may be nmade via the conductor 116 or the PCB trace 118. Wien
t he | @nise amchit todPCB signel anidfos ppweninteafage 13bpiovilss pths ©rrgRte sEEsA ,anfi%)én t he

signal connection 26 and/ qQr _t wey .connection, 24 he ia.the
Bondupews:. Tspecsvob, aepen tedat 1 1 8RS ae sudt o2 T el TRUR e
shown) formn ' er t t 1L {al {he PCBsS .
o Thioresineedar s PR 138 HEPCR 13, BeRahbaThSt FihlTobiRch e e
singl &, cqp @ﬁ&ﬁi%owépéonhé&ﬂantlb@ hhte RRupeRdcHaRR terRAE, Gmeiiowsind dpration

Al ternatively, the connector 112 and the connector 140 may be forned as
separ ahfo@aisits it 22)ahe comabraon 2, the intetfachisd, the PEEE hl 4 threintegeted eyt
separately. Wen the parts are nmechanically attached to each other. ny

Si de signtbonpentinactiomdthoiniqEmied aIw ReEYFE OISO U A FepBeT cih e Sorribed or
140. 15 The interface 132 may be integrally formed with the interface 138
s a &P9¥fre interface for both the 1C 22 and the renote circuit 52.

Al ternativel yq4tibg 4 ' f@6€1 1538 as 2 POBYirie 118y ned as
separate pgrrlgl%dlglﬁﬁ’ %E%%E%gcgﬁéﬁﬁgg??’ﬁogﬁfdaiﬁgato each other, or used
separ g{ £/ tYansfeYERRalhRtidhafly 8hicomaciatitiaaiob b 8atht actien 70 pargitbé side@er? ashy
side of ‘the interface 132 may be attached to any side of the interface
138. 20 ofltiidiigLehakd Gy &R drinkars of thedep 147 thebopprnitd, encbthesidstsd 168 ppdi 130 52

e oo oot b & e B 1P S ANSPN LG, o Bl o oo

20 transfers signals between the bottom 70 of the IC and the bottom 146 of the remote circuit 52.

The power connection 24, formed as a conductor 116, formed as conductor 116 or as a
PCB trace 118, may be coupled to the any one or more of the top 144, the bottom 146, and the
side(s) 148 and 150 of the remote circuit 52. Preferably, the power connection 24 is formed as a
conductor 116 and couples power to the side(s) 148 and 150 of the remote circuit 52. Note that

25 the power connection 24 being coupled to the remote circuit 52 is an added feature that is not

shown in FIGS. 1 and 2 for the sake of clarity of those two figures. Typically, a remote circuit
that is active requires power from the power delivery system 12 and a remote circuit that is
passive does not require power from the power delivery system 12.

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

30 including, without limitation, microprocessors, digital signal processors (DSPs), memory devices,
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Practically, the 1C 22 and the renote circuit 52 may have any physi cal
arrangenent relative to each other. For exanple, the I1C 22 and the renpte
circuit Swomyzémye a stacked arrangenent, as shown in frediesozdenail in
FIG 14. Further, although FIG 13 illustrates only two circuits (i.e., the
25 1 CoadiodNshdi ﬂﬁeff%@iﬁgé LSt lidterFade deFlcs, a#%nia?r b@%EtNIe’ﬁé%‘ih@@gn&/Qr”%’Ssilvbm ted
to only two circuits. ractically, any runber “of ICs and/or renvbte

Ci r cuide§iceRy operate together using the same features, characteristics,
functions and operation as descri bed above between the I1C 22 and the

renot e cir Aibteakd42 i the PCB 114 llwsiraestbhatthe BCBvHMY fonthe ilew2ahat brethe sarag oand

the renote circuit 52, as shown in. 30 FIG_ 13, coupled together in
st ack diTePRRIGRAEHS FHacle eBribe OER Flede 2 Anaias TBIRte I R TOUBIed: he

i i .. El 4 sh 4 i . i i
o vodhs 500 BE B Ben BiesSBE Sarl SRS A imalst The SR X LRSS A4 HIR1E ©) [ OU !
con ne%(ﬁiée vidthe oREANNG 612 he BEB Fracd NES. SWHBRtheqOMISMH it ren?fe SBMIDR 4QUt ed

g
to another renote circuit 152 via the conductor 116 or via PCB traces (not

shown)moudnkdd diffren POBsMBen thieSighbDdvahedtRMScnd on thedfowan domtecti@dt may be
connections 24 that may be possible when the |C 22 and the renote circuit
52 ar enatewpd g qondedtorel6iar vihRCE trackseld 8nagacka RGBrieith a canicior fedtsbown)
arran%ema_nt i.s advant ageous for L ust er qE mast er/ sl ave types of

partner, cl
| Cs t Hakmige @ jumpst biveen the PeBdracss Eiﬁn‘f’%ﬂ\m eIty ch other, but are

ckaged separately t | t 0 r :
F(ﬂdi vi dual erﬁoggﬁ%ﬁrcﬁg rrg a%q(lgé%?ﬂ}gagﬁé&p‘grFﬂ%rgonﬁ%grﬁ#@% gggfn% {dﬁ’%ﬁ%tor
ERURE: Bt {8 fF OPLAC S $8hSte RACuIIBIOA YN She ErFeto B2 AR thd onnbtor and
19 each 1llustrate an elevation view of the 1TC 22 and the renote 10

Ci I CUi 4092y s fosmeias sepafateGarts had drenidechericlyhatating ta ezcH dthereoresgd! at or
nodul e 38 and decoupling capacitance 42 di sposed at various locations in

accor deparatelyi. t When ghepat ereraerhenisally #ttaghed tofcaeihether prsgeife of the sprmpester 114
each of these Li(?ur es, .(iqh | C si %ﬁal onnection 46, the | C power connection
48, tﬁ%ﬂwaé’ g Foepst ‘gﬁl?;ﬁc% @t4%n 134, the remote ci rcuit power

f nnection 436, SRS (3 1%52?? ﬁg%‘fﬁ'%gﬁ?‘%g(m% ﬁer tngé?facp?ﬁé g n%ggleﬁ @8 8ceofbr t he

22 and the renote Circ erence nu s for the six

dashed,dih HRIC B arRPEE ré&te spdar 521 LR21téaAstivER tidy igteffate BIPowd thomtéfiee 138ke of
clarity in these figures. The signal connection 26 and the power connection

24 ar engpbdfdried s sgtaene patstaail tigen meahphieelly attawhed toiedeh othet, beused sgparaiely. t he
renpte circuit 52 for the sake of claritépin t hese five i gur.es.

Pr act i WAPn {he narie axs gaehianicanaitachemhtozgch ptien any pide BBW@rmtEg;l 5B %% may be
O o SR A BB THIERIET 10 | S, 22,200/ o (e remte cfrouit 52
hgicl udi ng ayypLIAGAJ. §9 UhidhAtes R 2 ahd4he remote circuit 52 next to each other in a
side-by-side arrangement, FIG. 13 is not intended to be limited to such an arrangement.
Practically, the IC 22 and the remote circuit 52 may have any physical arrangement relative to
each other. For example, the IC 22 and the remote circuit 52 may have a stacked arrangement, as
shown in further detail in FIG. 14. Further, although FIG. 13 illustrates only two circuits (i.e., the
25 IC 22 and tﬁe remote circuit 52), FIG. 13 is not intended to be limited to only two circuits.
Practically, any number of ICs and/or remote circuits may operate together using the same
features, characteristics, functions and operation as described above between the IC 22 and the
remote circuit 52.
FIG. 14 illustrates an elevation view of the IC 22 and the remote circuit 52, as shown in
30 FIG. 13, coupled together in a stacked arrangement in accordance with the preferred

embodiments of the present invention. FIG. 14 shows connector 140, carrying the remote circuit
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and decoupl i ng capacitance 158 that are not illustrated in FIGS. 1 and 2
above for the reason stated in the description for FIG 13. The

i nt roduct wanosgkstbe vol t age regul ator nodul e 154 and/ or tHEI/OR®CBR9BI Ng
capaci tance 158 provides synergy with the voltage regul ator nodul e 38 and

the Zé%,g%@gggéeit%ab%%gg&ﬁ A Ocrcmﬁeét&t { @Hﬁ"{}ﬂeg AeMeretiheqfomdl édmeaidn e

pat hs e signal s an power to I C 22 and the renote

Ci I CUpd mag be POUted td didBer FRRIE BRAL 192evip KRS hiedomdtor aidPCRéracek@bed | i nes
represent” alternate paths. This synergy applies to each of the five

fi gur @ewnhBIGshshogss varbut signal corneetias@6i aniloapowersopheatiens 24 that mayibecui t
52, the voltage regul ator nodul e 154, the decoupltng cap c%te‘?nce 158, the
| C 22possitte when thyd Cr22gud shapiemeiricir@itda, arg pepplgddoges ‘?fd’ﬁf‘tferfga capaci t ance

42 i I h i bed. ab f s
O | O A PRl G s
7o A A B0, SRR RO

modul gstifize WSS ind/ONSerPiminte offeieatividig] sapeaiduancpakags. Sadupattr The
physical proximty of the I1C 22 and the renote circuit 52 to the voltage
r equl BEwincludd o hichitatien,deicoppddesrgreandaoemenycssics al so a factor to

ence, -t heFEBoEs 18] Kad fowd DSk HBSiiagD SLupiGLl e SDURTh et 29Thy

it. th ' ' 2 .t
Bhal onees ez st iy Kispdd pr kOB and f folbenatfubiigbge o8 P etcpie |
renot Sﬁtpqaic{tﬁwet425cﬁ§ﬂﬂ5'§§& atlf/%goﬁstlﬁceﬂieﬁs WPAdcBRBNELOHh BloPrefBREVEEbIBMeaRD die t he

decoupl®i ' ng capaci tance The vol tage regul ator nodul e 38, the decoupling
capacptaaiendehtion &n ¥hlofgrse Sgulks ttins IC dignaioduieetidb4do,dhdll heweamongitiong
capacitance 158 are shown in a particular part of the connector 112 or 140
for i MBLE rexholerimpuit pigealsowmiclion hdH, ftly rempse eisgudt noMeE PRIeelonok3q, e dr awi ngs.
As described above with reference.to FlG each of these e S may
be | ogefexsacs Aumhgrs fefrthe op, betom i ﬁ%ﬁhﬁ@%%?nﬁﬁﬁr‘?%tf’ ﬁﬁ?%iv‘ﬁ h%oeut

g mtation, Lhe, covery. 08, SaaaLs ARUARI et ATEna 80 sRARNGbH FhGR 124

B ah ates an elevation view of the I1C 22 and the

r enot j Y in FIGS. 13 or 14, each having the voltage
ty 2t the@S figitEsMN , g g
regul g?%ér&cr‘r:#d‘tgjye \%ée ar% 154 and the decoupling capacitance 42 and 158

| ocated in M%é@ﬂnmbatonMrtﬂe fekOer consgation 24 eteygach ilustaiod daheidgwi t h - t he
preferred enbodi nents of the (gresent i nventiaon. The power, del Lve system
|O

12 i s couplpd exlonaside pthe € 22 and therempigeiisaiie? ferghe prke pEckity Bd SH6LBr bed

P

%‘gﬁngﬁ\ﬁ%ﬁ%ﬁg lﬁ%lteéﬁ' cgf $h91¢ B8 2 PLE BYSeh6:S\¢hRhiP52, RSBy R, t he power

These five figures introduce new system blocks including a voltage regulator module 154

and decoupling capacitance 158 that are not illustrated in FIGS. 1 and 2 above for the reason
stated in the description for FIG. 13. The introduction of the voltage regulator module 154 and/or
the decoupling capacitance 158 provides synergy with the voltage regulator module 38 and the

25 decoupling capacitance 42 by introducing a variety of alternative paths to route the signals and/or
power to the IC 22 and the remote circuit 52. Solid lines represent the preferred path and the
dashed lines represent alternate paths. This synergy applies to each of the five figures. The
synergy relates to the specifications of the remote circuit 52, the voltage regulator module 154,
the decoupling capacitance 158, the IC 22, the voltage regulator module 38, and the decoupling

30 capacitance 42 in an analogous manner as that described above for the IC 22, the voltage

regulator module 38, and the decoupling capacitance 42. The specifications of the IC 22 and the
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the conductor 116 or the PCB trace 118, then to the decoupling capacitance
42 as low voltage, high current power via the power connection 40 using
t he conduwtoon3/024®5 then to the 1C 22 as | ow voltage, highrcauwsoenesspower
via the power connection 44 using the conductor 116. Al so as 25 descri bed

W th &re%ﬂgﬁéggt ti%lﬁgg%]gﬁgﬂ&ﬁ&%né 89%%@%(9&;; {afor3Bodids R8vhether

alternative ire o the IC 22 as”Il ow voltage, high current
POVEr oHé Br tREdRRIBTinE dpaciCinc @ hrdfequibd gThdshysanstogingty dfltbe IOR2 hoditheusi ng

t he decoupling capacitance 42. In an anal ogous manner as describe with

r ef er eemeteteirctlt G2 1@ thetvodtagromsgulate niodeley asy Hreatecoupting sapseiipncsslistalsa e renot e
circuit 52 to provide power to the renpote circuit 52 Jhﬁ@prgerre 30

pat h fastordewainmgize ithesingpedance apdyesRiing yakipsedrap) 4 deseribgd abryey Slenge dhe

o A aTREH: Borhe bRt R 1 22 i R AR il 38 R UEE o
PCT/ U%Q@éé’i&%%?e%}&& mbﬁﬁﬁ 38 And/BEHEASE hﬂng Q%&%Rﬁﬁie%@@}“o%{glﬁﬁl @8 16w, vol t age,
P r e connectro

hi gh curren viat power 156 using the conductor 116,

then tRhéREsd, Bemotd sifduitt52ausBfsd oW kbdiage redulgbr moduls ¢4 apbivethevi a t he
power connection 166 using the conductor 116. Al so in an anal ogous manner

as deslecoupdingicepaciteher E¥ce to FIG 2, the voltage regul ator nodul e 154
alternatively may 5 be directly coupled to the renot ircuit 52 | ow
vol t age, higi¥ W%E%Fﬁg“m(’dﬂﬁgath%‘iefﬁﬂﬁlngrcég%ﬂ“é{“ﬁr%u‘fogtag%relgB e
Lrcuit copnecti on.. d t Q - - | Shi@iort NE
g@couﬁ?%&%‘b%@@ﬁﬁ@%@%ﬁ? 9%%?%%}%8#?%%% ysl,ﬂg#'ﬁél?\a/ #glélg%éelgu. a%(U)r m)g)!ﬂl e 38
may  dglib\en ab g maét}af%%,pu?oe& Sty RRTor (HROMRE of élaﬁt?%fdfé(lﬁu\@iﬂg@.gAﬁ @pagibbance
158 via power connection 162 using the conductor 116 or, 10 alternatively,
di r ectabyvé withrefere@®teFId.11¢ Léach bR thebeecltinenty mveagrbedosatsddth iaon part 62thend 160
using the conductor 116, w thout using the voltage regul ator nodul e 154.

Al t er ratieatdryl 12t drel 49dedduding jthosh baiptiem dlee cpyerrile sgekat wad/or B A% aye, hi gh

current power _directly to .t remote circuit 52 via power connection 164
usi ng Spﬁ@“é’éﬁé&%tQA’l @,a“\%il?ﬁout usi ng the vol tage regul ator nodul e 154 or

e decoupl apaci L ' I te EREHCONRE SR Rn h12 may
igr ry only ]%‘IE% 1\36??53}5%%%%bﬁ%@o&r%%ﬁ%q&%fa@nt%rt ete (Ejlecoupl’i ng '

capaciprarc e3 4214 XacRAhving IR vohica@eulaRy ol 3gmdulse 238 tiendtcbipdingecoupl i ng
capacitance 42. Simlarly, the connector 140 nmay carry neither the voltage

r egul adapscitmeeii® addb 158 ocattd i tHe conetion 12 apdhit4Q, aespectively, inoarbgrdanee with t he
vol tage regul ator nodul e 154 and the decoupling capacitance 158, bot h

t he vdhe argderresembadiments @fithe presentdpventioa. do8 BOWEY Y VoD syslprcizia ﬁelépqé%@. The
ticul 7 ed b . ds . . . .

Consi dbt B POe PIGHRRTS b Hieahaas ™ T ot Ui FoH ey B o A deribed

sgP | Oya%gvé Qviﬁlr}%felr&lc% %o Ff@. 2t, bR preferred path for high voltage, low current power delivery is

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

the conductor 116 or the PCB trace 118, 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

25 described with reference to FIG. 2, the voltage regulator module 38 may be alternatively directly
coupled to the IC 22 as low voltage, high current power via the power connection 54 using the
conductor 116, without using the decoupling capacitance 42.

In an analogous manner as describe with reference to FIG. 2, the power delivery system

12 is coupled to the remote circuit 52 to provide power to the remote circuit 52. The preferred

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

yoltage, low current power via the power connection 36 using the conductor 116 or the PCB trace
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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 nanagenent
syst em 18woed3n28098s descri bed herein. FIG 16 illustrates rPT/edoeseddon vi ew
of the 1C 22 and the renote circuit 52, as shown in 25 FIGS. 13 or 14,

each hagi fgy %Aﬂ&lex(%l:@?éﬁlgggg%&g%ﬁ%gsm %Hv@v@l@ag@,”ﬂ%ﬁ@ﬂnéiﬁ Egveﬁvigwérng

capaci tahce 42 a a conductor 1I6 and respectively, in

accor danaetivh 166kiag th efraucied | B)asitoe emofe diheitpoas énw volugeiighn. The

power delivery system12 is coupled to the 1C 22 to provide power to the
| C 22, cuarsnigmscar ivivetheiotsr caresteanckd6tusing|ts candupior d b cAlspdjampnahogouef er ence
to FIG 2, the preferred path for high voltage, |ow current power delivery
i s frdhvngeandespiherBapisiaposte KIG- Bride ve#t%g&degt}@@waﬁﬁlﬁ I3 BUHBASP AT ¢ he

e o o | .
D8 paci TGy 5O Gue st BitpdE o P T MR vold e, st itfh poiier EEEHAAERY, 020005
PCT/ US@%a%ﬁ%%dumméms@reﬂ%ﬁﬁ bORerBnbsiiog 1608sing Mtichanctdds, Wtbuthidghe | C

22 as |low voltage, high current power via the power connection 44 using

t he cohddedouplidd Gapabitamedssdescribed with reference to FIG 2, the voltage
regul ator nodule 38 may be alternatively directly coupled to the I1C 22 as

| ow vol t aghlterhagrely.ithe veltags segater module 3pome del veidew vobirgesigh sprgntt he

e AT R R Y
t 120 | I I i :
R IS L R S

suppl Yooddudi6r 116 widlohP&sng ﬁ;ﬂ%ﬁ&%’ regmatdl ol 133, Milghativell | tBgdecduplhgur r ent

power via the power connection 36 using the conductor 117, then to the 10
decoupdapagtanepd intagrietvad8wamlthgayhighl ctierget, polweg direetlyrte riie rsoetar cixdugt S2haa power
connection 156 wusing the conductor 117, then to the renote circuit 52 as

| ow vobaveRyeoniictian d 62 vaing thrrmadusierl lopwithpwwsingdhe naltage seeulaty meFHe 1ohe
conducth él?. Al so in..an %gglogous manner as describe with reference to
FI G 20T ¢ decoPpP g eAnaefcs {8f modul e 154 alternatively may be directly

ggup! ed 10 flifee LIRS 9 5CinbChhdeoR? 178 plad Mot PbhBASe vOIAA GG hofusE, Via a

vol t age regu r nodule to renote It “powner nnect1 on 160 using

the coggyeteiecddplingMdabh@tincdis, Bg bbthehsesiogp éduthtaanadilé 38 sl the 98coupling
Al ternatively, the voltage regulator nodule 38 may deliver |low volta

e!
hi gh ceapacitince pRWSmillarlyt, e aane li4Agnayapayineitherdhg g@ltage aegﬂwmme@dﬁgé‘ii on
162 using the conductor 116 and/or 117 or, alternativel irectly to the
r enot e01‘dE¢ defourBps gangciianse d5Gesnly ensichs ¥ollese seeukrior %‘%!’E% é5‘ﬁ dnfg‘et he

ConaUchon ke SRt L L LSS RhAREES] SRR e 150
ogrre n&apgamf:e 158. The particular desired combination depends on various engineering
considerations including, without limitation, the types of circuits employed in the IC 22 and the
remote circuit 52, the type of signal interface used as shown in table 84 of FIGS. 7A and 7B, the
desired characteristics of the thermal management system 18, etc., as described herein.
FIG. 16 illustrates an elevation view of the IC 22 and the remote circuit 52, as shown in
25 FIGS. 13 or 14, each having the voltage regulator module 38 and 154 and the decoupling
capacitance 42 and 158 located on a conductor 116 and 117, respectively, in accordance with the
preferred embodiments of the present invention. The power delivery system 12 is coupled to the
IC 22 to provide power to the IC 22, as described with reference to FIG. 2. As described with
reference to FIG. 2, the preferred path for high voltage, low current power delivery is from the
30 power supply 34 to the voltage regulator module 38 via the power connection 36 using the

conductor 116, then to the decoupling capacitance 42 as low voltage, high current power via the

-52-



directly to the renpte circuit 52 via power connection 164 using the

conductor 116 and/or 117, wthout using the voltage regul ator nodul e 154

or the devwuplo2gnyscapaci tance 158. Hence, in FIG 16, the ramckeeBei3 116 may

carry only the voltage regul ator nodule 38, 25 only the decoupling

capacitance 42.. or,,Q idhh&erdgeoupl i ng

capacp{)‘g?{ccgmﬁ?nogﬁr% a%tb@@({lﬁdgl:trggg%d@f%ﬁb ﬁﬂcﬂ%@&%{éﬁ@@tﬁ i"?lhgfahr thglpvol t age

regul L8 vIREH Rower fomRictibh 84 dﬁggﬂ@lcbﬁame@na@ tAaRce dob@ibednlith refepert to he

vol tage regul ator nodul e 154 and the decoupling capacitance 158, or both

t he vOIE.ayehe adiskaiegulatmdnbdnld 38 mapde nhernatiscbygireatly covplpdtd thahcd2 58w The

particul ar desired conbinati on depends on _varjious engi nee#i ng_tgo .

consi deltagei kigh chmentowes viathe oW conpsotian pbysing e qopgadokl 60 Mithoytiusng

enpl o¥ed in tlhe | C 22 and the -53 WD 03/028095 PCT/ US02/ 30593 renpte

& r cuihe dssounling RPIFLAPEe - gnal interface used as shown in table 84 of FIGs.

/A and 7B, pf fie anaCfc??dBlrsE{g?]ﬁ%s%gﬁbg%&i{h%fééncE RTINS, HRl poRRP BLRBNEy st t em
as descrTbe 17

18, etc., erel n. I's an elevation of the I'C22 and the
r endt g2 ¢ dfaPidd to2he RnctEvdNit 2 tEbfsvidelgbvit td the re@ativitoaiv SAgThdiprefatddage
regul ator nodul e 38 and 154 and the decoupling capacitance 42 and 158, 5

r espeptihvel yowdratchiveny isfrothtbe PORerstipply 344 dorddiageragitater mndulsy Extashigh
enbodi ments of the present invention. The_ power del igeggl iisi}em@é is

coupl @eltags, lomecyrtsn power Fa dhe RASVeR sECtion ¢ using the sondugtor {1 L dher, i th
eference .o FIG . 2. descri bed wi. . F erred
th %ﬁ?ouﬁflﬁ% CWF%@%&W/?%V& V@gﬁ%{’%%@@ﬁ%‘g F;:S@gﬁ}ﬁ :ﬁlse 40&\‘706 %g?lﬁltggg%rﬂa}% suppl y
34 to L 0 ’ i39it s 148 vERYR! hieh RER&H ipeWesBiaubé Ng

t he P&%ﬁgrﬂ)ﬁecée&%gg?r? ﬁg’?“?{)@tﬂh@gﬁfﬂgﬁtﬁgaﬁo capgé(l:g?t If!ll(rglce 42 Igs | ow vol t age,
hi gh GydtveEftinnBOE 166 @itde pONERItoE 0 IMedlsodn adnalsgany nidneeRSAesdribaceth 18,
then to the IC 22 as | ow voltage, high current power via the power
connectfenceld Fit. AgthetodtagoBgulnter modul 154 altermetivaly iy tbedireetly conpled tg dhe

described with reference to FIG 2, the valta requl at or ulLe 38 nay be
al t er FEMPREITPUIRS? 88 19W Veltags) ah cyrent goYver v aé'g’ﬁ?%ﬁﬁe%ﬁttoﬁﬁ’é)fl{ﬁ%g% ﬁer%%?r en%/

wer via the power connect i 4 Uusi . s 88k tLhaciearduct or
€§6, Cirgu]\RP?‘Nﬁlﬂ‘fc’nﬂg?thoﬁwr@eus@%g%eﬁ%qnﬁﬁggggpﬂ%fl gﬁtcgésqlg%@e Ian a fl1121%1a,(*i50(g310us
manner;s@s describe with reference to FIG 2, the power delivery system 12
is coupled to the renpte circuit 52 to provide power to the renote circuit

52. The pr efiesrhatielpatidvdlnge ppuRtordedduleddmig déliemlaeoltpgediigls oppdny 34 to
t he vol tage regul ator nodul e 154 as high voltage, |ow curre rvia

t
the poosrer teothadecdupling Gapasitaeretlfd VAR W senegtel 1‘%%‘&_#“& hee ufﬁ’eg\igoupl ing
156" g 11, er mhamen e sty oD FtaS RESRE 7R P The e BN 1T e
i gh t i q j i 118
2 g . ¢ oélgﬁlé l}@?%&r{dﬁ@? li\?gnd/&ow Wﬁﬁﬁ?‘ﬁ%&* gﬁe 186, ge 3t Rt NBo B 54.ace

SO I'n ah an
Alternatively, the decoupling capacitance 42 may deliver low voltage, high current power

92,

directly to the remote circuit 52 via power connection 164 using the conductor 116 and/or 117,
without using the voltage regulator module 154 or the decoupling capacitance 158.
Hence, in FIG. 16, the conductor 116 may carry only the voltage regulator module 38,

25 only the decoupling capacitance 42, or both the voltage regulator module 38 and the decoupling
capacitance 42. Similarly, the conductor 117 may carry neither the voltage regulator module 154
or the decoupling capacitance 158, only one of the voltage regulator module 154 and the
decoupling capacitance 158, or both the voltage regulator module 154 and the decoupling
capacitance 158. The particular desired combination depends on various engineering

30 considerations including, without limitation, the types of circuits employed in the IC 22 and the
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manner as describe with reference to FIG 2, the voltage regul ator nodul e
154 alternatively nmay be directly coupled to the renote circuit 52 as | ow
vol t age, Wiagis/esmsent power via a voltage 25 regul at or nodudT@US00/30380t €
circuit power connection 160 using the PCB trace 118 and the conductor
116, w t hout iLng the decoupl | LLARGS; Al Jrefiaatiavglayss the

vol ta’ij’éloi23 Pﬁ?@r&ﬁmgﬁ a?rg%eq%g%ﬁé\%g%ls}sow Vo tglgg, h?g(a current = power to
the d ' BCh BB B rhaBniadeRONRK sERNBe 6fci, @ ddsGAbetsliongnt he using t he
PCB t(?egfgée%%tégﬁp ai)ter nati vel y,a%di rectly to the renote circuit 52 via the
power Connget il 9RSanl&Rvaiva okt B Amidribe tdmeot@CBeutit % es didvraindIGRelTonthict or
116, w thout using the voltage regul ator nodul e 154, Altern%y{vel t he
decougich having fiecidltage eegtorayodidd 38/and 159vand ghe degeuplmeaPaciines A2 W
directly -54 WD 03/028095 PCT/ US02/,30593 other te.circukh. 52 via
Bower regpashedly. lepatadan the BeB f ié msepordpngevily eé’ﬁ%re‘?f‘f‘fggfg%%dd‘ﬁ’%‘%tggﬂhfla,

w t hout using the wvoltage « 1 1desAHM hdBer to the
capacpﬁeﬁqﬁ‘i@"%% . e&?‘gﬁrﬁeﬁﬁ%%%m?%%‘égﬂegﬁcﬁ?{r%%arr%g onllg/ the Vol t age
regul gt 93 agﬁgé&ﬁseé &rithaRlYerlcB & FIE OO debgtiteaRdaei tetnere42FIG12, tutprefetred
vol tage regulator nodule 38 and the decoupling 5 capacitance 42. Simlarly,

the cpapsitosh tdageplowcantent pevdriielivane fahthogeoweguprly 3¢ tabayelagss  or
the decoupling capacitance 158, only_one of the vol tf\&g re uJ[ at or lgggdul e
154 armgulaive makdospviarthe papeiconageiien i@s,sméﬁhao‘%fre]ﬁ tRagR meag% f}eecﬁea? e

dul e 154 and _the d lJ. it 15 i€ W i ed
Bonbi FeeREHcadBantsY SA R i80S ERGPREEE T R LeBfL At T ©

i thout |jmiptati [ ' ' cHidnandsinge 10
Wt ho tl?ufh[%nlé(gﬂietm éﬁg%fo?tggeghfgﬁ%h}r%n%e?wwhé Pow&ecohfectidn andsinie

r enot &2¢ Vype o interface used as shown in table 84

of Fl GS pif\ratdl &Bindt 16 cortRsior 206.CARG as tedciibed withaéfetenes iGN themnkagenent
system 18, etc., as described herein. FIG 18 is an elevational_ view of the

| C 22 revthtdrhigodiAeds eayitrecaltietnatgsly dzectlyowmpled torthedC 2213 low voltageehigh havi ng a
vol tage regul ator nodule 38 and 154 |ocated on a, con tor 116 117,

r espectirens pywenyie tiepoNs coRBeHaR At Reiag & Bég Hage &@8"11%3@%?9%’&“%1 r ip tonnect or
112 and 140, .15 respect.i vel "ti n ﬁgcordance with the preferred enbodi nents
Bt haniihepiising tha JePRUPYRE CHIfSCHSREr- del i very system 12 is coupled to the

| C 22 to proyi " LGk it reaRe kb PRE. Wikiidpowee Hiahene systan Fl G
2. As descﬁ%#égg%gf rné e?lte%?g to FIIG 2, the pref erréebd path for high

vol t agg is cduBWdABRASRimAIO¥REITE th\peswdd soveratitetremptevncus 6ppTThe Berfereed; he
vol tage regul ator nodule 38 via the power connection 36 usj

ng, t he _ .
condu gt fod féyert dutinetyds fioe e powp! sunplyGdiadha veltase mauladorreaguispl %St%‘%,

hi gh current power via the power connecti 40 ysi he n 05 116,
then tvoltageelovCeurpent REWEH 2R ROFEE COpiegHOR §$ PERg H’&o‘f@ &3?eaﬁt%h@1%% té%g‘re

fagrelancen ; | OFa the
#a Heodiping g ird Aoy “hbles A gl RS PRI ARRE incbierlss ence To

using the PCB trace 118, then to the remote circuit 52 as low voltage, high current power via the

power connection 166 using the PCB trace 118 and the conductor 116. Also in an analogous
manner as describe with reference to FIG. 2, the voltage regulator module 154 alternatively may
be directly coupled to the remote circuit 52 as low voltage, high current power via a voltage
25 regulator module to remote circuit power connection 160 using the PCB trace 118 and the
conductor 116, without using the decoupling capacitance 158.
Alternatively, the voltage regulator module 38 may deliver low voltage, high current
power to the decoupling capacitance 158 via power connection 162 using the using the PCB trace
118 o, alternatively, directly to the remote circuit 52 via the power connections 162 and 160
30 using the PCB trace 118 and the conductor 116, without using the voltage regulator module 154.

Alternatively, the decoupling capacitance 42 may deliver low voltage, high current power directly
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directly coupled to the I1C 22 as | ow voltage, high current power via the
power connection 54 wusing the conductor 116, w thout using the decoupling
capaci t ano® 08228@5 | n an anal ogous manner as descri be wit lpaTefs®eBod8 t o
FIG 2, the power delivery system 12 is coupled to the renote circuit 52

to prqy Il%%eﬁgygggﬁgcﬁlﬁ QEBE%EWC%B%?E@ZIIM ééﬂ%ﬁﬁ%)cﬁ’é eh&l I%nd%’é ébrlfdgétopo""er

delivery is r sup to t vol tage re ator nodul e 154 as
hi gh Mg Wagfit ubi@W (B EIRIEE rOQIREr Moduld N1 HONE HeRPRLE tipasitahbe USI.NG t he
conductor 117 and‘gllG, ?I%en to the decoupling capglgl?t ance 158 as | ow

vol t age, hiHgncelin FéGt 1 hahePCRIld4mivy cpoyenlyctbeveltageangul@6r @0duls BRgottljighe
conductor 117, then to the renote circuit 52 as_|ow voltage, high current

power dgrerpling capasitancedza Aebeth die vodiastisenigtor meodudmdf nddhe gacpurlddo i n an

apal ogous. manngr as.describe with..-55 WO 03/.028095 PCT/ U 9

r£f er gﬁBaé?lt?%celfﬁG Salﬁfﬂdaﬁ%et%e&’?%@r!l%magtcm H%%Iﬁr Seoliagy {f:??lzgo?i%goe lelad be
i 1 eCtde ¥ EQUBhfithe! ApbdlEined PSRty ok EF e vOfta@rcBithof Md Lt sdfnglneur r ent
power via a voltage regul ator ule to rendbte” circuit power connection
160 usdeBLpliRg capieattfdeor58] drbothiticRlihgdiepiigtor todiiCPdpnidnlye depasigance  158.
5 Alternatively, the voltage regul ator nodule 38 may deliver |ow voltage,

hi gh capacitatce If@werhetportidwdardiesivadioimbinatiap depands or vaB@Is\vAnginge ik connecti on

162 i th duct 116 ,. alt ti ly, .di tly.t t
AR ORI A P SR REERE T
it hout i ng .t .t . | 3 I 4. i I
Ut 4501105 Y0180 S SR IR T AASIRHIUE ohi e

dir ectdexiré@cﬂa%térﬁg&t 8f thb Fifetinbl Iﬁ&ag{nﬁerik%ya@lws, 6:0NA88dscAPediffeiliSi Ng t he

conductor 116, w thout using the voltage regul ator nodule 154 or the

decoupl i ng KI@pagid anelevitbBal Heno€theil@ 28| 4ad tHBrentdtecicomntdi2g boshohbin #F3GEI es
the voltage regul ator nodul e 38 and the connector 112 carries the

decoupl3 ord 4cegehdiavimgrevolage Sigiatermpodule Heansohueeased a7 cenduetopd1q prd 117,
b apac IaRERTolB R JGURIRARE Pop1cdas 4RI A0h GG if AEOTEeRS LA Kt anbt 6
capaci : 'r enot e
L it 52. .sh i . i . t
ol cessonyd 1840 aklte e Ribfeg HippdfAGhs GAKL BRsCmUALSETNS BGEL ),

and 15&k09al&dm 1 LReusien etk o 23 1@%@@@6%%61‘ (e8peChRy Al descrivedaaaor dance
with the preferred enbodi nents of the present invention. The power

del i vefefr&its teRIA.2.i As dessribabiwith referascel t€ F2Q. 2,chgpwitirthd pathwer high voliegd, C 22,
as described with reference to FIG 2. As described with 20 reference to
FI G 2lowduerepipover deiveraihirpmrtheprersapringd to theyodiass wanlappsmadulssds iary i s

f h ly 34 h I dule 3 '
connectit BAVIE PR LA S PRsonHEr b (rHBdnS eoui aiepa et Tty Pk ng.
t2 ec Oyoqﬁgé,%rigl}&ﬁ'rentt BS&I'CII Aa ItlIIsepo%? O8tebtish LT s R68ductor 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 voltage, high current power via the power connection 54
using the conductor 116, without using the decoupling capacitance 42.

25 In an analogous manner as describe with reference to FIG. 2, the power delivery system
12 is coupled to the remote circuit 52 to provide power to the remote circuit 52. The preferred
path for power delivery is from the power supply 34 to the voltage regulator module 154 as high
voltage, low current power via the power connection 36 using the conductor 117 and 116, then to
the decoupling capacitance 158 as low voltage, high current power via the power connection 156

30 using the conductor 117, then to the remote circuit 52 as low voltage, high current power via the

power connection 166 using the conductor 117. Also in an analogous manner as describe with
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42 as | ow voltage, high current power via the power connection 40
preferably using the conductor 116 and alternatively using the PCB trace
118, thenwwooostokgssC 22 as | ow vol tage, high current 25 povwrT/vgoa/30d98 power
connection 44 preferably using the conductor 116 and alternatively using

the PlRtARasrid82, b s61as réa%ﬁlféé&j B8 § D ak&haRRE Ra] Be Elk&ﬂy%ouﬂ@l& &a/gﬂgt gge

regul ator nodule 38 may be rnatively directly coupled t0 the

| ow volehmgecirduitgfR asiowerdltaps \high cnir@nt pevdpaies voleaps ietildiamodulptoedeaiodd| v
using the conductor 116 and via the power connection 162 and 44 _

al t er neitquiteiopven somepctipe 1 6CBsing thesondustarid 7cwibiod wsing thesdecoelingmapaaitapee

w t hout_using the 30 decoupling capacitance 42. -56 WD 03/028095

PCT/ US02) 30593 I n an anal ogous manner as describe with reference to FIG
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del i vepdtvdro tKeBcblislimOnPhciiHeP] 38 34 pbRert dAn¥Rlohade ukitg WAl RtudBdil £orl 54 as
high Vvoltage, |ow current power via the power connection 36 preferably

usi ng slteendRieBlyt daeelyltb8harmhdie ebdugriRatia tel powes comnettiensdo6 dud € 60 udih thet hen
to the decoupling capacitance 158 as | ow vol i@a](gzsg, (ﬂlhi gh current power via
n

t he powEriuglon b tWidipud Begng therveltags speuaion gady terustivelysthadgeoupling

ot EnqBie 2 AR RS il et A BBl TS o
t t _ ! oV :

Ahal ogbutssRms ot CAILYLIE Mot Mol b BARTrgy fiodeyge "

regul ag0he ABEHHHENG 24pltheenagi vel y nmay be directly coupled to the renote
circuit 52 as [ow voltage, high current power via a voltage regul ator

modul e t o rHentegic FIG.Ui8 the@asductwin é chiries thehdtage rigelatinimoduts Itgartdtbe
conductor 116 and alternatively using the PCB trace 118, w thout using the
decoupfIRgCien pEcrarERe te fseouplipng eanggitinge rty, Siraidarlyps thegadycieyul 1dtcarissdhol e 38
may del i.ver | ow voltage,, i curren ower, to the decouplin

Capach e e moRe s e Sphitorad0 R Ina st EB Rl ot or
136 and al t ef@al i eh iyl Sitof HEICTEBatd BEGorhdf Rbuit 3hRLAG KERIGS. dBIRqH! ¥
0 the remote . GiFcuit b2 via fhe power connections 1 5 preferably using

t he cogttihoihglidveitagalrégilnat my@lly 38 uad N§Y loagePEB HI TR 114 8ad thietdaesiipliigi Ng
t he voltage regul ator nodule 154. Alternatively, the decoupling

capaci tapacitant@ 4Prapd d&8 locatedlim thewohnentper, 11Riagh 14Q respactivelyin aatordantd witho t he
renote 20 cjrcuit_ 52 via power connection 164 preferably using. the
conducthgPrafegedsrabadimenisalitergsegsinygntion, hopawer delyergysteft thisseuRst &y t he

L0190 B RRL B B 6122 DS SR R RBBEAES ! B DR

o@nNecCts@rence to FIG. 2, the preferred path for high voltage, low current power delivery is from the
power supply 34 to the voltage regulator module 38 via the power connection 36 preferably using
the PCB trace 118 and alternatively using the conductor 116, then to the decoupling capacitance
42 as low voltage, high current power via the power connection 40 preferably using the conductor
116 and alternatively using the PCB trace 118, then to the IC 22 as low voltage, high current

25 power via the power connection 44 preferably using the conductor 116 and alternatively using the
PCB trace 118. Also as described with reference to FIG. 2, the voltage regulator module 38 may
be alternatively directly coupled to the IC 22 as low voltage, high current power via the power
connection 54 preferably using the conductor 116 and via the power connection 162 and 44
alternatively using the PCB trace and the conductor 116, respectively, without using the

30 decoupling capacitance 42.
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112 carries the decoupling capacitance 42. Simlarly, the PCB 114 carries
the voltage regulator 25 nodule 154 and the connector 140 carries the
decoupl i ngccapagids ance 158. In FIGS. 15, 18 and 19 the deaumupisongosos
capacitance 42, located in the connector, may take the formof an integral
capaci t or ofy gh flaidgdhl dnfdr a9 iSeri6t KithIBRANLOISFIRLLIRE §9w9f &&ﬁ%hys&fs&ﬁ he
power contacts 92 on the top 68 and/or side(s) 72 and 74 of the’I C 22. The
decoupl zsgoupkepac tcanmetedrctit 62 ity providiewemvef tooie panee ceainsd: t Tienpréferrefior med
as the conductor 116, via a 30 connector (not shown) nounted on the IC 22
r at herPathdor fowsideliecry © fom fheportes smTly B4 4 the voage regnlaint moduled S4takbigh

connect 112 includes the decoupling capacitance 42, the_l ower
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exanpl e, the connector 112 represents a collection of discrete parts
assenbdldnatively weamg the NCH travayl 18 athhwe to thh aemate cireniest asdowl vodtagg hégthpiemat 5
structure such as a plastic cover., FIG 20 illustrates an el evation view of
t he | @oper Az theener conmepiam 16ppreigrably using ihsgondustortl hé png plierasitnsbnesing
system, 1 an ectromagnetic interference, (E m SSj control
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122, 124, 126, 128 and 130 are each not shown for the sake of clarity in
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desi gn. The thernal r_mnaglement system 18 includes a first heat sink 200 and
aItern@Pid\‘?@%PhnBﬁélP%é%ce 3Birst heat spreader 202 and a first fan 204, each

he Chor mai AlemagEnenpe Sy RRgHabtp R s 32 iy Bline a6, smeaRy
i i : 210,
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each being pre e bottom 70 e’ I C 22. The first

heat s¢ondueiof 126 dnd serafiveRdisiigahe BCBKrat0 6 19 bR ultel@advedaidirebidy tottherdigst t o
be drawn away fromthe I C 22 via the heat connection 28, as shown in FIG
1. Thecifquitsi2 vieshe piwet coR@cROB 1H3¢prefhrabloesmpihh eendusionk 1@ 06altryativelymade of

any type of erial, and are preferably made of npetal e first heat sink
200 anithihedddd fach bl withaw v t yoalr?e%%e%ﬁ@éordm%? é5‘bo4-m?1§la%‘fe Y-dbhit act

wWth t(ge%ogﬁl' Z%E}Qta&?angg 2% nﬁéggi?ﬁ‘ge?rl v%g({%}éag%gg{gﬁrcu}rgrﬁ r%g%%r &i%éldt -Eg ﬁle‘f tefdte heat

sink 2 e secon . sin ave a type 0o esi gn, and
poef er aRluyt 498%8 pBwet EdinBetfdn®4 LRt rably using the conductor 116 and alternatively using

the PCB trace 118, without using the voltage regulator module 154 or the decoupling capacitance

158.

Hence, in FIG. 19, the PCB 114 carries the voltage regulator module 38 and the connector

112 carries the decoupling capacitance 42. Similarly, the PCB 114 carries the voltage regulator
25 module 154 and the connector 140 carries the decoupling capacitance 158.

In FIGS. 15, 18 and 19 the decoupling capacitance 42, located in the connector, may take
the form of an integral capacitor or a plurality of discrete capacitors soldered directly to the
power contacts 92 on the top 68 and/or side(s) 72 and 74 of the IC 22. The decoupling
capacitance 42 receives power from power connection 24, formed as the conductor 116, via a

30 connector (not shown) mounted on the IC 22 rather than from the IC 22 via the PCB trace 118.

In this case, the connector 112 includes the decoupling capacitance 42, the IC power connection
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permt air to travel between adjacent fins. Alternatively, the first heat
sink 200 and the second 25 heat sink 206 may be fornmed as a heat pipe
cont ai ni ngcen3rmagmwsi al that changes phases (e.g., between PCT/USP2BeF9aNd a
gas) responsive to tenperature. The first heat sink 200 and the second

heat ﬁ%,%n%%ﬁgs%&?oﬁﬁ?ﬂ bz,g%c;sgibfyqﬁe gcggé}ge(rl\']%?ﬂf[iﬁ }%ouﬂll}% tﬁ%c@)ﬂtﬁhﬂg the

conduc I'rs t srn e“second heat sink 206 are

pr ef eeg&alsuaﬁce UIREd A FERRBHACEHILMd pordiblyale Agnedtor (@ tisiasnmd benreotingthal
part. 30 The first heat spreader 202 and the second heat spreader 208

pr ovi denducton @i 6rahd the deoouhlingicagacpaide 420 Io thislexamiledhe ¢anpagtokbl 2 repizgents t he
first heat sink 200 and the second heat sink -58 WO 03/ 028%%2 . ;

PCT/ Us@oliatisn i dpgwte patsrssambied ip a pprécwarmay maibgr thap 2 capventions sgle RIRCe
second heat spreader 208 nmay be nade of any type of material, are

pY ef EISEBQ%VG a5 PREYGTOVhnd are al ternativel y made of a gel or gl ue.
Typical | V. g iifustaBOal cBPHBAYIF SBe 3092l AansRRGALIGEAN (SROCRRSIE #O8 are

in direct contac C 22. first heat spreader 202 and the

seconghd@al maRigeaeat syttt 88 endacdlet@ilagnéiiy inemfetsicd (BdPamatsorpantio]  but  may
be formed as one integral part. The first fan 204 and the second fan 210

f or ce spstem 20rim sscordanck iwitht thé preferesid skbpdinentsiofi the present imgntiem t Indilii 290.08¢
respectively, to draw heat away fromthe {1‘! rst _gl%gt si nk ﬁ(i and the second
heat PoWRr ddiyery w§isae 1 2./8¢ fignatiyansier syptemy i, Shrisighpd comgcd RN S10 may

t f., desi i tabl g.f i 41,4 Ly 1 th
{77 <, Sitage BT o w0 B el rbhedBa s Rk € EMeSufRel sl hoesBtq Ak B the
first g,plz%ggz@}ggstaﬁa 156 GRNGch At B IBYhE S4RIOfRIaPIBYRY th¥ Figute/ButREB 114, the

connec e conductor 116. The first fan 204 and the second fan

210 naptchRdab ibs iedudcing form 5 aous éuailed delignconnect or 112, the PCB 114 and/ or
the conductor 116. The first fan 204 and the second fan 210 are preferably
formed as Sipdhatmal proegemdntsysteay 1inchugene drsi dedmink J00agd gltemplayely 15 The

br ; G rinenges a euatsRader 05kt it R gd ek bpva P rabDpt i e E e 55°

. C .1 .208,
He s A TG EL A HERTHRAT, it n pibsBke Bl by pRA STRARNE ANeanaReaney 200
a st af@g%@%ggﬂ&g&()@gﬁm@% stddad RetlsprndS 208 ahii@ sbdond Zart T10dEaN Hebat  avay

from he second heat spreader 208 may al so provide the ICto
PCB Siégélaiabwldbﬁédb@l\oezrthebﬁtttcﬁnﬁaoéthﬂ@,zzas descri bed above. In this case,

the 1C to PCB signal and/or é)ower interface 132 s constructed, gs
descri bed dBwist keatisink20fend the second heieid2AoPragde 2 PAE Ay Piw dRdBicti ve

gggr ﬁ%g\rglh g\ty!etf) ?r@{}}oglg r18\/2|2dv(:i‘a1 ﬁlerﬁ%gttcogggc%%g %, asl_sggv%g n Hhe = el%%qg‘strh%gf sitfle" eader
20 200 and the second heat sink 206 may be made of any type of material, and are preferably made

of metal. The first heat sink 200 and the second heat sink 206 may have one or more points of
contact with the IC 22, the heat spreader 202, and/or the PCB 114. The first heat sink 200 and
fhe second heat sink 206 may have any type of design, and preferably have multiple fins that
permit air to travel between adjacent fins. Alternatively, the first heat sink 200 and the second

25 heat sink 206 may be formed as a heat pipe containing a material that changes phases (e.g.,
between a liquid and a gas) responsive to temperature. The first heat sink 200 and the second
heat sink 206 may be secured to the connector 112, the PCB 114 or the conductor 116. The first
heat sink 200 and the second heat sink 206 are preferably formed as separate parts, but may be
formed as one integral part.

30 The first heat spreader 202 and the second heat spreader 208 provide a thermally
conductive path to conduct heat from the IC 22 to the first heat sink 200 and the second heat sink
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the IC to PCB signal and/or power interface 132 advant ageously provides
each of the signal 25 and/or power interface function and the heat conduit
functi on. whnis/egmond heat spreader 208 conducts heat to tIPECTAGH2/A030r

t hrough the PCB 114 using PCB vias, heat pipes, and the like, to the

secon eat sin 6 Locat t fan
510 eangy EppdtvelSy ot SHSEREEhrpRst 2% ARihORdha host sylplts S3¢ malitR A, | 2
nmay pLAv hic ' AOGH REta R bh @ ER RBP4 1316 6B a kelror@gs. or nor e
of th%8§%9§P€§?&ﬁ§g?K§?%% 2 O,athe]?ﬁfgt heat spreadgr 202, Fhe ??EZt fan
204, Tﬂﬁc:ﬁg@ ardffsehea? dfteadeh 205 achhd sedoed hedisptea@@® 08k intdiresisrmotadt Wetht
spreader 208. -59 WO 03/028095 PCT/ US02/ 30593 Thermal grease_ (pot shown)
may bthed€ed. aevsrhaehspreader202:and theeecpnd Beat gargades gPg agdwrelorsply %&ﬂﬁg éh

first heat spreader 202 _and.the f.iyst heat sink 200, between the IC 22 and
Phe sEPBIEF PHEa m§ﬁﬂ%ﬁﬂg¥n@63§mﬁﬁp&ﬁgﬂp e second heat spreader 208 and the

PCB 114, a@ﬁéﬁfsﬁg% %Yfféhdttﬂ?secﬁ&ff&ﬂ‘&16‘??1%8%Hra€1%§§fhe%ﬁ§c RGN EAfaRE heat

si nk 206. rrmal grease | nproves thermal 5 conductivity between

the agig6eRtatRANIIR06, E&?@cﬁ%l e13] B, ABat GAAY M SieSireteaiGsinls2 @panal teelsécond he | C
22 over the EM connection §0, whi ch represents a path for EM em ssions,

as depedt she 28601epectivalye Thbfire firs2040mdabasecond fansd1@maylevmayp typeof desian on

one or nore sides of the I1C 22, and js _ preferably |ocated on.the.fo si des
72 ansui@blefor phghingantor pdlingwngrress thy st bent Smhe%&mlg @%‘?isggql’gﬁle o (’%{36

t 20 10 f t i tabl i terd al
ftho! uashREtaIt P et (o8 e Rt T 21 Y FERMEgORREUE e eI e L
ducti i f T s . 20
conduhitGpl R CAE A T s 1S 69010t Byt 20 1o

sui t abh @of Qeled 16 HgP@®NABHOS] 128the PUH €1AkId/or thiieordittoe il & sTlenfisbfanr2¥ syst em
20 is carried by the connector 112, which provides a suitable alignnment

and/ oandtHeaebsrEintan 286 hrepreferablynforhed acsepatate: frasts vt miay berfpeagdos apgaktegyal
system 20 may be | ocated on the inside surface of, enbedded within, or on
the oatside surface of the connector 112. The EM emi ssion control system

20 and th t 11 f |. t hat
Fochani cal iearrgrebniridec 2 B lsavnls 2L FRLE TR BRI e PREAOL 20 0@

mol di p ate%rifié,%tgc%gl/ a%%?%%ﬁren%\jepﬁle 185168 81 18 1CMdo [dh&v hdak Bway@f€m the IC 22..

alternative ntegrally fornmed as a single part. 20 The EM

eni ssispRiIsMith@becoia hemspRada 20 ahe sitphdtedt oinkl206fand st shemtd fopPé@aer 202
and/or the first heat sink 200 via EM junctions 212 and 214,

r espeptéfermbly. lotatkdn sgtacket arrEngement wades the hoteny ) olsthe He 2 d0dRIeBEAEB P! ed
to the second heat spreader 208 and/or the second heat sink 206 via EM

j unct ifions tel€ Zhd 218, respectively. The EM junctions 212, 214, 216 and

%(} 8 The second heat spreader 208 may also provide the IC to PCB signal and/or power
interface 132, as described above. In this case, the IC to PCB signal and/or power interface 132
is constructed, as described above, and further is constructed to have thermally conductive
characteristics to provide a heat spreader. Hence, the second heat spreader 208 may also provide
the IC to PCB signal and/or power interface 132 advantageously provides each of the signal

25 and/or power interface function and the heat conduit function.

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

30 first heat sink 200, the first heat spreader 202, the first fan 204, the second fan 210, the second
heat sink 206 and the second heat spreader 208.
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represent conductive paths to electrically connect the respective parts to
the EM em ssion control 25 system 20. Any EM em ssion that is directed

t owar ds tWe dlimeswwsheat spreader 202 and/or the first heatPcaiwdo22e03wi | |1 be
routed through the first heat spreader 202 and/or the first heat sink 200,

then through the EM  juncti r I

em ssi on c@ﬂ?rlnball g%"g?%? %{%Hg‘t?t“’“?a% %;e%ls?ﬂget%%«éls‘%heﬁg%? %Fél%\f}géa%gtrﬁ%%)gz}l}gar] /M or the
first 26@?& |0 Hir 20 AP AL AR e BEONEA SinkIH00, Biflivedi O IC 0D bhdtheaesnd he
top 68 Of the I1C 22. Likew se, any EM enission that is directed 30 towards

t he skempstch®aR0spbewrdat tha0& oand téasptehder ROB ad the#CB 1b% andlot betwetm thegh t he
second heat spreader 208 and/or the PCB 114, then _through theLE%A

j unct sesnsd Bd: spredfer20828d thesspanstheabsigk 206. sBhatbermyl gpgeptnmseveskpdesnglos t o
the EM em.ssion control. system 20. Hence, the second heat spreader 208
and/ ofondyetipgpbatyeen nAJRCEY 8T v provi de EM emission control under the

bot t am 70 ?‘&e ?3{?1[ %n(ti;‘]lsgign ca_llﬂ'ﬁoé E%%eﬁm %missfcjuglibéﬁ%@?ef 10! 28%=k A0 T bondfebssd 50,cal |y

coupled to e groun entia groun path 220 to cause

any UQaesikaRketENpaBTbSEM BidsRik,als@dsdiibetabsvd. TRENDerhsiph apeirdlisygemunded
5 rather than interfering with other circuits in the area and/or to cause

any upoesiyrtetibeat&d/bn orsrismbesiles aflihatll€R2; awbis psefetablyllerate erothp éoysrsidser | y
grounded rather than interferi ng with the IC, 22. FI 21 illustrates a
cr oss72 eed 7érathelCeld, 68 shava inE16p20.¢ The M gangsiqnespafrotgygte BRBuct or

87" rared iony ot 3l e B AT n g iR AR SRR ckE | YPe o,
00 1o hdi5sf? AL Qonhl1yb e AP | ThdPendiGionTonéh oy8Bm 94

oB, 9f° _ s package I's pre formed as a | ow tenperature

co-fing %é&%@ﬁ%ﬁ ok FleTBR. ) TIRAWBERissids cbsrdelbtekrbounay Iave hay auitable Mimh t he
LTCC package, the sem conductor substrate 60 and the bottom side of the

seni cghdpecindrsizea BrelyebBR theaME broission comr b systan 28rie carrieéby o apnnesitoreld 2as a
single piece. 15 The sem conductor substrate 60 .cari‘_i‘@? Sig%ﬁl E]gﬁad frames
220, pauh proaisgs prsitehle ahgnment and/enattagipent SRFOET SR SES e Y gnal * | ead
frames 220 and the po | ead [fr S 22 C . i~psi of

the séﬁﬁl‘i,séﬂ{’(ﬁ%’ﬁr(?? S’Eg?{ﬁmgggwé%etl%ca?%gonotﬁ gtlls‘fe 0 fa? %fggﬁ@g%@tﬁld r Pg%ggekage

62. T%ﬁts?ciegsjrﬂllg%g% 89%%6@%%&@%@. PR EMVIRUAsForSé B! syReseh 2P5nd theeaddiornst de

the semc or pac e 62 and disposed on the top of sem conductor
subst r,ad Srefiflablf Ackneedds 3BFdrate Eaﬂ:@ﬂhhmt: nf#Ohadietlatabignal dndisdairedogsthat esingluct or
package 62 and di sposed on the bottom of sem conductor package 62, as
shown ihsertFh@8ing oveBnaldingl presiat enaph.aalips.adhesivmand theikscand, aletagtvelsh| ush

wi th the sem conduct or package 62, as described with reference to FIG 8B.
Pr ef era®) §e infeggallisiogned At fiR8lePato0 form one side of the conductive plates

%j apted f 0rTIPesMe}ll?ss}orﬁeco(ﬁ@QPs%tr&nvﬁ) anfﬁe coupled to the first heat spreader 202 and/or

the first heat sink 200 via EMI junctions 212 and 214, respectively. Likewise, the EMI emission
control system 20 may be coupled to the second heat spreader 208 and/or the second heat sink
206 via EMI junctions 216 and 218, respectively. The EMI junctions 212, 214,216 and 218
represent conductive paths to electrically connect the respective parts to the EMI emission control

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

30 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,
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of signal connection, as shown in table 84 of FIGS. 7A and 7B. 25
Simlarly, the power |ead frames 222 each have a power pad 228, |ocated
i nsi de t hwo s@asmsenduct or package 62 and di sposed on the trar/ud02/30593
sem conductor substrate 60, and a power contact 92, |ocated outside the

sen COJQ%EC il erg%g' g%gmg@ B Pos RAREd t%nsetc&?d flgsireddef 208RH F4he PEB 114

sem c as shown Id FIGs. 5, 9C and 11. Preferably, the

power a@%&a@%ﬁswﬁmv@d@m eliRdn@Bntrdlamdetae Batterh 70 tHeQC22. TetEMDat i vel y,
the power contactis 92 are |located on the 30 side 74 of the IC 22. Note that

t he pemissionanao! sys@n 20 & aleitsetly aodleditosi sidtablegramdi potandalctis EMmewithe 62,
as described with reference to FIG 8A -61 \WO g%@éﬁO% PCT/ US02/ 30593
The s®ah@@Adocrwe agy andesirable ki graigsions phisteddy the fpbe OB FOBEH i n an

right, orjentation, erein.the t 232 e ' - e 58,
rEvi gt bR s Seo GRamerktslfs e 44K st ARG Y
sem c ! TCH90 8L pWipefly BRI aeP3the BRRSHrTaRRY VRA R &
Si gna%ﬁl[(}jslaé sggﬁ(ﬁ?lﬁg%é‘g%ﬁigglggzgﬁe g gen%,condu?:tor di e 58 ]'Eo correspondi ng
si gnalpppads 226 di sposed on the top of sem conductor substrate 60.
Simlarly, power wre bonds 234 connect appropriate power pads on the top

232 of th&I6ell dnstiates ocragi-eedtignal yieyoof s podi fogmpd okt LpwddWp28 di sposed

on the top of sem conductor substrate 60. The |C.to PCB signal and/or
pover SPHicOpfiesier peglageoZ vith a1 BrIE SETRIOH Qﬁrﬂlei%&é‘fw’flﬁé CF‘@C%"T’(? type 0

ferably. i f 2 ' i i al: 1hawy
L or optenay i pR Y bog AEPLhPIC 2 by EELhl G st S g i Aot
i nter ftﬁeﬁl‘t %22%5 ifﬁo&zﬁ LRGSR sSeRAEA, BBl bCand 11 hehis patkaas B2 e prefdritgy bot t om

70 of the FIG 22 illustrates a cross-sectional view of the IC 22,

f or medomsedeaslEo®! teffiperatse Bo-Eioriiecdnnic (IEDREYepabitagei dshis svefllkinpwrdn the art.
sem conduct or die 58, having a capacitive type of 15 signal interface on

t he bdWiththeof TEGeatinagz2thasemisondictas shbwrateso®amddhe boftom pidesfthe and 74 of the

IC 22, as shown in FIGs. 4C, 5, ﬁé aB, 9A, 9155, 9C gnd 11.. The 1C 22 in

FIG Zemicondpgiorpaskage62, op shovgeRdlbpaG, g mipsially formsd pha pingle Pigten, cont  t hat
e sem conductor. _di.e 58 | I S| 1 lﬁlﬁﬁ\@ a

5? lip chi p'r'lﬂ.l?rsiegwfo dlu | fS%%trgtﬁgag%rr#g(Si%h%g%%drj@%%sségpgﬁge%ég%das I'S 2\%27 I

known iR i & n@Eéndikio? @ S nﬂ&é('s‘i%fal 168 bdies IP®ard thp peWeilesd fr@nés2i2odmch
requires that the signals and 20 power be routed to the signal contacts 90

and t hgtepdviesm Carinside of 82 semespéictonpatkageiof tol kifef catside of thayenicorduciort h t he
upright orientation. The top 232 of the sem conductor die 53 t hat was
f aci ngpackmgy 62 dFhetsignak loail Eismes d20eachdaret pignal pad 226, lpsatgd wside ther 46 ng

towar ds%mticho%dlslgtrc;} Sfc%ggé: %E Emf &?}?()tsgc? gr? th%(%o;g of s'zezlrn%on%lzlbtoﬁgu%%gate i68, and a signal

20 contact 90, located outside the semiconductor package 62 and disposed on the bottom of
semiconductor package 62, as shown in FIGS. 5, 9B and 11. Note that the signal contacts 90 are
flush with the semiconductor package 62, as described with reference to FIG. 8B. Preferably, the
signal contacts 90 form one side of the conductive plates adapted for use with the capacitive type
of signal connection, as shown in table 84 of FIGS. 7A and 7B.

25 Similarly, the power lead frames 222 each have a power pad 228, located inside the
semiconductor package 62 and disposed on the top of semiconductor substrate 60, and a power
contact 92, located outside the semiconductor package 62 and disposed on the side(s) 72 and 74
of semiconductor package 62, as shown in FIGs. 5, 9C and 11. Preferably, the power contacts 92
are located on the side 72 of the IC 22. Alternatively, the power contacts 92 are located on the

30 side 74 of the IC 22. Note that the power contacts 92 are raised and outside the semiconductor

package 62, as described with reference to FIG. 8A.
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FIG 22, what may be conventionally referred to as the top 232 of the I1C 22
in FIG 21 may be 25 conventionally referred to as the bottom 232 of the IC
22. Wth waoeosfoegqschip orientation in FIG 22, the power paTdUsse/3eiognal

pads (not shown) on the bottom 232 of the IC 22 face towards the

semi conducgr  SHOSHLE ale i BouiloaRAln PRTcd TRk Lo? BRkihie® ih Beupoiiom 232
dale el ecC

of the IC ricallTy coupled to correspondi ng signal pads 226

di spoggdRfdnt HhereRPthE fopSEIY anslsiifsndusiebaiersal Bavifl peergndlou pighalgpads
techni ques that are wel'l known in the art of seniconductor 30

manuf @t siowig, fae&2va) Bidh AREAGCRAI¢NSORBS68 A second power |ead frame

236 has a first power pad 238 and a secqond power r})lad 24%2%] I(lactri cally
coupl ed t oSigpplosire bonss @30 spnnachapsersiée Pt Padseythe fophe 2dhe The 1 rst

d 238 and_th . d..240. Y h
82?26@3%&@@&%3&@%@%8%%%3 i SUBLERS a7 PisabEg TG LB Ecbiplcas  he

t t 6 [« . 1 1 1 n d
Subs rl?bggﬁfggh llr}ﬁ%léﬂtl};g)%)g%g% bR 238 ohdeck 9%5%5&%995\% 49bn Fheapsl28mEOVEr €

by t hd e second power pad 240 is |ocated under

the grRN.LARHHGHEN didise t&8orrdpehdn@bdwer palie2IBdigosed be tHudnpl oPSmicamivers t he
first power pad 238 to the correspondi ng power pad 228. Alternatively, the

first siitewete 60ad 238 may be integrally fornmed with the correspondi ng power
pad 228. Alternatively, the first power

238 b | ded h
cor r espondiThg Iﬁdm@cﬁ)aanaézadfowowr&ﬁeﬁscqpﬁ §ﬁ1‘sa{’m Ogl th%%@%é@?f@ﬁi? vi ew
f the IC 22, h i n El 21,. L . : : d
B socka: PrebabiS.proneimg 2Heuee L psfeRbhot it shaf «f APBRLAE ghiRyid £ 50
10A, 10B QcC, ; E i F i Hehat
descri'Be ’oargdte#élbeﬁé%‘genﬁ)ﬁg@fa&w}%f .lﬁg\gfg?ét {Boz nlgl%%%g#gﬁtsgﬁfﬁggnm??}q Ga 23

i ncl udgadnbgtsermaabr7oldidne fOpred as a socket, and the heat sink 200. 15
The 1C 22 is carried by a connector 112 formed as a socket, as shown in

FIG 12B. Th@. 23 {luswatRCBomsgseationsl dieyr ofbadls 22 noapedises kel T¥Or epr esent ed

by the curved lines extending from the powet tacts 90 acr e bottom
si de epmichaductinaskage o2with  flinpe Se%?“‘l‘ﬁ@%%ﬁ %%9 ?%‘élBg FEPaEHSa |et‘|hce| y

coupl es onl he si.gnal.s b 058 B ddd DERFUST thd R
bower Sf@aﬂaérfaﬁ"e?’é q’é)ttf)ﬂ %ﬁ%g@%gﬁ%éo%%gﬁﬁgﬁe '8 257 Breferably, the
interfacs 132 i:s pe@L ced, 9AL$B e 9B0906hE aM The (02 ¢ORIGCIS thitkameest her as
a separate piece part or as an integral part of the connector 112. Power
i s delimmeeasibt® fédBe 1€222 FiG Ahacqpo et thesamiaondudor dio 58 isplacsd uptsdssi des 72
or 74 of the 1C 22. Preferably, power is delivered to tﬁlﬁﬁ @g%@r contacts
92 | oahwexlotharviseksivieasra “fip chips oripwation, ppahe FEUEAREFOE BHTBEE PorS23 Vet or med
as 4 01312%%% ?ﬁe azlLrtlc?f seﬁlliéo%rdlqc?tto} Xﬁ%&% T%%‘?ﬁ}g clluf) Ogi%ll’ltlaﬁgrli ?eqluires that the signals and
20 power be routed to the signal contacts 90 and the power contacts 92, respectively, in different

ways than with the upright orientation.

The top 232 of the semiconductor die 58 that was facing away from the semiconductor

substrate 60 in FIG. 22 is facing towards the semiconductor substrate 60 in FIG. 22. Hence, in

FIG. 22, what may be conventionally referred to as the top 232 of the IC 22 in FIG. 21 may be
25 conventionally referred to as the bottom 232 of the IC 22. With the flip chip orientation in FIG.

22, the power and/or signal pads (not shown) on the bottom 232 of the IC 22 face towards the

semiconductor substrate 60. The signal pads (not shown) on the bottom 232 of the IC 22 are

electrically coupled to corresponding signal pads 226 disposed on the top of semiconductor

substrate 60 using coupling techniques that are well known in the art of semiconductor

30 manufacturing.
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25 to the power contacts 92 |ocated on the side 74 of the IC 22 via the
power connection 24, formed as a PCB trace 116 on the PCB and fornmed as a
conduct orwbl@/esmsi ed by the connector 116. The connect orPCIIESRS0593

el ectrically coupled to the power contacts 92 via correspondi ng power

contacts ?\45%981%’ }idfgeq 14 f}zﬂlgee 4 Qatfﬂgtpjo%&%r 83&‘?380% seeOid ﬁgvﬁ? glgg 28@rried

by the connector are ma a suitab conductive na such as

met al e¢jcaidal il th Yoph&uitelenaer B k& ofl pewer l6al frena36t ThSfrshpéwertpad power
contacts 92 on the I C 22. -63 WO 03/028095 PCT/ US02/ 30593 The heat sink 200

i s di 2p®amtithesedong posrenpaciind araleesh ldéatekinside Hteaemicsnthctotipackegs @ndf t he
| C 22. The heat sink 200 draws heat away fromthe I1C 22,  The h(gat .1 nk 200
i s al dignetedandhotor of semicendugion bstraig el | Bip tgkpeyes Pafl Bad §i lPrrtrbUsIgRnes o

G 20 ab : 24 il - ' VI f 22,
Bor meanb e risd by o bendiRles i B e RRaREbeb IR AR oBied et the

! o YR F patRaeTss it .
pot t oI ongliic 28 BAREATS, fe pRENEL M YA R O o Fee on 11

int eg&}?é&f#re%ﬂdhqmg_tpom 80028 AhelnhiGRly, 466 fifst p&her paB239 MaydB,int8Gatind 11. The
IC 22 in FI 24 1's tﬁe sane as that described for the IC 22 in FIG 21,

excepfornfedtwitihthe pomesponding potwsr patl 228e Altseratizdly, the firsiomsp p&B2 B megnbe | C 22.
10 The power |ead frame 222 has_the power pad 228 and the power contact 92
el ect meddadty thecopriseRandéngnovea®Ad é4% of the power |ead frame 222. The | ead

1ha" Gae Por Rttt Sl ictiond TR SARLTE 22 AUAEMAT P16 208LPL 0107
| ocat %Ggﬁéaf&%z}@ﬁné@a@ &%&QH@&@% ge&lﬁﬁga 162 RG0S aieRASATTAS. 40, 18op Of

sem conduct or Substrate r contact 92 is | ocated outside the

seni caplyghoroMackage, 0B £ 20)dTiH ISResiaFIGN23 fsehé eymdS thit desmribed fiattbe or
package 62, as shown in FIGs. 5, 9A or 1 OA and 11. Note that the power
cont ad€<292 FaGe2 .| Additinnal lelenhentssoivodn Bl(ctBringladk thgeosnectaid 13<0upehas® with
reference to FIG 8B._ The power wire bond 234 connects appropriate the
power Spd@tadlﬁdtﬂlfﬁeheaf 8}31‘?@9- of the sem conductor die 58 to the correspondi ng

]? wer pad 2[%%&9542%%&%@15'6 lbI %S(}ol;]ﬁléc 1%2%%%1'&13 ggsué%ﬁ%stsﬁ&gﬂ"%ﬂl(}thgﬂ P2,

rmed as em conduct or pack ppe

sem Cqﬂ?g@tg sifh aR@/or DAV LM EeRf6A PR kipY@ehit@By M cuv@liales iekfepdihgdenon t he
bottom of the IC 22 and power contacts 92 on the top 68 of the IC 22,

as shanepéwerfcbEBcts40, ackoss 8 bodBm Gds ofdl; c@@estod 1 121, InTHE:. PE theinterfape E3225 i s
a conbination of that described for the IC 22 in FIGS 22 and 24, except
for thephaidely conpids aiethssignelshstivezaghe ICi3andaho PCB,LIH hgcauss thepowerds

sem conductor die. 58 _in the fli hi rjentatio descr.i ith 25
r ef er eledigere tqrihg;sidss 7 2 &h 24 Hgghetlﬁezczp ﬁ%fgmh@n {-hgé?t?rr}’@%afg &t %ljdleg ﬁ'q?l\r,ﬁéé top 68
2(; t heboltt%:mzozfthg Sonnector 112, either as a separate piece part or as an integral part of the connector

112.
Power is delivered to the IC 22 via the power contacts 92 located on the sides 72 or 74 of
the IC 22. Preferably, power is delivered to the power contacts 92 located on the side 72 of the
IC 22 via the power connection 24, formed as a conductor 116. Alternatively, power is delivered
25 to the power contacts 92 located on the side 74 of the IC 22 via the power connection 24, formed
as a PCB trace 116 on the PCB and formed as a conductor 116 carried by the connector 116. The
connector 112 is electrically coupled to the power contacts 92 via corresponding power contacts
242 carried by the connector 112. The power contacts 92 catried by the connector 112 are made
of a suitable conductive material, such as metal, and physically touch and make electrical contact

30 with the power contacts 92 on the IC 22.
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described with reference to FIG 24. The power pads 228 are | ocated under
the sem conductor die 58 along with the signal pads 226 and are connected
t o correspanadingpIpower pads (not shown) on the bottom 232aafusonsos93

sem conductor die 58 in a conventional manner. FIG 26 illustrates a
Cross-secti [ ; I 1 or
Package. wi t harE PEE 0 Bpoa R o O PRinggRains URUE cohat it B T B L}

si gnal IC 2Pt @hé hes siplk 200elrbod hewnwy Hdmitheld & 22heheht BRWR00 ¢DAligasd snddr on
the top 68 of the IC 22, as_ -64 WO 03/028095 PCT/ US02/30593 shown in

FI GS. amureg in@a locgion, 1 desaribemyithigrente talids. 20.2b%e 1C 22 in FIG 26 is
simlar ton&}gcgt .ﬁescri bed for the IC 22 in FIGS, 22 and 25, except for the
type of se P Bratesaagresegvonal msvafdhe 1G A2.dpenedas a kavel TR conduct or

di 8. 1S i d . b 60 i. he f1i hi
oF et sgPRHS Hadheb AZ 5 EHE o PR E e s By o iRt BpGR° ) 40
25 eackohdlliHREHhAL GStha BokdifGolofike REM SRIINGL @bntR&S 529R t@to@d@@tofthe

encapsuggt es the sem conductor die 58, as first descri bed th reference to
FI G 2intedrava viecuit, afsowiin FIGSULCT Sit82s 88, SANYBIT ed 0. PRcireinfKIGIed ias a
conbi nation of an encapsulating material 242 and the heat spreader 202.
The entwseuecas thagdersribed & thelt; 2BHinHA G beexkend diat g powey cotiacte P2 arejlgcaged
conpliant, mategi 0,.having a liquid, paste or gel consistency and is
appl i eﬁnhTertBB%)??h\‘?éﬁ%Qhe sem conductor die 58, as is well known in the

t of sem ' r,abl |3t Ny eri al
395 s appl i arperad B 222 Hid B ool 28 st dicln RS ERAH B it iR
per m t k&theb@d htdhcH W of 1he powde fead Bame202 S §HE AN HraGic0r22dk Rouddl BRFhgATRKE
contact with the sem conductor substrate 60. Alternatively, the
encaps sdnaicomipcton tebstate Adhdogythedugb thresidgpliand 74 of thessetmigpndnctospadksgend2.t he
15 sem conductor die 58. In this alternative case, the application of the
encaps dhapevigr nedi2eiinlocated insidenpe sqnalcondugion paekage 63 antis dwepedondhe tay oldi e
58 against t r substr 0., The . heat reader 202 is.placed

o SO iR SIaR ot e e e o8 1ofiRa R Rids IR SRR Er pEBaie

at s i loy/ ¢f. I i hal
Lien 22 ERFGhrdRe BhIRclop s Rg Aol €5 R LS TRRETRS and,
encapsut .aNbfbghﬂ&h@g&xaér odRtaddD20irs posewitiathet seRidoRtidret Z[@rck e 62085 described
sem conductor die 58 by the encapsulating material 242 rying and

sol i di fwthiwgfeomedbipo Bl Bh dieymwer witeiboky 23hesrmetts mpptopdate fthe freves pedips theat i ng
material 242. In this case, the conbination of the_ heat spreader 202 and
the appIFiBafshe smicondugior diss1d tathgeprrespandiearove pade28.ne perineter of the

g net -t ne lersa BRI St OB SRR radpuBROE RO cpreader 25

. o ! _
%@fe?ﬁgﬁnﬁ?g‘?‘h@? ﬁgd%gg 62 wit § Apped sdnPicsdiRic®e BN AMGROE caMRRNE #fe S0

signal interface on the bottom 70 of the IC 22 and power contacts 92 on the top 68 of the IC 22,
as shown in FIGS. 4C, 5, 8A, 8B, 9A, 9B, 9C and 11. The IC 22 in FIG. 25 is a combination of

that described for the IC 22 in FIGS. 22 and 24, except for the location of the power pad 228.

The IC 22 in FIG. 25 has the semiconductor die 58 in the flip chip orientation, as described with
25 reference to FIG. 22, and has the power contacts 92 located on the top 68 of the IC 22, as
described with reference to FIG. 24. The power pads 228 are located under the semiconductor
die 58 along with the signal pads 226 and are connected to corresponding power pads (not
shown) on the bottom 232 of the semiconductor die 58 in a conventional manner.
FIG. 26 illustrates a cross-sectional view of the IC 22, formed as a Level One
30 semiconductor package with a flipped semiconductor die 58, having a capacitive type of signal‘

interface on the bottom 70 of the IC 22 and power contacts 92 on the top 68 of the IC 22, as
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spreader 202 may be secured in place by the encapsulating material 242

di sposed on the top of the sem conductor die 58. In FIG 26 the top of the
sem condustoon3/egiest rate 60 carries the power contact 92. IpCTWWS03/30ase, the
top of the sem conductor package is represented by reference nunber 68 and

i ncludes .3 e f LN e ’ :

o CORIBADSROSaBeT §Re SBoo/brarm, 39C P fly 25 R 478 THep 20 Al ot
the | I . kb ¥ ¥hePtype §Bs MR ARIORBPAEage 62

PCT/ L@éﬁ%@%mgg%ze@t%dr}gﬁéﬁﬁ%?r?;éde%as als(})'geket ,e and suppgrt ia%leg _
decoughhRged: ARARIG, 36,aRe deniadttiuatdreitd SSismounRd®n ths sdnicomdbictas Kalvatraterb AN GS.

12B and 19. The I C 22 and sem conductor package 62 in FIG 27 is the sane
as t hibt flig skipidviedtafion, as desaribed withrreferange -2dengdekage 62 in FIG 26.
Addi tional __el enents sho in FIG include the connecto 12, forned as
& socket, EW-twnﬁéétea@mﬁw%e% an%%éﬁéylewmd%"&gﬂﬁf”f P\ag&g%?)ézc%?énce 42. The
decoupl i ng.capaci tance 42 j . I ¥EtPERE. 8124 v, a
secon mal?%ﬂ?ut_ﬁ% e\fgmbcpgg%%%efggégg%?ié edgk({)r@%%ﬁg@g‘é%géﬁri c material (not
SROWNIG A M1 HRERIABbIoP Backa 8P RRb A RE Lot bin@on of dothbarktiaiing i n the art
of capacitor design. The decoupling capacitance 42 is disposed on the top
68 of pfahgial $422nd hBUeatiproad@@@0Ri cul arly, on the top 68 of the heat spreader
10 202. A first power connector 256 and an alternate second r connector

258, | ocat e encapsppiing matespldde, etheryise RayBLASI4 1#PRPadt PS?@SI? m t
f t he, ti 24 .1 | ectri | t
ot oulTing - GABisE P R SOy SIS R SRy PRk YRR B e G |
. t . i
Eg\r/:ﬁ re bsf ‘g%ﬁl %govglr% gw.zt?;g )e}ff 'o?‘ gérﬁﬁoﬂcﬂi&(ﬁ'%mﬁl%%gp PrdfBdBlye thi3®ncdfiBlaBiRE RAtrRDVET

al sO recelve power m the power supply 34 via the
vol t agg) 'iseéljﬁ&hé& & thEDEHnBteB8f BE seicdMiLor6S ariddis pemeittod e ninrdowintth&gidesThe
first power connector 256 includes a first power term nal 255 and a second
pover of tiersainicindd&d: diF 58 ané amike comasirwitotn egnicpn@E®risnlstipie®)-a first power
term nal 251 and a second power_ term nal

i | 53. Pr.eferabl t.ne fiyrst power
t er mi Adtersizelyt thetpacapispleting BksTiak SHnBaY also §5 grRisd R g‘eta%ﬂlég?ﬁi ?15?5 Optj&&%r |
termnal 251 of t.he_second.power connect] | Wi th
Khe. EEBIPGURNAE Sbe g LG e SR Fapn Lty o chitb Ol shatcir 26
st anpi_n |, anki rganﬂcgm' - i §t I RehiBshdaeRAEMsRaRicOce parts
t hat nglpéﬁl%eelggg‘::%gﬁllﬁfsg%up e tdg&ﬁ\cggggggﬁg tconducltive pl at ea246, such as
by sol deri nghe nal grddder 2020is pheed irkdirect ddeant sith thdepsedacecbioner ter m nal
257 of the first power connector 256 and the second power term nal 253 of

the seemiwnposter di258chabeatispreadSss preferably Eymat g a thsrmally Grrdyctyrampierial

conductive plate 244 as a single unit, . such a . .
such as Eletal. Preferably, the heat gprea er 202 is heT(Y| n pﬁace by the encapsulating material

20 242 disposed at the perimeter of the semiconductor die 58 by the encapsulating material 242
drying and solidifying or by an adhesive or sticky characteristic of the encapsulating material 242.
In this case, the combination of the heat spreader 202 and the application of the encapsulating
material 242 at the perimeter of the semiconductor die 58 completely encapsulates the
semiconductor die 58 against the semiconductor substrate 60. Alternatively, the heat spreader
25 202 may be aligned and/or attached to the semiconductor substrate 60. Alternatively, the heat
spreader 202 may be secured in place by the encapsulating material 242 disposed on the top of
the semiconductor die 58.
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
30 the top of the heat spreader 202 and the top of the semiconductor substrate 60.
FIG. 27 illustrates a cross-sectional view of the IC 22, as shown in FIG. 26, carried by a
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by netal stanping, blanking or form ng, but nmay be forned as separate piece
parts that are electrically coupled to the first conductive plate 244,
such as bwoswlodgmwsng, wel ding, and the |ike. The power corprgartsoonoRs
includes a power line 254 and a ground |ine 252, as are well known in the
art and a r Suobthh o RLEIRAE RapRithhde42]and BRapamer |ine
254 chpp?cZ%raf]%O%ogkgﬁggggéé}%ﬁﬁg% Iot a&ra pot@ngi a}Ig and the ground |ine 252

carrig®, g ffr@eshoralifMGs! 128Thal PRVENe I0 2Eand»émicutiedoppavkagd @2 MEG. 27
decoupl i ng capacitance 42 and the ground line 252 provides a return -66 WO

03/ 028 GR5saRG s WA A80HOd forphe IC 22 and semigensiuptar paskegr $%in FiCoAt+ Adddwaalupl i ng
capaci tance 42. The power line 254 is _electricall Cﬁg’?ll Slg to t'}ql? @grst
powerelements sawpBEFI6r 27 frclyderthe comrgior &b Aermedsas ssBckeh #nf dhe heabipk 200, |y
coupled to the first Bgav\rgr éerrri nal 251 of the second power connection 258.
The %)’ﬁdcfi]ﬁéeqquﬁ ngeapa Péttrical | y coupled to the second power terninal
257 of 't herhl ol BAYIEG R GARDEEHRISR AR doddbohbphicnualahi agaumbied to t he

1o P hal P53 o t

second pOV\E r e second power connection 258. Wth these

connegdrdabigve SR 2k k§farAONBy & Hictetid Mberidifotshowhp Somiing frestbeowntingned

vol tage potential and the second conductive plate 246 carries the ground
pot engdpatitantha2f dsris welt o i the apt aftcapaitar dFignh d hedeeipling SARASH3RF At e 42
includes one or nore power nenbers 250.tgalt 'shgref aﬁtbghf groed with the
fi r st dispergd onithetop|68taf thedld 2% @pf, HRreRrioHT gL §?pa$}{)? °BY SRKTRG or
formp but may al so be forned as a separate piece part and then

18 ect?&%al |y coupled to the first conductive plate 244, such as by sol der,

wel ding, a | £E Se0dR peWetdonheabt 358¢ thed ont he
power cont agg‘?ﬁépg%‘%’é%g??eég‘g?ﬁg?ﬁgﬁ?gﬁ?ﬁe v%l tage potential, on the |IC 22

pr ef epgiisite 8lllet BEtht ARcRiblihg eapmeiimwe ALt powiss fiomt the BOWEmtonnetiopddde t wo
sem conduct or package 62, as shown in FIG 27. 15 The ecgg .conductive

pl at eba ékcoicaliy eoupdeicothé desouplinecsapasiteace4l. i Hha RAHES S of ARBYSES PRYEdhd
mbers 248 that i ferably f d with th i 246,
Cuch He gt paresonarcirgPR gL BE RS c Bt Porhig 30 R AR PEk by redhe 20
t i { } :
Bonandss vy RS Ee SR Mt B poSieE ol 3} L ROHTHABE LUk ORRORCeL ound

menbe &Gb L Gabtk bire@hsact the ground contacts 92, corresponding to
the 2 §c)gjvr%é)lefji%cﬁ)l,potentiaI ,lon the IC 22 preferably on the top of the

seni conductipe firstiieatenr@otof 256 ttides @fiet power temmineldiidrod ersepadipayer 62, as
shown in FIG 27. Preferably, the power nmenbers 250 and.tq§ gro nd nmepbers
248 atendsalR5T ofire decand pewaptonaettosdS ingludesiasirovss terpine pat pRT ASerol

renbepevES DTS She BresuAR IR RTEraosEb ket Sing BREPFAE pec i RE "

ﬁg?e{asﬁgg}?ez rgt 1looexge§r b Bha1358 AR REANRNvek EoRetish S53r6 afietalPlorfice Wi and
the second conductive plate 246 as a single unit, such as by metal stamping, blanking or forming,
but may be formed as separate piece parts that are electrically coupled to the second conductive
plate 246, such as by soldering, welding, and the like. Likewise, the second power terminal 257
of the first power connector 256 and the second power terminal 253 of the second power

25 connection 258 are integrally formed with the first conductive plate 244 as a single unit, such as
by metal stamping, blanking or forming, but may be formed as separate piece parts that are
electrically coupled to the first conductive plate 244, such as by soldering, welding, and the like.

The power connection 24 includes a power line 254 and a ground line 252, as are well

Kknown in the art and as are referred to above with reference to FIG. 1. The power line 254 carries

30 a predetermined voltage potential and the ground line 252 carries a ground potential. The power

line 254 routes power to the decoupling capacitance 42 and the ground line 252 provides a return
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turned upwards away fromthe sem conductor substrate 60. Alternatively, the
power nmenbers 250 and the ground nenbers 248, fornmed as conpliant spring
menbers, woyosasmsarns that are curled inward in a sem - AATCUS02130798

sem -elliptical fashion with hands curled inward towards the center of the

circl rfoﬂh,g @P o d B&Mlglpﬁr Jc@ﬁ;g r%r cagglﬁtah&")@.r dTIchHo'\A?e’ii linanslgispermt a

sol def? ess or eas nveni ent assenbly. The conpli ant

Spri nglcERIFRRY 8o tt@@ﬁfwgwﬂ téﬁﬁiﬁ@lezstshﬂftwmlﬁﬁﬁdr@mﬁeamesﬁmdishe | C 22
along the Z-axis. -67 WD 03/028095 PCT/ US02/ 30593 The heat sink 200 is

di sposkdiripally opupiai tofthe fiest pEv@Zernhiale 5 axfthiecsebend nower hentestion 25%k ThEO i s

di sposed on top 68 of the decoupling capacitance 4}2# ?11%11} gﬁt spreader 202
di ssi graved ling@5a dnelegvieallyrapupled o therserangd nower fpaming, g {5 PAVEr 58. The

eat sink 20 uct s, heat sem.con he
Roat Shieahe st gn il sOua b b B erond pREF SIRMHELY o hEsBod RS,
decou i ' OBt BEME PRIGRS, rrﬁﬁf fi on
of th%ﬁ%&l?ﬁggﬁduc ﬁ@eeS%f)% g@u%@%@%e soglggﬁgg tl?ﬂnécsjgctl ve plate 24?6 gnd t he
di el egblthge JRéMIal Ald the sedd@d Bbiiductiee PrRRL24%i catcied Bk grountl peeiitia). contact the
heat spreader 202. In this case, although nost of the heat generated by
the I C 22 dhedistenbwtivhelde2ts of thk deoopkngcaphetanead? nstusssiene AUROres e

heat al so conducts to the heat sink 200 via the deco | i acitance 42.
AI ter mawevmeylbetsr?éoﬁwés prsferaply W@%ﬁb’fm figst &%11}51&’6?1‘{% e if"% ?H&g by

ted. t th t t f hr ough
the "Bt PE R0 e e i B RERRY g Sbtoal it hpert gl 108
have %fég:%rﬂ{allgst ae& £9hOBest bhuclvE flatd M4cahas b¥ %dsnaelh Qaldisnhaade1ike02

aroun portion of the perineter he decoupl I ng capacitance
42. FhBe pdfet ileuiefsalsesldttiidalle cpatasithe power cﬂﬁ’&eﬂs@&yome&pomﬂﬁng toghs ysitagm 10
for the I'C 22, 15 fornmed as a Level Two sem conductor package 62, carried
in a potméal, on tHellf 27 prefeeablnon the inp of Piesemiconduntoranbsteae §0 i‘délk%]teve e
supporting decoupl i Nng capacitanc %1%2 nd a heat sink 200, as shown in

Fl GS. 8@@1005 “@NPEB’EE‘:%@Q agghongan '2A, 12B, 19 and 20. The connector 112

rries c&ngt g}gﬁ% !glgbe 5% g@uph%%éiéﬁ&tﬁée 49 EndiGE ba 8‘Pmore

em conduct coup |ng C tance 42, and the 1Cto PCB

si gnalg, gy us kit & fréfetiblBfortB@ tvithiBVecoid déhdtibtize pl8E 246fmclcambl}ect or
112 i £ splgérgg&‘g% t he P 1141}3The heét sink 200 is di s%osed on the

connegheal stdmping, Blanking onfoiminigotnt may ded by formed-hG sep8ratdpiiccd part angi theit | y
attached to the top of the heat sink 200 at B. The con é?gh rlgl udes
t he flerlaitmmﬂmmoup]@dl t:etb@@qaooggcoadwwelaé%%”&nw% RV soldgh N@ﬁlﬁ& apg ghe 1i

I to th 7. .Jhe fi
or of or G gromsbmeRBe 48 Slsisatie et o] SRR, sERORE R B onnect or
%& 81is gun Sortaq a)f o%ﬂﬁg\’fb 35 p?ef@ﬂaﬂly on the top of the semiconductor substrate 60 for the

level two semiconductor package 62, as shown in FIG. 27.

Preferably, the power members 250 and the ground members 248 are each formed as
compliant spring members, but may be formed as rigid members, such as pins, posts, and the
like. Preferably, the power members 250 and the ground members 248, formed as compliant

25 spring members, have legs that are angled away from the semiconductor die 58 and feet that are
turned upwards away from the semiconductor substrate 60. Alternatively, the power members
250 and the ground members 248, formed as compliant spring members, may have arms that are
curled inward in a semi-circular or semi-elliptical fashion with hands curled inward towards the
center of the circle or ellipse. The upturned feet or the inward curled hands permit a solder-less

30 connection for easy and convenient assembly. The compliant spring members advantageously

reduce the compression forces on the IC 22 along the Z-axis.
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connector. The system 10 includes one or nore holes 260, preferably | ocated
at the four corners of the system 10. The holes 260 preferably extend

t hrough tWe® aansmwst or 112 and t he decoupling capacitance MA/USH2/30593
mechani cal ly align and secure the system 10. FIG 29 is an expl oded vi ew of

the asse Vi ew ; dec;q : m,im ol dartichlarlyd theditgt dihk 200

i ncl udes%lbeﬁg% ?(r)(yr%%tl%)ég‘%o %’??gﬁ.ﬁtt he eatoseilfléll;t 200,y3t he first power
CONNEEiRLo<d®m top BE oF RS AREL badeNAReUOr TR Beatapteaper@0tdisipas Zhadort he
connect 0P0112, (t? e foi rst codrfljg}}%ti%dg -68 WO 03/028095 PCT/ US02/ 30593 plate

244, \inhRormaeandtnsionouthisemiqohdiaoié 58 a Theheat sinfs 0P corduzthest awaiefre®nnect or

112,, a signal contact plate 268, the IC 22 the PCB 64, .a bottom portion
266 dhe sémicondustartdis 581 viz thmlepat srreqsten202 aud/orthe deroypliag ‘FﬁPa?g’é‘C? éﬁ'di sposed on

Sonnect of el e gsgrelme CRor g 258 A RO ahiSRit BRGld e akertiortit
D ar AT EHR ucﬁtr?@p@f%%hhﬁe %8&%@%9&1%% FRNTRG! Hd B5%ieldihe faRriaDt i On

262 of nnect or has a hole extending through the center area

t her e&ﬁmﬂ't"i’ﬁé Gbht sk DDORS 8Fedt dofift the haateprvadsr 202y T this casé, ditheugiombgmfof t he
heat "si nk 200. The top portion 262 of the connector 112 al so has four hol es

260 ahehbs depertteddyribe K- 22 eorelnbts ta thetivat finle 200 viaenlesat spregsicn @2, squpe heat
carrying the voltage potential, includes the.secopd wer.. ggrm' n(ill . 253 of
the salsoerhdyoiide ﬂ@gr?hfe%@li%(?p vig ghe dacauRlIESARAGHENSY é‘ﬁﬁ‘?“ﬂ%ﬂ"e Shedpole e "s i 1 st
ower connect.or 256, and,a pl.uralidt
1o dBaoRURE e A dubrb o e by P L BBk Ak 05 20 corkitEt BEuBhe
bl at & 2ol {1EnS AEORMIRL Yach floB DA A BReAhivd e RSBl ROVRIaydaRa 60t bON
an e powe

258 econ termnal 257 of the first power connector 15 256

are bRt HRWRAE Gt diFbRIyROWRIC fife hibslspreabér 20 erdetat tostraymrtien offthe petiggter
conductive plate 244 also has four holes 260 at the four corners thereof.

The seftthadecampting capaeitpicatdd. 246, carrying the ground potential, includes
the first power termnal 255 of .the fiyst .po conne he first
power ter nig‘i[@ 2821é13}5t€ﬁtest%d%%?f&?ﬂtlﬁ%ﬁﬁ?m{’@ovﬁ%&\é\ﬁ}% ﬁygg@ﬁb;}ﬁa%? ?ig 23? ound
menbers 248. The ground .conta t%mie f: fiat fRemePad PHto Si des
1éf th@’rgﬁ’g(?ﬁ&{t‘?gﬁlgf}@? F%c%li“%ltc{e%tr%ﬂéégﬁ'ﬁg’ |rsdt1£%(r§gglr?€c 'It&) er(rlr% hal .25% of the
first pRESver BRI BEL Re2 280 &pgokth cfebé@ﬂinﬁ@ﬂ}ﬂcitélﬁfemmaﬂ adfedt sidk 2002 asecond
power *connecti on 258 are bent upwards. The ground nenbers 248 are bent
downvgisisn inIGSS aCp B A BB O, DBeoP] Hi, 22462 19and28s Theweniestasd 126888 t he

four corners thereof. Preferably, the first power termnals %25 carried
With theedCGs22 GrotshoontiodiiGy @8 farmed 24 ghe lgyel-tye serpicopqyciqr D3ekase Ololifiect or 256

and 1 chosu?)(l:igg gap%?:},’él?ar{ce t4 ’r argdntﬁle fC %05 ;CBCs?énrai gn%/g}li ptone% gh?erffd-c% 352 (not shown in
20 FIG. 28). The connector 112 is disposed on the PCB 114. The heat sink 200 is disposed on the
connector 112. A fan is not shown directly in FIG. 28, but is typically attached to the top of the
heat sink 200 at B.
The connector 112 includes the first power connector 256 and the second power
connector 258, analogous to those shown in FIG. 27. The first power connector 256 is preferably
25 shown as an edge card connector. The second power connector 258 is preferably shown as a pin
connector. The system 10 includes one or more holes 260, preferably located at the four corners
of the system 10. The holes 260 preferably extend through the connector 112 and the decoupling
capacitance 42 to mechanically align and secure the system 10.
FIG. 29 is an exploded view of the assembly view of the system 10, as shown in FIG. 27
30 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 conductive
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conductive plate 244, of the first power connector 256 are alternately
arranged adj acent to each other at a predetermned pitch in the first
power conwecisgns®56, but, alternatively, may have any ar rrdTgesoenos93
Preferably, the first power termnals 251, carried with the second

d i ! | i
con u&%{e\ﬁ 4 pgﬂ%tssg%g@%%@fﬁvé Hﬁﬁ%ﬁﬁ’ ?%gﬂWﬁlm&Fm@ BorfireBtoR M, ta%? con

power®Termh rst conductive plate of the

Seco n&rﬁ&\t\grat&%m 1022 8% FCR 68| 4 Botivah pb¥ioA 266 DHHE canicaeell 2 tnd thedCB ot her
in the second power connector 258, but, alternatively, may have any

arrangeprent. -69 WO 03/ 028095 PCT/ US02/ 30593 Preferably, the power
contacts 250, carried wwth the second conductive pl ate 246 i,?’gtthe gr ound

contacts 2%B hessiked0is diﬁpqu]% og gheoiAn P@B’{%‘@ég P@@emoa%@t%lé?- @ ternately
{7 onged adacal Lo S S B RARNLABL o TR VR e
ol deg, {5 58 oAHARLEDol Bowd EGRLYE2IN Tl b bolliAHRE2 6RARAGhRLRIG2aNd L he

0
second power “connec e Integrally ded features on the top

porti pays 2Q@de ektehdifig @R the Cedtd2aranthetdd€ vigeH radgaed toarcdbela oéntdripertion
connector 112 nmechanically align and mate with each other to provide

conneof the bottomsi afgise icat sink B60.r The kpaorions2@efthaednsectahbl Zadsmisastion hodessi ngs
are adapted to receive the first power connector 256 and the second power
conneg6®pt the fourtamersdherspl. porti on 264 of the connector 112 10 and the top

ortion 262,0f. the connector,Jd12 i i '1?6]19!:1 i h
1§t her to %PB\W%&O]&&%@&%P%&Z 0 ﬁ%ﬁﬁgg{%&’g’géé%%gédl t%g' ) Coééglﬁeesggrgﬁ%cﬁﬁ&i n
FI G - ' 26 35N R sbdond HokeE Rindial POT bf B fi2h4 of the
conne(%:%@}nai?g?’gr@ggﬁ%gﬁ guwrggﬁ%rﬁggﬁ(giGO at tshe nf -(?Sr ° cor nears t her eolf. The
si gnaboRerdsibctpt 2862 a2 8 pRIrdlinof povlers@atcsL50 h&he power pembers 280 mitaed s 251,

carried with 15 the second conductive plate 246, of the second power
conne dioerch 58 thanfdut sidessafdlomfrsp owmsiuctiveplate A4t s Ths seeopd peweidenunal 281 i r st

OO e o 306 BE 20 B BARRS 26 3% TR obhf
1238 e et B 5 RIS Bl a2 e a8 nfeis e
Lo S R RS ST 0, 5 e s
bot t om por tlileredfd cohdidtive ptann24d, onrrilihg theraaipotential imebedea thecflst govedri gn
and secure the PCB 64 to the interface 132 to permt_ the signal, 6 contacts
90 (noernsha\3p of thetfiret isorer spnmsictar RE6, theBrsbrover temmigal 2nltd t%frgef%%dpmwng
PCH 1 Eamertigh Bt B BOROHhmIR ooy ind e el captts 746 LR Bbini G oo
205 2 6(%01?} si(ﬁegeoffﬂ?eugecgnodr &%rdﬁct{@%{lﬁg h46. The first power terminal 255 of the first power

connector 256 and the first power terminal 251 of the second power connection 258 are bent

upwards. The ground members 248 are bent downwards. The second conductive plate 246 also

has four holes 260 at the four corners thereof.

Preferably, the first power terminals 255, carried with the second conductive plate 246, of

25 the first power connector 256 and the second power terminals 257, carried with the first

conductive plate 244, of the first power connector 256 are alternately arranged adjacent to each

other at a predetermined pitch in the first power connector 256, but, alternatively, may have any

arrangement. Preferably, the first power terminals 251, carried with the second conductive plate

246, of the second power connection 258 and the second power terminals 253, carried with the

30 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.
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The holes 260 in the four corners in each of the top portion 262 of the
connector 112, the first conductive plate 244, the second conductive plate
246, the wenaesgsrti on 264 of the connector 112, and t heediowsoosviesrti on
266 of the connector 112 are aligned with each other along four common

axes I?}‘tgfﬁ%ag)ﬁ{l],éﬁg écl;]\g%r' cgﬁ%ﬁé OZIS 6,[5 #}agﬁ'fd’ wht hRNSorddoRtetivh Eﬁa‘cé 24!6|? laﬂ(? tiRSsrédddoned

on a our corners to nechanically secure t he

conn 8l ek (8SsRhnASSRITBvE (htc DBE, a5y sltceatdld addnged HjadentGd/ 028095
PCT/ %&%%%BE%MM in ?:I G 28. A teISrlnati vely, four holes, aligned with

the f&udh otk st/ dtcidativelg sanphyveahytaengenyemt.em 10, may extend through the
PCB 114 to attach the system 10 to the PCB 114. The %stener be of
t

_ f
any type iTibé catergortiond6diat the eanngaetpiohl2 has ingarallyymgided S adgpiRd 0 e s,

F nt giearivg R CAECIPRAR0 R PRS0 GRNBE Pt 2ot pr IBREBTYS ( ne
f ast f d t . ' t
For m SRigpd Tonet PRI Aapobh BRI P s o I Rl Pt e e on of

the conpechei12 gféala&ﬁbahy HBSH AN Hle Wit eRGRBthel Rl frovidé eaineces homiags foeast one
ot her portion of the connector 112. In this alternative, the fasteners,

f or megheaSespRAME @fminklspThe porafeeton bbysingseat alapted 4s saspiyk yhaofirst pRwversy st em t hat
can be easily assenbl ed and di sassenbled to pernt re irf&rﬁ reuse, 1%"[’
al t er ermedtor 56 anl fhayecond Rpwersrrasaahin s, T censr Ryrtipa P4 ot o gommegtor

B g es BegeRsry obhe e SamharkiaS RS g RECARSRETMET, 1 LIDL
connect o rd(elal Ol,%p‘% Btﬂgr[xﬂ?éa%es%%ﬁba%oackovg% bk W FrcRaand forkidddcoupiinipi cal |y
0 as e not her boar

r ef er PEQ* ecause is also carries many of the circuits

that thecidfe2d iThe@eftacksivh 264 offhe charctr 11%alsnhisfdeshoted 260pitéhadoduct i ve
contact's (not shown) that 15 correspond to the conductive contacts 90 on

t he | cor@rsadheretf.t he i nterface 132. The PCB also includes multiple PCB

cont act s ( Abe skmelgwast Pl bl ebo T EEC st 155 QPR CEPPED 13- FCE) AR ng
B nireierand ST gped SR ORE T (o RlBl R I0u D LA BRRLEY ot
Fl G T e R e e o e A FT G 27 The absence
of thesg 1EWe i8hmiriso iR et bafdiddl othtmvdsclmotmeasantisemasinboade Somitgd wit h

reference to FIG 27, wherein the decoupling capacitance 42 in FIG 29
per f oflr®elt Tieeé [(122 hoshowin inFECGhERL assip sl dapwp apthejar qfilg manpiachyinghe heat

21 Lor nat | velleorm I CTASLF B SOMITHT | L-Grariees por i Garosy RTS8 95 i o
A IS 8t e & RERAICFIG AN, ch BYRICB BCBSSEH /B i ik Rb @320, s
The bottom portion 266 of the connector 112 is adapted to mechanically align and secure the
PCB 64 to the interface 132 to permit the signal contacts 90 (not shown) on the bottom of the
PCB 64 to align with corresponding signal contacts preferably on the interface 132 and
alternatively on the PCB 114. The bottom portion 266 of the connector 112 also has four holes
25 260 at the four corners thereof.
The holes 260 in the four corners in each of the top portion 262 of the connector 112, the
first conductive plate 244, the second conductive plate 246, the center portion 264 of the
comnector 112, and the bottom portion 266 of the connector 112 are aligned with each other along
four common axes at each corner.
30 A fastener extends through the five holes aligned on a common axis at each of the four

corners to mechanically secure the connector 112 together as an assembly of the system 10 as

-70-



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

descri bedwabiwesosThe PCB 64 carries the 1C 22. The decoumdmigsoeaemsi t ance
42 i s disposed over the IC 22. The decoupling capacitance 42 has

char agt o ﬁ%ﬁ@ 28f Aﬁ'teﬂugg{v%g&?ﬁg&’@éé, gggheqi\ﬁiﬁ%k Yot BBIcRGH fetaBRnithp onhﬁt he IC

22 to sprea € heat t hroughout the structure of the

decoupstdng 10aRAE biBRC@rdtgh tIPCBAWE o BRithehSs 2tk | Grocthe REBgTldurithemenber s
250, form ng extended | egs and upturned feet as described with -71 WO

03/ 0286RheRGT4HURIC] RYFHR inclediegewmitout dinfitagon, 2grewsolrab stekesopinaqisendiling power
contacts 92 (not shown) and ground contacts . 92 (pot sh %1 on t Elbe:op of

t he Paml g likehdhydestensisirayleroseparatedegeddrts AT ’cnitFe‘%ffﬂ@pftoBPe‘f %{'ﬂ RHRHE 112. A
enter regjo f_the he i nk 200 gxte h o) NP 0
ot e eos T Pl b Fiod 3% SR b LA Sy AR e
decou Pds’teﬁgrs%g‘ﬁ Shd R @?&t?that%rg i rﬁg@li’y fortnb$ Wit e Raddna pbRIA ithEconnector

cross-section Vi ew o e assenmbly of the system 10, as shown in FIG
28. The ams afdohahiedllytehgageysdtam R4uies ofrbf1eadd ons othbepatior ofithetchenasmd il y of
the system 10 in FIG 31, except that the power contacts 92 are di sposed
on t hén giidalsergatBeathe fRtenersf fornhe as apg or ¢linst prefeeabhouspte ga psrdlyabthand t he

round nenbers 250 are shown as i nwardl curled arnms and hands, and .t hat
tg he sPFytn thatcan baewsily assembledsang deﬁaéﬂfeéﬁ{?q 0 PEPIE FIPATT Of 56%&3)&& aiﬁe%ﬂye%

@gﬁgg?&%'r&g%in Qﬁtgr‘{‘q]’ﬁﬁ{‘oglrﬂ?e:s 'g%ﬁgo ﬁﬂgis.tpgﬁnﬁl%l%&s%emﬁ-ﬁﬂ iR s gﬁ% thé&if &a%]@ott he

provirdes a capaclitive sign Interftace

bet Weg? dgsﬁ%ehglggwﬁﬁ%thgﬁagg?%smmp@fgﬂa%g,stglhquCB 64 is not present in

FI G this case, the has” one set of the signal contacts 90
(not  shown)Thefcicit BEardn @4 sirties thie cohrectarridR and thel heatogiialc 200 rBye credittlardPCB
114 has the other set of the correspondi ng signal contacts (not 15 shown),
f or mi Ng4 isypurhe refeiretbtoas theraothadogrddhespuse 412189 ¢asries mameof the girgwfs dhaf 3be

Const 4622 Betagn iho e HohaFgeoPaare “BaRaEeBnGRs T sfofihit (e
CB 114 t 1.t 1L ' j I t he PCB
o, FAEROBD S Mo gae b e 80 HROIP O MR 107 B PR e

”E”befiﬁcagﬁé’s rﬁmﬂgb?ébﬁ Recedr o8 gﬂatmm@ Q9) {at didded Hvmiglefthe eordactiver ms

and han contact corresponding power contacts 92 and ground contacts 92
on t heosiadg{ndtdhawd) FutheP(Ehe th€vadyusathenelrtuittdntetfacibgukthshefC 22.shown) and
the front side (not shown). The heat sink 200 is, carried on the.t(%{?%of t he

connect or  Natp thet FlGededoca npletowcnohala i thaicener 1cgiop of RS EUPRENaifce 42.
R W I R T MR
aFees SFuE'{fief, SR & F1E 2 Godd RN Bty 2 BEatdPreBd G D08/ aslsBdm in FIG. 27. The absence
of these two elements in FIG. 29 illustrates the alternative described with reference to FI1G. 27,
wherein the decoupling capacitance 42 in FIG. 29 performs the function of the heat spreader 202
in FIG. 27 and the heat sink 200 directly contacts the top of the decoupling capacitance 42. This
alternative is further described with reference to FIGS. 30 and 31.
25 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
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
30 of the IC 22 throughout the structure of the decoupling capacitance 42. The power members 248
and the ground members 250, forming extended legs and upturned feet as described with
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may fit over the IC. This type of construction is suitable for use with a
Level Two type of sem conductor package of the type illustrated in FIGS.
4C, 5, 8AWMB/029%5 9B, 9C, 11, 12A and 12B. In this constramtsoen)sshe
connector includes an external means for connecting to a source of power,
illustyated air. of e I i ASts 991mABEWS) AaBrodidGoniceh nay
servéegﬁrsen%toﬁi[ggggt?c{%aciF?lgﬁ%g%n@g{gg@(%eﬁ 8%ower ércl)nnec‘?@rs. his construction

i's sypt SBe WHEIenBME 64, TRY ReatstHklo0as cirtied tethe@opattage from t he
Si degho(?lgtﬁleofvggc ageemThe connector 112 carries the -72 W 03/028095

PCT/ USRcRR993. Adesmstptiiogofiaphcittsa9042iengs tireughithyholn in Hhe PRPRRtioN pl at e
capacitors that include distinct gower contacts 248 angqmgr%gnd contacts
250. 26Rhef tdermveneder 112ordirsctly eaatast the tep oblgidesourling P2RRLiaP i  as part of

th t 112, with t tacts .248 d
fi sposed Hsphatiseics ae elguScrs pErEL LPY of s SRR SRR PR o e

eces oyt Bl B AR A sfnT odaA 5048k agnk ey tRGsioNIY betkC 22 to

per miSEOVRE" ground contacts 250 to align with and

cont %?Eteﬁﬂf J SN NcBRWR: iR ifbwedk cahtaitn o2 anntigosed @Pthosiden &2 @dZ4)iof t he
manner general |y showd in Fl 34. The connector 112 may also b

consitHer@d2 aheome powasmsinbem 248 hedrieigeundymembers 250 arp shown ﬁ%ﬂfﬂ“far‘ﬁg over the
capaciurladoumsiand bandscpddeel e FuoEep 185 tomafbeiens paisty {HEIBILY ng
18ach el e e Kt R IRRAF T 14T Connect or 112 may ai S0 be
consi der e‘&gﬁ‘? g@gklt%’caﬁ%es%l}[bo{éﬁg&?oﬁ 12 TheBatetice I329r6A8&, a ddpacitionsigedlor 112

is shown 0 revea eatures on the inside of the socket. As a

SOCK&lyerfabe Béweh $he IC 204 thOPCBORAE Nots thhf the RERs Gbismot prefentin PG, Jihdn
decoupfl ng capacitance 42 is disposed under the 15 hottom 70 gf%é] e |C 22
and t{he qaexehe BHO2 huoomset of thesigral zastace 50 (AelicbowBh fIEINE 871G 8D ng

tacts 92 di d h sid f t | C 22. J\n t.hi
e et o2 SPORERCE S0 51 Bk ek P 3 e e
duct b the d i - i : i m bei
o SRR S5 BRIRGLIADEE 2 lbasia st i om bein

con ”egi{egr RRa R PQ‘?H% ﬂ\f/egap?rggﬁ% i OHRE 64rRfan? BRiwceh et o siethgmecsigithl 20

conne er, conneé e potential and ground potential to the

decoupljtsids 6RBRCIC ZN&f #2 PCBAIG o Paniit tapmtitiat eignalrouplingrheavesncbpiedor 112
that I1s forned as a cover suitable for use with a Level Two sen conduct or
packagel e PGB 1shown in FIGS. 4C, 5, 8A, 8B, 9A 9B, 9C, 11, 12A and 12B,

and the connector 112 nay. be consi.dered as .silar—fo } G
200 with’ e deompbios skt dom Sigmerng i BTG A0 ThEp A At 24 ard

e RS e LR} Y b s s
contacts 92 and ground contacts 92 on the sides 72 and 74 of the IC 22, as well as the back side
(shown) and the front side (not shown). The heat sink 200 is carried on the top of the connector
112 and makes direct contact with the decoupling capacitance 42.

FIG. 32 illustrates a connector 112 of the present invention that is hermaphroditic in the

25 sense that it may serve as either a socket with a recess to receive the IC therein, or as a cover that
may fit over the IC. This type of construction is suitable for use with a Level Two type of
semiconductor package of the type illustrated in FIGS. 4C, 5, 8A, 8B, 9A, 9B, 9C, 11, 12A and
12B. In this construction, the connector includes an external means for connecting to a source of
power, illustrated as a pair of edge circuit cards, or boards 256, 258 which may serve as

30 'respective first and second power connectors. This construction is suitable for use where power

may be supplied to the IC package from the sides of the package. The connector 112 carries the
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the formof two pin headers 256, 258, each of which include conductive pins
255, 257 that extend outwardly fromthe cover, or upwardly in FIG 33.

Thi s typewafo3mesm®sructi on permts the power to be conveyatTrusoehesspackage
fromthe top. Miultiple conductive capacitor plates are fornmed in the

tor.. 30 FI 34,411 t. i: ; e
nvert o RePR e Re b rdReb R P dth AR e RIEARARIRINL cover

me nb?fgg%?%ggg %ﬁ%oﬁr{ﬂaéonfécissﬁgy Fhe bhithebor 222 hadn recdss, dM0atiBy, B8 dOformed

PCT/ I's enbodi nent, the power delivery systemincl udes at
| east aspaR@fthedforbeedtit1l, wetiphapeserdoniacBL48 anh grovad sostaeks L3} hrp disppeed and
which are aligned with each other in the vertical (Z-axis) direction The

two pinsitle thearesss epte aedmetsy ofithe icprneetp Al g The Bcessthas gn P%Rr)gl?ﬂ%% 1apg pd

diel ectrj tant . hi ckr f which i d

Sert cfepibajsaica e e o2 KpRFRORE R arct s 0f e R ds BEOW 08, 0
o t _ . . or| D o

Che’ b arb g Gingded ebifsrblinepaFaand o BRinicbltack BEeh (RO 22 e ek o

from %éh%ralllg-sh@@niﬁrﬁf@jmed above, the power delivery systemincludes a
plurafity of contacts, 248, 250 which may include interlaced power and

ground ( POV corgiction)l 12 oy atsodechusidessd @ pevenaswhewn yehepstirallyan FGal A, 244,
246 and down al ong the sides of the |C gacka%%.n%gf e{alt‘)?lg iﬁ t he

cant i thetfiseenthe 1gp pEibe dGa 28 shavghin K1y 31+ It Bep injifasee e %j/oué’ B8ge contacts
303 formed in the lC The t | at t tacts
1948, oapgciignse f‘é B Lisposg 8?1%‘6&?&%@&?%? @?%gf(fm&g gggr’gfﬁ{gdd ogv{%j%%sgllfl%lﬁ%ﬁs gﬁl’eri or
i nsul 3Ld v Llondi Hon AL SR 6PMHeACS. MBmaBSblyathe for med
in ea %16 %@tﬁég{ﬁ%’ow@ggn %2929148 égaeggmtehey cgnt act the ern paclz,age. Thi s
embodi sRREtot ¥1§Hia§r%lpsloeoefd@>hsid&ed b Bocketyhab siadwrom FiGL h2B. hetiis sbakhg sroneehbwn)

15 and as such, it may be provided with an opening 305 that extends through
both plaisehoRddprighbioanveal the feattres v ierinside ef the seqket.| Ay apocelpladd Hhe | ower

i | ati | 302. A ti f the heat.. sink tend th i
I?E%E' frg('; gx}?so%?c{gorcm %ﬁf@lg\?&g‘i’a%%%éat lﬁéﬁéﬁlg&lﬁ%&%ﬂﬁﬁsgﬁﬁe &P%Oesei %H‘%g éf‘f LE
Boan BeRam g0 SeoR2f atd BeorRE RN IO, T mits U Ehrespbndifly |

si nk. g%\?lell: 4(1%30‘?’5592;3@513‘03%3 ohicaddidéane 1t 28 fa thieasd) Wlie Siidls Whddbewer

i nsul ating layer not shown for clarity, and illustrates the

rel at iQRabirs eby@ene tdpecd 6 tRR1C D2 siapeiied eoridintonhecaubethp dorupling| i ver y
system As shown in FIG 35, the |lower insulating |ayer ?02 abut s i'\ ai nst
the t eppacitandeal®ehlacks signaisfeorn being tansfered tharneh, thebetiamaf the connsgion;l %s 306,

may be provided for purposes,of additional cooling..Fl sents the
end ofTheiirs poseEr F@W@ngéﬁf‘% e Spepnfl g WeREInERt %gcggh%e?s %eg are

f(p? Zi ;ir?gﬁq?ﬁ%to%%, QR % \poel‘{aiggs&gﬁtia? Snd Hoﬂﬁctl b3efGh1dh thel dbsuping ARGRTRNe 42educes

FIG. 33 illustrates an alternate connector 112 that is formed as a cover suitable for use

with a Level Two semiconductor package 62, as shown in FIGS. 4C, 5, 8A, 8B, 9A, 9B, 9C, 11,
12A and 12B, and the connector 112 may be considered as similar to that shown in FIG. 32, with
the connector body portion inverted have having power supply mating members of a different

25 style. In this embodiment, an external means for connecting to a source of power is provided in
the form of two pin headers 256, 258, each of which include conductive pins 255, 257 that extend
outwardly from the cover, or upwardly in FIG. 33. This type of construction permits the power to
be conveyed to the package from the top. Multiple conductive capacitor plates are formed in the
connector.

30 FIG. 34 illustrates another embodiment of the present invention wherein the power

delivery system is incorporated within a cover member (not shown) that fits over the IC 22. In
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force required for insertion and renoval in that the contacts engage the IC
al ong a horizontal line of action, rather than a vertical |ine of action.

FI GS. 36 wod3dZsiok| ustrat e anot her enbodi ment of the presadr/uswsowson that
i ncorporates a power delivery supply that is capable of supplying nultiple

and di3t Ln6Lq; %Ihig ﬁtgeedﬁ%x@&.d%ﬁ@er%%s@ém in%gld\é?‘tﬁg 18?% a IR A LORRICHR S1b@s béu bagy

This I'S accorr}éﬁ i'ncorparating nmu , distinct capacitors in the
cover tﬁﬁeﬁ’@%ﬁmﬂéﬁmgﬁ Kizéd gnd WhidB ereasichéihvith datdl oth@\ie theowniitiat (Z-wes)ydistotion.
310-313. -74 03/ 028095 PCT/ US02/ 30593 Each of these plates is spaced
apar t The omo phatds ant baparais] by dnisteranag delsetric tayer G003the Higldchicgopsiantand gpaces
315, and each such plate_includes, as illustrated, indi Vi&“al cont agct

menbethickness efkwhighmay herrdessyte Rryidehsedialn CARECTHEGR RSP §& ‘ﬁ’@PEIP‘?%‘?ﬁ%P nt o

position. for cqontact. with contact fithe | I, . it h
Phe pravisaeisains oidouBeho GHC R srirlinn 8 iuRP SERGrodiedbl
separ bRt itof it 2d6oes 36 flshARAH 6RARABEIC.OMAP! at e 244
by an%e?%tt%%\ggeﬂr#%gOgﬁglbg%?ggﬁ?wgge? 300 so tshat t he | ower plat esS 310- 313 of
the syshBha &ov8PRE pbeer ddlively systemungledespl pltvalidAer dontattas248e2 50 which may
direction by the intervening dielectric layer 300 and are separated from
each dndhete interiabesl povestdny geiund (pavesn sethin) eptaets thet extend ewadlero@theg

dielectric in_ the spaces 315. _CiBt i | so cont enpl tled lhhat ach such | ower
pl at e Piptes-2843 2h@gndrdemen along thegy éggﬁ}qudﬁ?k@gplgggﬂ{% Y BB STECEEE S at ed

i 1h hat...t t ' [ f ’ f i
1 pac el FebpRa e VBRSO ke UERE Jog Bits BB A TRAVSRIELs | ooy
of W'z%h,giﬁeﬁd EGorisAthd QEtARRRR. PPiE 1RAIB M cipRtiBfdRbongrwide Blotdddr i C

300) enb r encapsul ated within a housing or cover portion 112 that is

al so vaued e eltedof @ktietvd material, fuckras a pthiset.ectric or electrically insulative
material. In this type of 15 structure, the material that fornms the cover

portion 112 hest torftadts 245 @50 atedorneat in gachnefcthe tvea plates 2ierdf apd dhaysrptact

capacitor plates 310-313.. The, pl at ontacts 316 .that..extend i her may

al so Bee EaP%qk&E?-yTWEéaé’anW?’tsﬁuﬁ?ﬁ? %5“5%%?0 PHognY @ﬁﬁ%aF 3 3n%§‘{lél sposed
Lthin seri.es of . s| f.ar i | bagt the

Ehr 1 ngndat Pt Brin RS tsd P Bln 365 Bl A AR B RS T8 e

del i V%ﬂ g%t Gl eHiRe Bfcldolie 13yer 606 ai®ihk 18Werdnfiationaay@f302: & podtn @ithehedto 20

its enbedding within a cover portion 112. Wth this structure it is

possi ik thay etend trowtilf thisrepening 305 frig esntaw vdilf 4 beag genepriingsufcetaighe I such

as 0.5V, 1.0v, -2.0V and so on. FIG 39 illustrates a sfaggered contact

ar r ang@ndnsomi sonstagtipes, gdkaamal eondegingsasiaber na) WP@t‘%@%‘gg{?‘Fﬁc’Rﬂ“nﬁﬁ@

present invention FI.G 39, two.con tiv ates 244, 246 are

i1l ust§® e%e%b%hgpgﬁ gyeralips S}Hfé?%ae"(rjﬁ%ﬁ‘@hﬁ“r%é ectric layer 300 and the

28 ntacts 24§g, éﬁgs g Eec]%i%ﬁgl e BERicE S48kt enth t‘ﬁ@%W@ﬁ@uﬁatih@%ﬁf 8@ ishown

pproxi mate ri ngl'es thereto, but the contacts 248,
for clarity, and illustrates the relationship between the IC 22, its package 114 and the power

delivery system. As shown in FIG. 35, the lower insulating layer 302 abuts against the top
surface 22a of the IC, and additional, but smaller, openings 306, may be provided for purposes of
additional cooling. FIG. 42 presents the end of this section for better clarity. The contacts 248,
25 250 are positioned around the perimeter as illustrated and this arrangement reduces the amount of
force required for insertion and removal in that the contacts engage the IC along a horizontal line
of action, rather than a vertical line of action.
FIGS. 36 and 37 illustrate another embodiment of the present invention that incorporates
a power delivery supply that is capable of supplying multiple and distinct voltages to the IC at
30 various locations on the IC body. This is accomplished by incorporating multiple, distinct

capacitors in the cover member which are formed as individual lower conductive plates 310-313.
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250 have different contact locations in the vertical directions. As
illustrated, the contacts 248 of the |lower plate 246 have a first |length
and t he cot@okgn9250 of the upper plate 244 have a second PATAURIRA0598M t h
bot h | engt hs bei ng equal as shown, however, the contact arns of the

cont act 0. .are arr i i LS ed

T an et fhihse ol R PRIMM b Gl MR Bl G, STopRbReRRE e
rermv%ac?g 34 DENAUSH sRAF148 Tclkiés, UR AstrBRd) ikd@idual Sortt kR@delsiB16t hat the
nunber® of contacts that ‘engage the | C/ package are halved at the first

cont agktendifg thereffdm Yarvid1) 280 9owhedrdlyShzreBOmDiato positomgeneontact withteentapisr mi t s
the inplenmentation of a first mate, |ast break aspect to the power
del i vef thed€ron thekCepackage dive withiee Meviens eralrsligents diseussad thmidividiahplates

ing_duri tion. FLG 40 illustrates, stil. t nbodi nent
31 o Pl i Pu e in e ot mtE SBofR e P IR TR e o e

of the_present..i I i h168ht tdg!| udes
b eo TR B g B e s R L e S e g
di el eghd ifhePRbRI14alin kigy @drfica3 QR ectRA Dy tHdBrtdroghigd dichotricdnyedpaaid ae pl at es
318, 319 ‘are interconnected together, preferably at their sides as

i |1 ustsegirated frby daoh ethepimthe N mgl Ydirbeioss B @itheTrairse ap ditarvenipg dielectric in
i nterconnection are isolated and separated fromthe m.ddle, or interior

capacitheospapdstls. 3pis alpp cantesplatpthiat geh é‘!@é?‘é(ﬁ‘b@a@é‘ép'%gt%aydﬁavr Aree contacts

248, 250, 325 d i 10 of . i

o capremocdnecepirls LOPLE Ao eI PEhE e RuReabDfiPRpBbadole 46"y,

power Oqilgiirs"gf{c‘éggé@eeﬁl‘gﬁfg|i%m§%tﬁb%ﬂe%9fﬁ@ 3previous forms may be considered
S u

in one pec ue to 1ts structure which may be inserted into
cover and 39¢ked iIRRHRRE therdel &Emuilibleplatés @ud theidppesplnrzdd ahdmtaxenpg ar y
construction of the contacts 248, 250 and 325 whi ch have el ongat ed,

cant i | gslesteel300) dneed ded onenveprutaiédomithi 8 otsing or eever persiopdht thabisraledr dl y and
slightly 15 inwardly and which termpate jn. free end %O{Eié@ﬁs 36111hat

def i neprefarably foomedEomagithepa dicleshic agiecingplly fsulagiye giefegial SHRSPIcont act

i f er ahl i dl. | hat i
eu et e TRe RdiraRm e ROl Reota ot AR B e T2 T o
out er kﬁeg&g&?tﬁé)fo @5&%}&?@5&5 5165 DD A REAbtelcoARkisBY6 (L ckiBAEheRAOALHEPT

pl ate he effect” o creasing the total capacitance of the decoupling
capaci gy e Rusebcdded RRthtifi ¢he daoergstich L2 drangy b dispastd witbintagsrigndf bot t om
plates. In other words, with this enbodinent, it is possible to increase
the caglateBlGfocmed dmeinsorae iy neopdily dignit te speng wtionef thecontgts KEF 3oKeal

surface area provided b he connect ortion Thus, .

c g nst r&@é"éqlﬁh"igﬁ’ygfhbe B%‘éf%lf &W%Wem}lﬁéred)g é: Jéﬁgﬁaﬁ‘é@ﬁ Iés f Pﬁﬁég& £ E#g[} o 3 PGP ©race
ai |l abl e .of,,the ci.rcuit bhoar (o W I o [. In

B ol SnietStip kot aRtifhy | £ Vit S LARAES o PFHIE DvdiCendren | LT

25 in gt haro iR pas Qe ik TP WRh 0.5, Boung oRosarsoGhound or der .

FIG. 39 illustrates a staggered contact arrangement that may be used with the power

delivery systems of the present invention. In FIG. 39, two conductive plates 244, 246 are
illustrated as separated by an intervening dielectric layer 300 and the contacts 248, 250 of each
25 plates extend downwardly therefrom at approximate right angles thereto, but the contacts 248,
250 have different contact locations in the vertical directions. As illustrated, the contacts 248 of
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
30 forces required for insertion and removal of the cover portion 112 upon the IC or its package in

that the number of contacts that engage the IC/package are halved at the first contact. This

-75-



FIG 41 illustrates a power delivery systemincorporated within a cover
portion 112 that fits over an IC 22 and the cover portion 112 has been
render ed woaosgpsment for clarity to show how it engages trea/ustipesdiage
around its perineter. FIG 43 illustrates the exterior of an assenbled IC
packa | idehd ot ' bRk kRt t08E Pbter Wher ei n
t he d%g%@ﬁffgﬁgﬁ?ggg |téﬁ§l<llaé 14 ?ﬁslerﬁ&e{%ozl %ﬂégﬂ{%%%ﬂ%gby melgér%s of g cover
menbegelR@ey stilteurd 36 ety thedikethqpldwrahdrtiyg ahd amittdcogring desing ommedtiom t he
-76 WD 03/028095 PCT/ US02/ 30593 body portion thereof for nounting the
assenbl y t 51G. 4} ilsiratepssill ahother embedimsnt tlspaves felivap syshag consmlcwgtm ng with

external power |eads .tq supply power. to .the decouplin aci tance .

FI GS. aergrapmes pithdhe ariacmles pHbE P%%d?‘f?é‘ﬂf’nao‘?hﬁf ﬁ@*&l&%ﬁ?gﬁm AYS'SH 3?% whi ch
n1C 132 i hel d w thi.n Vi £ j

Fecouering: Duptbnalibeads I sF S Pt Biof AN EPRleq by RilefiBe PR-AIE

socke r .S aSHAAS18tch D18 Baparcanrddasededody

porti %ﬁ?%8%§t3%§%%r%§@ ?%Hg@%nﬁgépal i?&;ﬁof si dewal | s 461 t?lat

coopetdicitee] prefaiblyngt theit sidey alillusped by int@Romticsasaedmbére 380 nThémtpois ef ves

the IC 132. The opening 402 may be a through hole, wherein the I%sits on
the cintengotndstian dre isoletsdwad sepaiatad fem themiddls, of avters spRACEOPIER2EbY A6, ) The
decoupl i ng capacitance 42 includes a it f discrete ¢ citors 403
cach. SacHl ChORE a0 G Serbt e canaed oo age e e R o SRSt g
propki.at e _contact ' e . SHOWRIE ofitE PGP Bhe 404
gﬁcl ogég‘eﬁﬁ)&v%ggﬁ‘gﬂ?ﬁgét%%?(\?r\ﬁctgﬁﬁgmﬁ%gor}seg% et g((:é(}ﬁltrt]aé:étorﬁ?%%? thg c%paci tors
403 rgce | SysRONE this Bffh BndQieie\ddiRNbImHay BB batstldrddintone aspectas 4
boar d‘ﬁﬁg’%yg?}wa%f/ysof tracses. (FI G\éﬁﬁ%.) The inc}(;r poration of these discrete
capacigidiute du1o itsherustaekehich anydetingerted irde sovg asp swbetsnemberndilyy tths |1 C 132
on the circuit board 406. 15 The capacitors 403 are receive i thin

openi Wsurd 1iystretes heexesipdary construghinnnfiibe contpi 248 &0 adHoswlich §aYhe body
ortions on _the socket connector sj.de ls 401, The .c i i.acl ude
P onvertangaie: GRprge balogs e HOR S ot erd B SRR and Bt U
ire l.eads,.4 i I i : i n
bt tor SRISLEAR Al (SRIRARCH S8 BBARSS 381 dE Bl <8R o 20 oy

furt hey gid\dnpdes PaRhsadesontt2ainopsEion bheerably habbe inwaedigiaugled hent2@ siefacts so
as to maintain a low profile and | ow space aspect of the socket connector.

(FI G 368 .that idteedaodffegiahe camact witbwhd side adthe kgipatieage. a hei ght so as to form

a slight recess that will accommodate a heat, transfer nber, such as a
heat si nk m.uwwiww]a@r@apa@&w&fwflﬂwaﬁmge m%ﬁ@ﬁ%‘&%‘?‘gl%%%ﬁafﬁ?ﬁt boar d

ith fast 5. (FIG .50 !t o !
or of e pas iR et tppro e o P AR ARG SR ARGEL il ecalbrar ©
? ceptac irﬁr@ﬁec?ghrﬁcls Ush@tRdop 24d AR PRYesD & SiBCRErds Ryith fHie&EbddisRALS ithgs

at correspond to location(s) of different '
is possible to increase the capacitance (and current supplied tot he IC) in the same horizontal

surface area provided by t he connector body portion Thus, such a construction may be used

where the designer has a limited amount of space available of the circuit board, or in instances

where the IC is small. In this construction, the capacitor plates are preferably vertically arranged
25 in either a Power-Ground-Power or a Ground-Power-Ground order.

FIG. 41 illustrates a power delivery system incorporated within a cover portion 112 that
fits over an IC 22 and the cover portion 112 has been rendered transparent for clarity to show
how it engages the IC/package around its perimeter.

FIG. 43 illustrates the exterior of an assembled IC package with the power delivery

30 structure incorporated therein, wherein the decoupling capacitance 42 is held over the IC by

means of a cover member 262. The assembly has a plurality of mounting holes formed in the
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power contacts or termnals on the IC. FIGS. 51-54 illustrate another
enbodi nent of a power delivery system 500 constructed in accordance with

t he princimo @285t he present invention wherein the conne@®cawush220393 i n the
form of a socket 501 which has a plurality of discrete openings 502 forned
in the sidewal] s ; AL IfBifer hashRe o I6N Y58
capa@?gﬁﬁgﬁloﬂih?rﬁéfééﬁ%g 5%?%@93358@?%83{%%&%&%@3@%@? A different termnal,
or l%’xdrgat?ﬁodé%hlé&?erﬁmgo@@f 1WsRdo Whpdly bbiver lerthodicowiingatgaditancd £ads 506 of
-77 WO 03/ 028095 PCT/ US02/ 30593 which are shown as wi re-fornmed_| eads

havi ng a gaGe: a4-50-Hspechnothef emboditieohofithe presens inventierein wiich aaledd? isy

| oop end 507 and at the opposite end 508 ic{}: fr?e tails 50% t.hat nmay .be

sol ddwebtiwithin & seekelrstylaconnssigr 412 whishyes the dsepuning §apasHancy AedNeHPYAEH + he

sidewal I s 504, of th ocket connect.Qr . 11 i deduddy pl ace
? her dhsrety rA%@“ﬁ%ﬂﬁ‘iéﬁ? TRCECL GPIRE, orslggl%se]fecgag%‘lr;\lgrc or Q%ﬁg?%lak %gﬁ? icl)op edn s 507
thereof .ar s FhinGht N@Yt dobbrativdip defideactdnval
el ecth) &%%Qﬁlﬁ{ggbhﬁq%&?ﬁgﬁét ?&gfgﬁ]gﬁé ‘ILGC i nser‘Fergli n?o t he sélcket
con “ﬂgkﬁ{n; 4DD&liSHoRePRE eI hiteeinds thd1G 13NOThé openidz 408endyehan hadughdBle,

i des

prov or a redundant circuit path to the 1C and al so Iowergg} t@g
i nduckiaeia thé IC bies o theicirakis baand in trntasy st contaeisvs trmmalsiBR). (BaA0e Ve as a

set of first, or "power" term pals" ich are arrapged i n.a pat n, or
ar r aydechuplingrspagitassed? mehdes %PE“F%P%P}AQ’@“ AR 06@’5593%%“’%‘ ﬁ-nlba wer
termnpal s 550 arranged wi.t.hin t i Lar . : JRCEPL @t € and
e e e A T e e
Thesey non- RO 1023 i PelTodeshih @ soB@hcomGaior $p2.i thg cont act's
and t%leowl% 'k%é&%rﬁﬁaée%da%?l?%%n??ga}m 510 rra; be Sgr oviccc)ied as part_of the
packagpaginss U3 secelveeReif powe frond A pswessupplyi0s mértesido s ciewihogrd?06 by
sidewalls to forma support for the IC. In order to 15 agco dat e tg% | op
ends why bheacdsr @IGedfls The dpcorpsationspfghesedlissegie srpagFay inge Be£CK Y FORIFRE ed
Wi th recesses 515 that encxlsﬁfe thg1 I 00{1). End%4 7 and which permt themto
def | efreesundwace HEToundEgths Knl$op e GHCYHBOFE Ren i nserted into the socket
connect or ening. The.wre | : I ds 10, dEBFGhiRRdtoieed at
IPow cost aiﬁﬁﬁ?ﬁagg?r52§3 SVEry I?eadg‘glrﬂr%?gp elgqﬁgsl %R)S%g&ladﬁd may be u?%r med in

al ter I ety soeR@WBnhdtté sitkvalle 40k Chimpatiers mey podide on
of thgﬁ%%egé%a%hﬂe&iﬁﬁﬁ&ﬁg% 510 and the sidewalls 504 nmay be forped

t 0get hgiveatiodl Shn@iterspisehevibin MGs. 44-48) whishtutibre enndpefbicaiiigleadotthier, i n
effect, the inner frame 510 serves as_a_ base, or roo({a#gﬁrﬁtilon of he
socketommatien paposesies ichig-typs @pagiiprs PP skaroitado eROTHRS Sr1e39s At B8 the

di scr et itors 403 have their terninal . :
ISeTeLE sapacLLoLe 00 have VLD UL ol OSSR R R RGOLGY
J&B 1t NS 4 BS LARCEaintE 2 LRARD R a8 IBELLHPEQ of BeBbaE Sordfestol.NEFIGH deYal | s

The body portion sidewalls 401 may have a height so as to form a slight recess that will

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

25 illustrated, or they may be spaced in different spacings that correspond to location(s) of different
power contacts or terminals on the IC.

FIGS. 51-54 illustrate another embodiment of a power delivery system 500 constructed in

accordance with the principles of the present invention wherein the connector 112 is in the form
of a socket 501 which has a plurality of discrete openings 502 formed in the sidewalls 504

30 thereof, each of which receives a decoupling capacitance 42 in the form of a chip capacitor 505.

A different terminal, or lead, structure may be used with this embodiment and the leads 506 of
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surroundi ng the capacitor-receiving openings 410 may have excess nmateri al
added to themor may be configured in such a nmanner so as to facilitate

t he heat - »toadsingp9sf the capacitors 403 and their | eads i rrcrvukee/3003hol d
themin place within the connector body portion. Alternatively, the

di scr | ) alENGRp bat Behrmdnhidiich fegmsigeval | s
401 bﬁfh?ga |%§d‘%lﬁ{é§\§igggoggﬁﬂgdgs§%m%mﬁgﬁﬁ%ddi tiﬁ%ﬁal materials, as at 440, or
by nohiinaGnt e atedP&idtsor sndatthk eppissiterrnd 568 i fred thitd 0% thet manbestlderedidy
portion. -78 WD 03/028095 PCT/ US02/ 30593 Lastly, FIGS. 56 and 57 are

under thieaércpisbeprlc tTheavivd loow leafls $¢fepass thpushethp sidevalisd A4rplithsogieticopaector
illustrated in FlI G, 30, jcq ilJustrate the Flglt(%enf t, Ln an as[senrilt)ded

st at e11%nd may be gasily melfedinplace thergin PR the Soekst P8 P henber s

62, 264. The.s [ ficati ' ' il : y

eat uﬁ’ggo% an%ﬁg)?gh?rg?f?ag ?éég gggl‘ﬁ {}JS'H}‘?@%&B Sg ?ﬁ;a‘r’? F%(kj/ %%%e%%%&%éflgﬁtﬁgﬂ pr esent
! ”Vef‘%erQct.vﬁ'E}Ythfe%hHﬁeofﬁﬁ 1C hieAEd Bitd HeisBclep SGiinicbol Tie “laspeddmatupast thisf t he
specification or shown in any one figure may be conbined with any feature
or chafpatdthsteiaind B30 prbeides for amgduntigcirpeit patbto thedCsypd elsbilewers de or
shown in any other part of the same or different figure. (Igfof{ exanpl e,

al t hoingluctanee afithe dertnarady angsthe averald cormeatonyr The leads ssrveas fset JflfoQer del i very

systens, it will be reciated, that the present inventj - used for
19° o7 Gawer R WHER ot A BUSPpa e FED Drrautpee ol P
ptimum perf o Al e R SegeTelal i Echdhéeidl i on have
@een §H6 ’%ﬁgeq%ggé%??xé\g‘g,&etfe \%a Isgbgfer garent mtggﬂt%ﬂgi%fttgkicl led in the art
t hat %L%pﬁ%ﬁ; AAvIBdidi CRtdoaRst BRSO HRAE th AR ualdIyivg ditmittbodepafttesag fr om
the spirtt of the invention, the scope of which is defined b?l/' t he appended
cl ai Mpon-péH Y RrABdALRVAHayPETIIISORGA) BGA, BG A spung ¢ontagis anddbe libpi ¢ package

conprising: an integated circuit having top si having a, first surface
area, a botAmwinnst %ﬂeﬂfwm@@loaln@éb%mvéﬁl@%@ta § Pagids P%@é%‘an?fp%%g? te to

h i de, a | i de_hayi hi : - d
bet we a0 SHe i b e EherpraonateBlsd dum fiePth e e R ARE € P aoe ar ca
fass S IS g%!(%o%mgﬁﬁg A0 gﬂ&s e $iik ?éarc]ﬁ Ypé AGEHHNE 51 @Ry bB pr&AcNg iBusifatede area;

connect’ion di sposed at the bottomside of the integrated circuit

for egliftteskad 515 GatkiosgiR 166nemeie 500 ahdwhitheeanit Meattoddflect indet theegr at ed
circuit to a signal transfer system and, ) )
insertion force of the IC when inserted into the socket connector opening. The wire leads 506

may be easily stamped and formed at low cost as part of an overall carrier strip 520 and may be
formed in alternate directions from that shown in order to accommodate the position of the IC.
20 The inner frame 510 and the sidewalls 504 may be formed together as a single piece by way of
insert or overmolding, so that, in effect, the inner frame 510 serves as a base, or floor portion of
the socket connector housing.
FIG. 58 illustrates another manner in which the discrete capacitors 403 have their
terminals, or leads 44 extend through slots 430 that are formed in the connector body portion
25 sidewalls 401. In this instance, the leads are connected to terminals and the sidewalls 401
surrounding the capacitor-receiving openings 410 may have excess material added to them or
may be configured in such a manner so as to facilitate the heat-staking of the capacitors 403 and
their leads in order to hold them in place within the connector body portion. Alternatively, the
discrete capacitors 403 may be completely encapsulated within the sidewalls 401 by sealing the
30 openings 410 with additional materials, as at 440, or by molding the capacitors and leads in place

within the connector body portion.

-78-



a power connection disposed on at |east one of the top or lateral sides of

said 10 integrated circuit for electrically coupling the sem conductor die
to a powewadslgmwsy system 2. An el ectronic package accawivsy2Be9s! ai m 1,
wherein the signal connection further includes a first signal interface

for carryi ]?a%ﬂgri FRis. ShARs7 EreQInd_@rsfde{p%%spfeét%%%yoﬁl%jc@eﬁﬁﬁﬁh@ér usel G e

interface Tor’ctarrying second signal” s'of a second frequency that are

di f f efy8Rksfi@Matddia HIG! 30, Whigrillesee th3.pldsmeht ot anssaniged Kageoftheor di ng to
claiml, wherein the signal connection further includes a bi-directional
si gnajappetod plated 24, 246 withinrteir eutgnappprmenibsrs 202¢3e4i cal |y coupling first
signal fromthe signal transfer syﬁstem_ o said segi condugtﬁr di e " %%g a
second si gHag spegifichtiomdeseribes ppd thel igpresslipstratgmans ralre Wl GRARCEIEI Che

sem conduct or_ di .0 the.signal 5 t{r far - ] &, package
Accor'df REP ‘?%edc‘?rﬁg‘?ﬁh angﬁqg&)ﬁes%tén%e 1\%&?1 2%1 f%% i ?ﬁcﬁﬁ?t es?m%%%%g?iﬂgnes a
bi - di £ 6eH1ANR) o RAVGIocfRkfbr Shifth Masy SREIuPRi bE BomBine nidhcal baterewp! i ng
power From‘the power delivery systemto said sem conductor die, and a
gr ounghapatdiistie desceibee i irgalther panwpttienpegficativn o sowrsai ahydir perididteor di e
to the power delivery system 5. An electronic package according to claim
4, whems or differeptfigure dBbi exemples plihanghitie ahpye dessripton %?rﬁ%’é?”ﬂlt@ég‘? SR8 uct or
die. -80 WO 03/028095 PCT/ US02/ 30593 ., An el ectronj.c p ording to
cl ai nefipowgieleBY#ry SYEems:dhy 1%@?@?@@%@%@88@?}’&%@11{? ﬂaaﬁﬁ)gegl%gg??%nner
ortian |l ocated imate to a I S out er
1Bort i ﬁﬁmﬂé@ﬁf%ﬂwﬁ"?}% Watees f?aglt% r‘{ltrg}%lfégég % ésjg)l} gﬁt%%%ﬂ iegfggnfgied power
connect | onyiiid e Btdtttod¥itodiflit P aRdnAntbA Gafiticen skt hafdastrissa i witlp
side. 7. An electronic package according to claim1, wherein said power
connegt hhréiaso thoBelEIRES in thedt Jtiab changpeaid yodifieations mgy datneadetthespina curr ent
carrying capacity of said si %nal_ connection. 8. An el %g; rg}g{i 191 ackggf
accor diithgut depettigrram thetseirsioh therinyenion, tha scape of mhirhds defaned by dhp a
connections is selected fromthe group consisting of: a conductive
conneélditeh; a capacitive connection; an inductive connection; an opti cal
connection; a transm ssion |line connection; and a wirel ess connection. 9.
An el ectroni c package according to claim8, wherein the conductive
connection further includes one of the follow ng: a sol der connection; a
spring connection; a land grid array (LGA); a pin grid array (P&G); and a
ball grid array (B®&A).
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10. An el ectronic package according to claim@8, wherein the capacitive
connection further includes a signal contact formng a first capacitor

pl at e, thwdasresossapacitor plate being disposed opposite Ha/esozsemsd
capacitor plate. 11. An electronic package according to claim 10, wherein
said gﬁ{)ac_i tive connection further includes a dielectric material disposed
bet id first and second capacitor plates. 12. An el ectronic package

accordi ng AR efdcBbsic backapé thapridingl udi ng a sem conductor die electrically
coupled to said signal and power connectiqgns. .13. An el ect honi C Rdaeckage

according to cl aiimtegated girewithaving dor afe barpge fist syfaceari® §9eLoy s
| ect i l. t f L Sl . ] ,
contr ol e hE hrghy S E0p alsh T AFpHid Bp6aRTL He B0k, o ATyiRAAGaRFOr .

processor . 4 RlyMR O3 DAROASHISed hdsweed B1d361Bsidd dnd tha beften sidenvberpactkage
according to claim12, further including a |ead frane %grri er,; P&nd, sai d
si gnal conthécitsudice ared isdewller himpagh afdbaifint giwece aer prdihsFeeqnd sPEEF FPhne

carrier, the signal |ead fra i ncl udi i : nd on the

bottom side tharEsH CPB?eCQPBESPP%%#&%%ﬁ%Wﬁ(SA ?fgﬂgal ? %Fg%% ftafroa‘lj}msfer

system an e@trﬁ?l%;f’%gﬁﬁga sSRRBRMIErRII¢ Beritd wih tiendteghmed dicpuit ts agipml pad f or
In

electrically cou to said sem conductor die; and wherein said power
connect i ontrhnsfersystempehdjdes a power lead frame carried by said lead frane

carrier, the power |ead frane.havi we 0 L: t her eof
and, |ocated pla(?ﬁ??"’ﬁﬁ‘f‘??n?‘&l%@ols%(fg? gthe S|E & %ﬁg@eog?%t?rgg%@?fg%%g% ing to

1@3'9' pover ; el Liq ey Rk BlorrRAlly éo@ﬁﬁ%@ﬁ’e etlconapgesiiceo bpotvieddlivest end,
aving a powe pag ?or electrically 0 coupling to said sem conductor die.
15. An el egydtani ¢ package according to claim 14, wherein said | ead frame
carrier includes at |east one el enent chosen fromthe group consisting of.
a sem conductor substrate, a sem conductor package, and a printed circuit

board, 16. L i b giofmllcdnnéatioh fetthérnc| udi ng a
Aépelg%tgﬁlgcg;gﬂkégggﬁe&ﬁ&% 18¢EMhdl RMeteth thb Sighnllcdnn g

sem c%hduct or pted To encapsul ate the sem conductor die. 17. An
el ect r oni ¢ ipdcdaadinctnntintgfice fal amying Airsisignabs of & fiest feoendBdecEcPsckage

is chosen fromthe group consisting of: | astjic pa . H
package andignabingsiace for cmg@gqonﬁgggﬂﬁiﬁ %fae%t’?’b‘f#%q“%%@k agt:arggg(f;e?éﬁngo to
claim12, vwherai ﬁe@?é.n% sem conductor die is part of an integration chosen
fromthe group consisting of. a level zero integration, a |level one
integration, a level two integration, a level three integration and a |evel
four |3r-1t =9 rﬁ nggtionic package according to claim 1, wherein the signal connection further

includes a bi-directional signal path including a first signal path for electrically coupling

first signal from the signal transfer system to said semiconductor die, and a second signal

path for electrically coupling a second signal from the semiconductor die to the signal

5 transfer system.

4. An electronic package according to claim 1, wherein the power connection further
comprises a bi-directional power path including a power path for electrically coupling
power from the power delivery system to said semiconductor die, and a ground path for

electrically coupling ground from said semiconductor die to the power delivery system.

5. An electronic package according to claim 4, wherein the power delivery system is

decoupled from said semiconductor die.
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19. An el ectronic package, conprising: a top side having a first surface
area, a bottom side having a second surface area and di sposed opposite to
the top swaeg3asmdsa | ateral side having a third surface arrEa/esvd3088sposed
bet ween said top and bottom sides, the first and second surface areas being
S greater tha ' It : ; LS 4 Shlfacs Yhsdid@nigther 82 WO
03/ 028095 é&'f%ﬁ%%ﬁfé@@g agébé%%gg%gl ﬁ%%bvyﬁeé?lg%ﬁégﬁ}gglg? on gt ﬁ?sen‘i conduct or
subst r at e; jRIweshic RStSSrHon Pralcd peoximates alcattemaf salddow eidc cohauewist di e;

and, a lead frame carrier including a ?I gnal cq?nne(éti on Iocattec%ligtloc%%idd
package bopeion lomgtedingeximatedo @ resimetea of p3id % §UGSPWEL RSP

sem conductor di e and S| I r Mstem and said signal connection
i ncl udes a{°§1fl§ gposfegﬁaﬁ?roél?}cg%opk@a&s}%ﬁaﬁm gg’d frame including first end
having a signal contact |ocated at said package bottom side for
electrically coupling to said si gnal .transfer system said,.signal Ieggd

frame7i ncl dai sleptranisapckageanerrdingde clatm d ayhereresatd payrer SRENSCHAN HaA AT
i gnal pad for. 15 el ectricall i | S ORGE b 9hal o
O R oL B o i st

coupling a first signal fromsaid signal transfer systemto said

sem conductor die and a second signal path for electrically coupling a
second. si gral eléctomicsickagearradingueciimd, yhp@l%%il@sg?@%ﬁsaldt%@qg?lﬂp% tem

20 a power connecti.on gcrtg(iqga{ngcﬁe %gqu\%&%nﬁgtin% 0, DRRKEGR éo%ﬂecgf_?)ﬂ; | at eral

si des and CEMRRCHPRSISFFL en salrd sem conductor die and a power
del i very Ssé%aﬁmm&&%nn&@m,r 26 ORAREYS Eohnbetidnh e optival ustinegtian; power | ead frame
w th power cohtacts disposed at a first end thereof |ocated proixmate to
one of sai & tpaskgentlinp camubction;endla wirgless cpgiectigl.ectri cal |y coupling to
said power delivery systemand a second end opposite to said first 25 end,
havi ng a power pad for electrically coupling to said sem conductor die;
and, g bi-diy a%&%&iﬁﬁackeg@éccm@ fonAimc, RéhcRripieRbnfRtive tomeetier furtheal | y
coupl i'ng power rom said power delivery systemto said sem concguc or die,
wher ei nsaiitlclpdaseme iofiteufdBewimg: deoblepramectiang @ sptiag conesHen & PMERRd PIFR)
vol tage that is |ower.than vol t ner y said power delivery
system and (&C@Qéégﬁl@W@ﬁpﬁe@iﬁ%ﬁgﬁﬁay@gkfs 30 higher than a DC
current generated by said power delivery systemand a ground path for

el ectrically coupling ground from said senm conductor die to said power
del i vergy syA# eRttronic package according to claim 8, wherein the capacitive connection further

includes a signal contact forming a first capacitor plate, the first capacitor plate being

disposed opposite to a second capacitor plate.

11.  An electronic package according to claim 10, wherein said capacitive connection further

includes a dielectric material disposed between said first and second capacitor plates.

12.  An electronic package according to claim 1, further including a semiconductor die

electrically coupled to said signal and power connections.
13.  An electronic package according to claim 12, wherein the semiconductor die includes an

electronic element chosen from the group consisting of: a microprocessor, a controller, a

memory device, a transmitter, a receiver, and a signal processor.
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wherein a current carrying capacity of said power connection is greater
than a current carrying capacity of said signal connection. 20. The

el ect r oni wopesaksige of claim 19, wherein said signal conne®dTarsoeBoBer
includes a first signal interface for carrying first signals of a first

frequency | [ r ; | ) lagdhavi n
e e e o A
PCT/ US02/ 30593 saill.sighabcainectionointlodgacii@mt leat fioiresi carrid bywhelead firagwi d si gnal

contact is located at a location chosen fromthe group of l.ocations

conii sti Bg cgtrier,(thg sigpaldeadelrampe @CB‘Q&&%"‘L%‘FW %tiogé,eng@}hefhoﬁ@ﬁ‘ ﬂﬁfi h said
package bottom i . ﬂ‘b.% e ' snd (4
i nsi de sai (}fl?ﬁo kglgegle%é&? %lgrm&glﬁgtgfg g)a%gi, ﬁéﬁaZal fpo gtr%gl(’:gl% %%:étw?g bllqggg? ed 051 )
sai d el ect kpafifst BRL kadag atsighal priot electababawuplingmio saltesegricanducibr diecatd ons
consisting of. (5) outside said at |east one of said pac ag;e to nd .

I azj er al (s |) des, (verdingaid pamen cenneptignsiurtherdngpdesqy RP"‘ﬁ‘éi‘?@gg@ angﬁﬁﬂm it al
sides, (7) recessed bel gw at_ | t ' I

Sl dos, and 8 SRS ROy Yy TG iuRihellne s PARAADE B BRCRLEBERR, |
-84 located proximate to said lateral side for electrically coupling to said power delivery

system, and a second end, opposite to the first end, having a power pad for electrically

10 coupling to said semiconductor die.

15.  An electronic package according to claim 14, wherein said lead frame carrier includes at
least one element chosen from the group consisting of: a semiconductor substrate, a

semiconductor package, and a printed circuit board.

16.  An electronic package according to claim 12, further including a semiconductor package

adapted to encapsulate the semiconductor die.

17.  An electronic package according to claim 17, wherein the semiconductor package is
chosen from the group consisting of: a plastic package, a ceramic package and a glob top

package.

18.  An electronic package according to claim 12, wherein said semiconductor die is part of an
integration chosen from the group consisting of: a level zero integration, a level one

integration, a level two integration, a level three integration and a level four integration.

19.  An electronic package, comprising:

a top side having a first surface area, a bottom side having a second surface area
and disposed opposite to the top side, and a lateral side having a third surface area and
disposed between said top and bottom sides, the first and second surface areas being

5 greater than said third surface area;

a semiconductor substrate;

-82-



10

15

20

25

30

20.

WO 03/028095 PCT/US02/30593

a semiconductor die mounted on the semiconductor substrate;

a semiconductor package encapsulating the semiconductor die; and,

a lead frame carrier including a signal connection located at said package bottom
side, and electrically coupled between said semiconductor die and a signal transfer
system, and said signal connection includes a signal lead frame;

the signal lead frame including first end having a signal contact located at said
package bottom side for electrically coupling to said signal transfer system, said signal
lead frame including a second end opposite said the first end and having a signal pad for
electrically coupling to said semiconductor die;

a bi-directional signal path including a first signal path for electrically coupling a
first signal from said signal transfer system to said semiconductor die and a second signal
path for electrically coupling a second signal from said semiconductor die to said signal
transfer system,;

a power connection proximate to one of said package top and lateral sides and
electrically coupled between said semiconductor die and a power delivery system, the
power connection further including a power lead frame with power contacts disposed at a
first end thereof located proixmate to one of said package top and lateral sides for
electrically coupling to said power delivery system and a second end opposite to said first
end, having a power pad for electrically coupling to said semiconductor die; and,

a bi-directional power path including a power path for electrically coupling power
from said power delivery system to said semiconductor die, wherein said power includes a
decoupled, regulated direct current (DC) voltage that is lower than a DC voltage
generated by said power delivery system and a decoupled, regulated DC current that is
higher than a DC current generated by said power delivery system and a ground path for
electrically coupling ground from said semiconductor die to said power delivery system,
wherein a current carrying capacity of said power connection is greater than a current

carrying capacity of said signal connection.
The electronic package of claim 19, wherein said signal connection further includes a first

signal interface for carrying first signals of a first frequency and a second signal interface

for carrying second signals having a second frequency different from the first frequency.
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The electronic package of claim 19, wherein said signal contact is located at a location
chosen from the group of locations consisting of: (1) outside said package bottom side,
(2) flush with said package bottom side, (3) recessed below said package bottom side,
and (4) inside said package bottom side; and,

said power contact is located on said electronic package at a location chosen from
the group of locations consisting of: (5) outside said at least one of said package top and
lateral sides, (6) flush with at least one of said package top and lateral sides, (7)
recessed below at least one of said package top and lateral sides, and (8) inside at least

one of said package top and lateral sides.
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