;e3eHEL, x6T 01 JUN 2004 PONER DELI VERY SYSTEM FOR | NTEGRATED ClI RCUI TS

UTI LI ZI gmmmmmu PACI TORS Reference to Rel ated Applications from

Uni ted ional patent application, Serial This(gppigmation

cl ai ms pri ordidseNo. 60, 325, 107, filed Septenber 26, 2001. 5 Back round of

the Invention The present invention generally relates to systens for

i ntegrat ﬁmulmlmmmwm More particularly, the present invention relates to a

power de m a signal transfer system a package design system a

thermal nanaggg@at system and an el ectromagnetic interference (EM)

em ssion control systemfor an integrated 3’{6#3 (?Rﬁ Hiigprt advancenents m

10 sem conduct or tepbmvEmDELIIVm YSdEM Lﬂléﬁnsurners demand

i nnovative el ectroniGRACOETUT y, better

performance, snualler srze, ess V\er ght better reliability, |ower cost and

faster tinme-to-market. p 15 Sem conductor technology is the core bui | di ng

bl ock ﬁéwom c products desired by consuners. { t he

years,—a nts 1 n sem cond c%or ﬁ &ﬁ@&tegyrobﬁMalweﬁt@pﬂa@Hﬁ% Seria

i ncreases |mhjtsrappﬁca1tmnrcdﬁiﬁlﬁpf"9 or mance of integrated circuit (1C)

devices while mni wei ght, defects and cost of the IC

devi ceNo. W,Qii)w'béﬁ?@b ﬁﬁ%‘g 29010f transistors that the electronic

i ndustry can place on a conductor chip doubl es about every ei ghteen nonths.

This rapid devel opment cycle pernmits 20 semi conductor chip doubles about

egery @agﬁt denthbInvehition r api d devel openent cycle pernmits fast delivery
the nnovat i ve products & b fREjseims foointegraepractite M¥Enduct or

manuf acturer’léhetpmﬁt@nhEF’éﬂ"Wﬂ:"’r’t%‘7‘\53 years to perfect mcro§%ﬁ)e§,§§g& efka

rates to 1un af o nfmmemmaéaemw%% 1

ni crop 1I‘o%l% rate Iess t han erg geen aﬁg%l@fwﬁz{)ﬁﬁgﬂdﬂemmfﬂgn@ GHz.

Nanufaﬁug(ﬁ%esdeg@gs@ﬁt,athmlm?¥% SR dndamental barriers to 25

ext endi rapid advanc§ 3I¥I tg@ﬁghﬁgttersupmhmawn ingnot her

decade thmmmlgc@ﬂ’f@ SYRROARSTEr & 11 con transistors. These transistors

are anti ci pat qgﬁg g?,ynd 20 rranorret ers (nmin size and should permt

t h@ manifrAer %I f urfd mcroprocessors containing a billion transistors

whi ch run at speeds approaching 20 GHz and operate at |ess than one volt

within the 1 01 JUN 2qho ext few years. These new transi stors, which act

li ke SMW | ow of el ectrons i de gregﬁlﬁ(%g%meﬁa@t,

will turn on dtlﬂ%i’aﬁvé ehettrompmidwi%ﬂﬁ’é A ot
advancenent s m con ctor technolo L& tlaﬁdfasmrumedoeB@ ¢
t hat hay f@ﬁgﬁde S albdt S[Zl‘«t tess WRighh& F“?:}%é*}r%ﬁ‘{y {Aoe%’%%ls uSppI y volta

es gher
DC currepnt hi gher tra Si enftte cld{.gﬁm&fn blo&k foalt}nemmcvampte goq.}g qu gts

hi gher rE:amcumil@ﬁQﬁt ies, and higher frequ aéd 10
interference s ?ﬁé‘?ﬁﬁ mmaways,bmmm@tte%&‘%&%&%@@%ﬁ s incl uc{E

m cr opr o4ESEEHPY © ave incr eased i ntli?{én%gggfmg%gﬁéd pieuit ((@deveass BEE uj t
board re@bm@%qﬁ&emdnpﬁwlfa@émv #ity3pd Pe I pr oved product nanufacturing
and relia ity. Specifi c% erl}gctggﬁd&%@{)fﬁh@twrdevms:roprocessors require

1.0V opefrﬁtrlnr!lgm\gdm%%wef current, 300A/ usec.tran LeloRY S,
efficiency greater. W@heg%béreﬂmdaammrsmtttm eleefggnicy %ﬁ‘}nﬁ ripple |ess

than 1% Thes *t@&ur i'énents present a, ni_f t [ @svelvpneuteycls REEBHE
[OPr 0GE I?ﬁ(ggndg@@t gliip dohbles dm%@é%&té‘t‘% c;ngl‘?sr‘shlelgseji'h?har ac?gr [ ﬁsﬁéﬂ fPE and
Irements and P future,mcro e%g&%i&{o%h@ﬁmm Boreexampies Seralg

char act erfaettdedlselarmfth@wr%h? need new suppoﬁéﬁ%gteggqsmsawmm 5 yet

power del i ver k ﬁ{ﬁ% eq28 ek paafenmicaropEPREFOn and

el ect rorra@ﬁ@# érente ﬂr ) em ssion contlrc% dale 19@\@3511 @gﬁmmpnths

Power del | ‘éfiﬁ%ct‘b?&@ eédaﬁu}srqaplhqdl thg zmremltrspfaatff% ﬁtat need

Traditi onAl an i deal power. su sl %nl g% @é@%@re&wm ﬁttdhman‘f@hm%rﬁa‘tr on is

given to Eﬁmreadm'lgiléiﬂ'z MRy EapHEET A% e 20 desi g@ {;1{3 écgdgl')

board (PCB) desr %(fa %gpgmérﬁo%&@k@ndub'@rt@bmlogb rangEet % upp

Wi t ﬂSconvemeiﬂéWﬂ ground planes in the PCB zd)enanbmatﬁ;s
traces onfhe P%st%f)mﬁboﬁﬂ%mu‘.t(ﬁst mhqummmta%@a‘t%& a%ﬁc es&%\ﬁwt he PCB,
Hgh fr eqiBHEYPER S ¢ capaci tors con%aﬁgﬁgrﬁggﬁlm MeMsmtmm@Bl%y

swi t chi ng £28 3h6 blooudd permitidpe FpFY ng the hi gh freque
to ground. (hﬁgvl\%r frequency bulls ﬁg%éﬁ@ﬂfz%ﬂ@bpaatet@hsam}ﬁtoé}éﬁglg%tl@ﬁls :

transistors which run & speeds ap



25 subsequently recharged the high frequency ceram c capacitors. Various ‘
rul es of thunb exist for determ ning the anbunt of each type of capacitance
that is required for various ICs. To electrically nodel (tihjuN Bwer delivery
system considerations include the inductance and resistance of cabl es,
connectors, PCB, pins, contacts and conponents, such.as LSt Qrabe itfhs
capaci PFSy Ofs t PRode RN trarbistatew/ il ;ctgﬁca smkﬁﬁ?s %HPB’&@&‘?G Abw dtiee bast ,

vol tdbeé'“ ogs due to 30 induct an&e@/ :% deléﬁlﬁa %ﬁgslﬁl&%ie‘%@nce (V=1R
have jgaB aheREdprocessiri wilbium earA PHNeTs i DT IUN"2004 t ol erance of
devices in nost systens.. Sxip#ﬁ L?ar‘rtédmoﬁvi il rhdiiiteia eicrdphocessate that haKe Tagier

met ho§ludhoadvdncasugsits HySEREOHTYR ¥ equerty noi se. Each g&neration f o

semi conduct or t.g%hn%Wylow Sﬁﬁﬂ}desﬁag@@w\ﬁghmmlcyﬁvwi ghertt{)angtfﬁgg}l{r s

r equi elople KRIES.JHERRE RS *Sin"m cr on seni conduct.qr te(ﬁgggl %gi E&nggc&gn{aggé@/e

rel i abi I+&l¥rvoﬁgg£ﬁm@ﬂgm@amdnymﬁfﬂm@@@3§ﬁ%ﬁ’ﬂn FHHe power

éonsuﬁ%ﬁr on. ver, even at | ?wer H_@owecg 8 ysiﬁa{la@,gﬁﬁoﬁrbeespmmmhave .

. b efitst va 2 ,
consum&ﬂf&enwemmowm%\?@ U 1D HePed i Ng because "of nore transistors,
increased density of transrLesst ﬁerdﬁcé&f‘c{rg\ﬁt Bosxd fehl Bstate andspackege JOLHEE, 2D
i ncr e asweasap doierGopaect eyt Pyher operating frequencies. Power consunption
in mGroprogess ciRE dnd réliabdlitys nuch as three tines every two
year' émﬁﬁﬂ‘ﬁe By rcggir%%ggdgsor power supp%%/s 10_vol I Age%, 936llage, 0VA. Pover
consunpt i ongdRifidationefoamear fupire AMICTERAC PRJIHEqLRnCY H;c’ the power supply
vol tage (V), and the chjg capa igﬁq&ge%c§%}ea€&tﬁdﬁ®0%,¢égxﬂatﬁnewﬁbm B, agk
{@r mul aurnfeRt, 300Aflysep, trap§ieBh@ e EnE e, & m cropr ocessor with a ttycf)ieggl_esg ip
capaci t ance of Zlgsr\ﬁ&?ﬁ?{(.aﬂ&se?e RErements pppkyt asgnifiegnt gAvapcgBY % P And’, an
oper at YH§EF FRIFNS 5 GHz, Wi consune 55 Waééﬁstf&ts aﬁ@\ﬁ&%ﬁ@ﬁxeﬁ%ﬁhﬂd 1. 65
X 1. 65, % Iggggsor&gi@ﬂothﬁuomoamp@,ha&m&i ‘7586%‘3 Ssor w t typical 15
chi p capacitance of 40 nanof ar ads o GerGI &,gﬁ@{e‘ﬁsﬁ&ddrﬁg‘eqtdiemengl,lngwd an
oper at futgrefmismpenespsess haviagEVeRfIP® Tonsu 120f vvat(;kzg}(pg 4gg 5%?%%%‘6’1%?9 X
3,000). Power consunptj Ir JeBlV €9, dighadtrensien pa age
(V) anGeWﬁBPW?ﬁﬁ?nn%lsyé}g?/;E%éé forﬁugjl_agtP :IVI) This fornmula shows that
H:Sgh pg%glegggﬁu%i&icqmeffé)enae (EMD) qraifgipn €My vol t ages (V) requires that

i"gh currents (I) (I = P/V) be delivered to the m croprocessor. 20
Continuing with the two exanpl es above, the m croprocessor consum ng 55

watts of pc])?werergig. Qiﬁi' ng a power supply voltage of 1.65 volts requires a
suppl y mps (5511.65), and the mc ifomE T gdeal 120
vwatts of povegwartblivemi cogcemp supplyiss BRT G Wdf%ﬁ%{hgfﬁe%agé 33{:(%1{;1 requires a
supply current of 120 anps %0/ (1% e{aﬁgﬁgég%ﬁﬁq;oafbrideﬁvwmubme&g@@ft@ 6
tinmes q)@va'rsuppiglssassﬁn%drﬁ“é t SRIRES6T At these voltage aadl\./&eur rg@ﬂy
levels, it i S‘%}%ﬁéﬂg dwim%ggpég);d@igmmmmppw\ﬂﬁa@@}Pp‘ﬂ?altp VEEPENEH R

cdfr ent degisd- | F’lrage power throughout e&éﬁ) tﬁf‘“ﬁ@tﬁggeﬁb&w%méPCB
i npedange, | SyeldichRBgowdalimd snowmd pdartes b & g@‘ﬁ‘” ops “al’orig t he power

di stribution paths. Conputer sd%ten% PHESROS | 1igH SReqdériyrdetuutio dapasHers :
syst enstd distributecthp papier fROBE YIEhe" Conput er “syst em at &ﬁgoh %{ol tgz%t% q%

| ow current n&bh:hen %9@5%@crggedgyvswm:ﬁiﬁgﬁlmgmogmorém 4 oy shoptingihe n@“
30 the ﬁP’étFﬂgF &5 Vo tage regul ators or rri?duk%r agglﬁglwﬁgcq@fg,

whi ch provi de.thesdteedeshd. dvowerlfreqgencyugncaparTaR (S8 B e ar e | ocat ed as
¢close as possi'b' e on the m)t,gtg&board E&ﬁﬁcca@a@it&s.u\f&i‘i&ﬁ&ﬂldsméthumb exist for
nipgopr@q‘sgbquentlyorenhmgﬂﬁlg@tt‘ FWE&%nces and the resulting V(iht age drops.
The | ocation of themgo"‘"’tr (i, 5t b épaciRaich ton isheuiradi eV Ak St akes up
val uabl eletgraining tig 208U P 58 Uded for ot her conponent S EV%ﬂbd‘Qitﬁé‘inductance
di stri but ed pﬁéﬁ%{ecﬂ'ﬁ%ahy%dﬂ&ﬁﬁgmf delivery Systp® SADSKREUGPE T on pat h
must 5 still ve a | ow I npedance 'E:ghm ni m E{%tstﬁﬁclbﬁgghgﬂtggumhgmgstaﬂs ond.
Typi cal | yq febitariod dBerblasaconnsetorsal .b | ess tg%nto
(e.g., about one-half) of the.volt ' s)alin ast, voliageobeRS GHe
Traditi ocmiabijtorsx:@ﬁfh@é?c@l'vén THCS S)r??igﬁ%?%h%{gﬁﬁt) angﬁbﬁ)eavi/%%péetr. o the
power/grou(ﬁg?gl a&f%ﬁﬁﬁag%ﬁ@résﬁtdﬁb@' =7IR ) thiaee beppaam aesl VErtYE f0ddg
sol3%t i on¥ C¥bhsurre extra printed circuit board space and add cost. 10
In one power distribution approach, the m croprocessor and the voltage
regul at or each form nodul es and rely upon correspondi ng sockets to connect
each nodul e to the notherboard. , The m croprocessor nmay be nounted to an
i nt erposes board, and the notherboard haszone socket that receives the

vol tage regul ator and anot her socket that “receives the interposes board.,
The m croprocessor and voltage regul ator are nodular for fast and easy
exchange for efficient 15 manufacturing and service. Current flows fromthe
voltage regulator to the mcroprocessor over a path fromthe voltage

regul ator, through its socket, the notherboard, the interposes socket and

o S o o, " . o,

BN§ofYaGe Tegul ator is



4 01 JUN 2004 M croprocessor response tinme or transient current

requirement (di/dt), i.e., the rate at which the current demand changes is

anot her power-rel ated concern. Varying conputing demandd BN e

m croprocessor requires varying current demands fromthe power supply. The

conputing demands vary because of high clock speed circuits and r
giehiier

conservation design.5 techni guesy 18 rglek o ) Tnq the
o et anhes ol 9B A Fios YRRy SimANA o faninbegletaren

unpriedi ctabl e and | arge magni t ude changes
in supply current. uldi lbideequi ri ng hundreds of anps within a few
el s

nanos &8¢! e resul current surge denman Sl €@ S SOor
fromt gel y%alcﬁ%@n'&tqﬂoﬁ af snrnic?du@@fjfﬁ@?%‘ﬂa% ﬁtlfg‘?%;%?ﬁegglﬂ%mg;i glnot he
power delivery voltage accordi to - sRaiddo .
At t enpuppdtatie togairemenie of QﬁeﬁéHﬁ%é‘C@wé@lcggﬁ%nﬁg by oS:-Iilaci ng ﬂ_&cougl L0
capaci tors_throughout trh\? ﬂgy}gﬁaggggﬂdﬁﬁMmyﬂteqmvmg@hﬂ%l@lmwnt : W3 rt’age
regul a‘@h@hﬂlﬁbdtﬂ eT RORET ARer oard, the inter 0ses PCGJB%1 %{ng&bé‘sir%S‘dé@m,
and on the di %értsﬁﬁ%lg'vomg&um bongercapsiintionsO TGOS 8 AN RY ocated on th
BYEH R Olts the m croprocessor (g}a&‘t%%%ethiﬁﬂ@lﬁ@hit&rslﬂhﬁtﬂg:rg@?er al
e

circui?
o the m croprocessor package

di scr e} dropaRistas, inapassiddepstRI RIS R '
on the circuit 15 hoard.|n this apnroaghweceiidusbtiorin mareproefiseihe circuit

board ¢ ENGCIN@WSE%W¥%8(?§SEL%('{ ors to power and ground pi he

mcr opr?:gssor. In %ﬁg‘%ﬁ&gmﬁ&nﬁﬂ@@vﬂy&wﬂiwmevlélmﬁigP‘?%ﬁmggye%g?‘%rl}?i s

for nedca%thé‘&F§°’8?e% e . " These degou&)l . n%%(%%_g@oc' ggéngragﬁgaﬁg@mm(ﬂ',thsed to
surevgﬁg%estalg BN 0 G L Bpivgr eanst@Riey )}Ssr tthe Croprocessor W a

:1 rge current g/nen requi red. Thﬁl dg agﬁmd'el('cgoﬁﬁi@&ﬁicfdplr@cezspr(byﬁm@pmﬂ r

sour cespomrhxhlmlpw)éﬁgelq@éo@l ©EHR nli?cr oprocéssor . The .amunmgha&@ﬁgggglai ng

capaci t ance, needed &%ggﬁj%n%r b&emmmraetmpnpﬂéim?apaﬁtaﬂqgo CPBbrocessor .

The m ﬁ@ﬁ\?ac o S e to draw its re% i reg SQPGﬂirﬁvﬂﬂboﬂsﬁmmﬁSW@m

power siQr&dy yhdgageehLHs yolts, e At PREGRL u{!ﬁ?ﬂﬁl ﬁ%ce, the decouplin y

capaci tors Stg%ll lize the ‘%Swe{yoﬁgl iﬁge%%t&ygiﬁﬁplbyaﬁﬂmopmgesp@rmﬁh 98’5’2‘?3 to

the m cofymuverd8930 XilODF A& % et "the surge current needs Ofaiﬁ%ﬁeﬁmy

mi croprocessor .. Howewar . use.f a gowersapply voktageiofbyelt-2ad g8 EBHSI A g

chpaci t 9J¥B 0ﬁ2ﬁ°“6%‘?"y°| ncrease tile cost_of (ih Jopyer delivery system but

al o copsyRAddilconsiane Mlewatn(008 X 10 &1 PO cuit board, or el sewhere.

As the gower requi rement. of ni cioq%ggﬁéﬁ{eﬂ%emwohiw (Vo end therCuRSE

decoupl i ng CMFW@WW&(@A@@SO Ich inturn requires,| b {10Wo%r°r

?ﬂm}ﬂ"g ?%em

si ze decoupl i.n C KA Ppid REtniidd €ho3R thgshigh PBVACED
Unf or t uldlt ?'&f&“ﬁ%ger Ivt\}-glﬁtggor si ze deg\gﬂﬁni_@. J?gﬁ&%@d&omrmmmr ea
on the '%héél?i\;oltagar(w) r&quires thay bighoyoant e 2\/ ching speeds of _the

transistors increases, an undesifg @ﬂea,{mwﬁro@a‘ssdremimnnﬁmgé5mp§t510£p0wefa“d

: 4
i iyt arCentinassowith thedfWR PRMPAE S°nt ér connecti on bet wee i Cérar
di e and_the deCOUQJ{#@gW@g& bDI.65 ivolty regsiess aawa%‘i‘wg“{]ﬁgﬁ%ﬁfﬂs%@’( XL=
2~fL). THAMeKERY onductive path jnt er_cogri;lgglf#qg)ot“@sﬁkﬁﬂpu@ﬂtigeg)fl.o .
capaci t o e%gr&p?&eﬁﬁjﬁcommdngerlzﬁwﬁﬁﬁt?%eltaﬁ croprocessor, the higher
t he i nduCtance. The higher t efi@egéfsr‘(qyo/@j raﬁege@tihgandﬁcmaheofabout3. tim
M cr opr ogslssenyirestasUpPHHEFTTHhE tesi'st ance 6f the system due to the
i nduct ance, 933%%;“ pqgéeggﬁnce causes a higher voltage drop. Therefore,

e

it is de8V¥~ |"ocat’e t he decoupl i.ng capaci.t basgovied stpry to
segi.conduct or ditgeseSvoltags aral airenttenelfdt Ewl?fggfﬁﬁﬁgﬁ?%?%@coupl i ng capacjtor

i n§t'de the m croprocessor  pac e, blres @hpuer,syiswnnb@éﬁset@“m’ e
the 10 caelivettigecpaen: and low Hlfiﬁ%zeé’ Ogﬁregl?%%c c '

tance. Further, gap hﬁ)ﬁfe?
exhi bit inductance an achéﬂaﬁte%ﬁﬁgm?wb@msmwr distpution pa 'aggm e e
char act erlpeals that case F4y e]I ectrr cal nodel ed as a&&scéé.‘%ﬁ {ﬁg@oﬁ{pﬁﬁﬂhystem\t
hi gher freg&ﬁg@rg@m@uwdﬁ&ibamd\mwwws ,totrﬂléteipﬁ’ﬁﬁﬁ an c%ar acteristic
limts t Ha~8 ct1vehess of co%g ti onalel%qgwo@tag@mmlghmmmpa@m@ﬂw | f
| ar ge sur gayighivslempesndiew chaent %Eﬁ?ﬁoﬂ‘é m croprocessor, .this residual

i nductance can cause UnQF(ieEtr%&ﬁ}%@bfﬂg@uld{D@D@mnmm@ivgé‘?hW¥{d8 &al | v,
JPoveo hastki@eewrm@‘iféﬁﬂ"td”[a 12 rough pins in the IC ockg}e. Sfebb&d to
power requi r(feﬁgnt svoﬁgg@@iéhguhréﬁfma,axblooazeﬂlaslcktﬁa??%oséﬁ"?’il Rar pins to
accommodafe® 0‘f%ower, ’and .these additional pins increase the size of the
| C package and therefore take up val uabl e space on the circuit board. The
increase in the pin nunbers also increases the ambunt of force required 20
fox inserting the ICinto and renoving it ¥romits socket of the circuit
board. The power pins are run through the sanme surface of the IC, typically
the bottom surface, and with high densities, the power and signal pins
shoul d be isolated fromeach other to prevent crosstal k and noi se. Hence,
there is a need for a power delivery systemthat delivers | ow voltage,

R o e - o, v e



Signal integrity is a conplex field of study involving digital and anal og
design, circuit, and transm ssion line theory and invol ves phenonenon such
as cross tal k, ground bounce, and 30 power supply noi sg] JANt2fipugh si gnal
integrity has always been inportant, in the past the . swi tching speed of
m croprocessor transistors was so slow that digital signals actuall)

rese rr@lge d'c?]o roctbsot ¥ ndiBidiz8 kit inipelisees amdameewlgm' ngiplagedropind hedWﬁﬁigﬂns‘gs ,
repre At d) zeros. Electrical nodeling of si g]glgllg pr o 38%? o&mffggn not
”ecesﬁﬁ\r}%we@ﬂfsﬁﬁﬁmmnfslﬂyon tte mothaybeardfakespp ¥t ]8151’%‘% o8 and '
above even the sinple, passive elenents of a high-speed design, such as

Wi r espthefctmponifs.connect ors, arid mnicroprocessor packages, can

si gni ficant]y g%ﬁﬁ@%@%’ﬁgﬁdﬁéﬁe{ ?Qfﬂ%%y (€ clagartnfehe distrithution patralst

Further, t &8 can” cause glitches, resets, logic errors,

nd Otﬁ DI 9 b8 MBocdhiBé &Alnimize the essaingoeitsgs dwpkeEypionibadhe VRlaget he
ot hePHBLPE 2

using galvanic (i.e., netal-to-netal).cannecti on
| and ghincarat e (alaay redwdtor iglesy thao (y2-(aBei) ?n%?%ﬁ c‘???}b" %ﬁlﬁaai‘/ %E‘i’i@)@ agﬁnf
solder, to transfer si.gnal s between el QRGARERS 8o owetigrdnadr d.
As 10 nhilopsedestsi FFQ@‘B » BPERER rﬁ‘ﬁgﬁgihgfkgé@%ncr eag{gsa?ﬁanﬁﬂt?ﬁgesi rgnl;l e

anount . of resi st I hdesicanERweres dessasaldtions 4is¢ bonsuBREYER ve
i nt er@é?ﬂ?é@f?‘bsﬁdggﬁﬁmggﬁ%%%%%@%i conductor die located inside the
m Cro%r%&?&?&ui@d&rdk@cm@admm.d, i ncreases according to the fornula (XL=
2~fL). e longer the conductive path inter i LiRTwatRr die
10 the ni crimomeqeyesdistabytips %f%@ﬁﬁg%m?r°Pﬁcﬁ’§g#§g%’?rﬁf tﬁ’gﬁf‘%ducgt ar;hc e lﬁﬂﬂ?d
hi gher frequency of operati RRetitE 6 AREACASS Modakeis dise moktiey .
r esi st@ﬁ@én‘b‘ﬁ’ge %‘d[rl’?gp‘ﬂ;no%udggﬂag@dg{rg S{Dhe signal path, and this resistance
causesy bl 9B6locy@bE 86§ bdnapmedd thha istegear doaubland fhranathgraoard has e soo

e to mnim

desira nimze the jnductance of S| ohsemency of
oper at itﬁﬂreoéivbhtherﬁoétﬁg?)m@ﬁcﬂndi%ﬁ&@%ﬁoég&etﬁtﬁg%dﬁsgﬁé&ji\%letln g%egsoof 'si gnal i ng

via conductive contact r ' [ : st dndtean exchadgs BB8ffidiesued May
13, 19BTCropEoCesigy ﬁ%‘g‘f?l aﬁgtrfgga{lgéetgﬁrgﬁggdgfg%et ween iflbf:er}easi ng. t he desi re{j 20
g§er at H%fagﬁgﬂ?w <Bfvidd Curent Apwe Grss the valiase reaulaieyia the MIZIRPESFS O e
nce,

stem here is a need for a systemtha ' eE&dkden and
f r equeagytinfromites MoltaesFrREaieb ropgh Ftﬁ("i%/%‘igéhev\ﬁ“? hggforagﬂétgﬂr%% in é?E;féhe integrity

.of the signal. Such a syst %i {He2fe. t Tids pesldtivelsplong patidofndunient ze
t he cobpa '&}erﬁ‘@F%ﬂ??éi%ipgn@g‘ng#no dggy used in high speed diﬁ%i tal signal

desi gn$y (2Bitdotucds e aice dnCvoitagetdréjas; kdeh e speesHas feeadvaficeeni conduct or
t echnol’ogy provide microprocessors that have higher performance and are
smal | emicropsocessordesighs.di rect |y affects the design of the microprocessor
package. Factors relate LCr B 5504ssal agrthafesdrdand tiel mmbzoprecessent
ped cont act_éﬂaﬁ%ﬂ“ﬁf&%@é’%&;ﬁfﬁm?&of ground and power tg%nslt t he
nunber Stgkléaln %Qngdls EStbadH, Sherintbrsisgrisdard: cartige the IpisropseReaTar g aul the yRltags,  4c+

pitch, er of total contacts and total c I 7
01 -JUN 2g@iatorh Eucrent fews frorciae APy FREAPT i&ﬁhﬁ ,“?‘?{?@9‘]?%%?%3 03’2% cttﬁ “hei ght ,

t he signal bandwi dth, .the ' neatSr s6Cketathe intetpeseritmatd) tiss

| ncr eastoRg the¥o ggulalog t%%%ﬁ%wgagﬁgggt ors | N the m i(‘:p;‘%opr otﬁessoglré

~ typical rlng'crg&geg% ackbig e, Bl efiting eathithe tliearfinesublsappeschvbyPasses R L} arheardp o
ground a

nunber O d power pins. . Ilncreasi th
e opr agEaeeatapobér sooie, e pRItSHEER) OV FASTEHG oFLaofs, FaSAfp et Bproves,

the sem conductor die size. |n Sq Lee1P Q& ter path. per f or mance of
the m ct@pﬂﬁ@é@?ﬁrangﬁ}l‘q reFﬁEPeg§%§gt%hd§8€8?atqulont agts ;rr\g wi ||l decrease the
contact pitc %m{ep?{, RaR4y e iGN HEAlegtite thetvaltageoreguletos inthitheni@eP4eIsAYy t he
contact pitch™w I ncrease the contact force reatﬁi red?ffll On%%cflf%@ul%h Xi s
whi ch rrgmagg,qhmangmhd peth efswrdnh flowevern shart sl R IPBRIACT MG 534G 10
the frequency of operation of the mcropr 1 ERRZE tb eovad@thid
bandw dtvbltagdedtop., qWﬁé’ﬁbGF‘Hl%B&‘t‘Fﬁ%retFébf“gg%%ﬁh%gtﬂ B{e%déviahééeﬁg trade(?f fs exist

ambng these factors i r to produce a mcroprocessor having an
optl m 2 der et R o el g




V Thermal Managenent 15 Advances in el ectronic packagi ng design provide
devices with higher performance and snaller size, whi C&Lﬁﬁlﬁgﬁjﬁﬁl ncr eased
heat generation and heat density, which in turn may ca I
managenent to be given higher priority in. package design to nmaintain
reliability of the device. For me-croprocessors, higher perfor gn;nct;, .
i ncreased | evel of integrati QiR reatitemen {didity 1.6, fe rAgstl ed to
hi gher nonMﬁ“PR?PFﬁsﬁ%rarteg%oéﬁg? fﬁ%érg?tai n g@r eg‘i of tEe m croprocessor die.
Heat %@I& tion eﬁﬂ&h?ﬁﬁ{ c]ﬁﬁgéé i Ynethet powee-reloted sonceas e Voying (PO REvanced
sem ¢ TS EE ol ogy. The reliability of a %rgﬂ%r %géﬁ%ﬁ’%é’gh-p?’l _ The
%poﬂﬁgh{aﬁh%j Bfﬁﬁﬂ@iﬁﬁ&mbc@mﬂrhqmmwgméﬁﬁgcmbé?rﬁ & é;t e die ia,Jﬁ Lgr;cti on,

i ch depends on the power con the . [ bhfgvdt Bign
j unct icemputing Hesrands vwﬁ&e@%ﬁ?@ ch‘%s %dr%%?gggl?sgéw;l& rfefl;t e%WtSiQ@tt& gr mal
managenment of the voltage.. ' hrHebeteehiiqodsanayt ioffast,Hmprasit
regul dedrigHs. §‘K§%5\Lﬂ§ig%aghggﬂn%§teg§/mfﬁggBl;ocessor_l_lmjst be c?nsi dered .
toget her... Far g%ﬁﬁﬁh%ha@ge\g% 5Pty curremk altioratelp sequiningyupdrass of ARPE X4
ef fi ciaé‘rﬁlclﬁrgomra I'ch drives a mcroprocessqr Eo%sfq,{rﬁc r%,%@gg‘f‘%ﬁth@fvoﬁﬁ’g@h
di ssi piesanveeitndd. SThatesslting oYERRY SUT eéﬂﬂﬁ?g%b M rawn away from the

vol tage regul ator and micraopro : Qler BElevehe voltags acoording de theo
mai nt areguiater qaanéPﬁedB}aFF?@a%qﬁ'H@?%?géléc:%p%élﬂlg;ﬁgi neer | r?gﬁt radeof f exists

bet weep | ocatj h tage regul ator near the m croprocessor to mnimze
i rrpedaﬁ%’@“i%gd\?%gﬁﬁgy/?bj UN z004 resulting vol ta}gﬁ‘adrgaecoﬁ?ﬁ‘gé bR
ggove, and |&€@ﬁﬂtmga\t61menoha@gemaégﬁﬁ%tr5‘?°‘¥r%ﬁmsfl? e “Rict opt ocessor to
mnimze the heat generation and h i GlRtioh hwdsale] thea need for a
t her rralthrnnMMOV%@IQ‘?ﬂli"BW S[y%ﬁ{nsﬂjlgl?%%s gl‘s?ﬁ%vtﬁlytaﬁé_%gv\prom croprocessor. to be
| ocat ed nﬁa \elﬁl’faqg H}‘&g} BER! tHe@idThatkaie; end b thierdiettenit D erEPYREGAPEFIR]® 5
vol tag@cﬁ ?f&?o f kbe e'fe crenfly dissipating heat 0generat kg&ggﬂ) caﬁ&?ﬂfsﬁféemi ty
to MBxip &8id-flyilakidd by the cificuitbeandroytridmiae IECTORTAPIEE B rces of -
el ectromagnetiCc interference (.EM) em ssi A G rbERsdr ticigs bortlse o n
a 10 nisevarpldisersteoiecaRiing ‘&Rﬁélgﬁﬁ%’ﬁg&%?@?ﬁ%wt boar ds Znéﬁ cables. Th

. niCcropr,ocessor,.is f . Al GRsE of Bieciresit bbarEivbnnest thefseAUing FapacHE™s
M%ropr sﬁ’rmﬁggg&gﬁb%%agc%ave increased in freque Céds%rejce@é%u@m%

- beyond {0@dakr afll gloubtiping drethe nictproceFgRals O GRRaP arnoni ¢ frequency

signals that reach 5 Ghz, d th of these signals generate EM waves with

. wavel en@phsitmﬁiaforaﬁéﬁsm?grggﬁ‘? roportional to the frequency of tﬁle s'{e%lal
“(i.e., the __er@her etc{;@ ﬁéﬁ;ﬁ&%@%&mﬁﬁ@lﬁhmﬂmIenmeth&éﬂ)ém@w&{ yppLy S8

Typically, a 8?1°q‘bc iRe el d or cover is used to%{fnfﬂeodcc lmg'@a?a@msel d
i's gr oupgdegholRierneMiicleprcdsos vithta SHESREINY BRCR HEMERT t'0’ prevent | ﬁ;;om
interfering with other circuits.,The shiel atsby Thhimows ofi déwup
~ térnal cmgmmsweéﬁ%ﬁ’:eé”&fef?ﬁa§§v°ﬂ§h§ggﬁ°5?ﬁe devi ce “generating the
EM . However Iare%ge(?ﬁée;%dwniﬁb%o%&&@é@immenﬁaf tEvmieropesesafe ‘tr ough t he

S

slield, C%"ghﬂce‘[rﬁus hi el d hol es nust be sized,so g&gﬁn ot
escape, HQHEOS?M&&&\M ilste o tiraveids Tequiredsuree BTt hﬂ@ 89?‘}:"81%?—1%‘3% réi(‘:?uencyg
Ir

signals require smaller holes in the shi i thENbweoadliRb sy stem Hyustotikg
smal | er chpdcitors, @ad bprae, ¢ e&?‘r‘l?fl}n&ﬁa%a\lfzéa}'ssﬁ%éﬁﬁr ggvgl ing. Hence, an

engi neering tr aa?goo% S8k Scelfbr $h Bidagtolheetiod ssgd curtembnesds £ #et o f or
6]

cool i ng PR ai nment purposes. 25 The shjeld . t he
M £4 OPT QHRFGRbcEROL (HG@ewer] m@lf,disoretq@bm@d-mfgﬁ?d €¢8W@$%§%¢‘ggﬁ§?’ﬂs t he

hi'gh frequency harnonic si nm t hat u mg@a&ﬁbmatehmgthmmshﬁhél d
cl ose t dntieesaihercopraddBzBRYVES Vgﬁyfsgitf%?l\’/gﬁyﬂyocr?tnai n the harnonic signals
near the source &)f tgsgv&M'e Local i zed contai nnent prevents the EM from
interfer?lffgquqli SEFEFCT T Cuitry in the conputer sy ten% g)ut i%d Bling
restricts the A%ithé beyenegaienent odnnﬁsdopmcessph@miﬁaﬁfiso%w& GEOP MR SREAE .
Alternatively, the chassis of the coppuier sys . i8Echpasitdrband moed d
whi ch i npsfayRandeincraiset) whichin B FENEe aﬁ%“*&ﬁfﬁ&% gg&s‘%? “%%?P‘S'Z? n’ipf%s EM to

! nt38r fere :gettg agéor;:grilo g,tg %Jérﬁ SU%fortqu&teMNrgQ%lue or size decoupling capacitors consume
sp .

more area on the circuit board.



in the system A chassis |level solution requires snmall holes in the chassis
for EM bl ockage, but reduces airflow. G ounding a heat sink that |ocated
near the m croprocessor is another way to reduce EM. HO\OAE‘VﬁfN,ZUﬁM fromthe
m croprocessor that couples with the heat sink may cause the heat sink to
act as an antenna and radiate the EM. It is difficult to ground the heat
sink thr Ougg tﬁmvimh&ﬁ%)ﬁgeeeegﬁme tiasikegencrasts 24n indagjtable BUARN 0f TesHEANFE At
sink may reduce EM, this solution alone ngy not be suffi citené. ta?xdgﬁés

r equi gestoReictitics sissociated weith the dntercoprgction PEIVEER (e g iR diEionde NG S ") ock -

the EM. Therefore, there is a pee or, £ i dudly
cont adevoupling ¢apgmion &W‘-’?@%%Hé}]ﬂ% ogtﬁ?ﬁ F%rﬁ}%%%dut ,2-)asc}(i)'2'p'rli}E)Iﬁlmsnig%tﬁtta %ght her gal

managenent of 10 ¢ i T5Bdn thé ¥enhiesmduc®r diecside thpower del i very,
Si gnapaf{ﬁrl%tﬁgfp@ﬁctwgggégéoﬁ@s‘?%ﬁ?ﬁﬁeher rralghrrrﬂu%a1 enent , ?nd ehelggé&gagneti C
knter ] the Bighssihennduetdnce] Thehigher the fxeguency @1 ePeiEy?
uppoIrD?é %ﬁ?éﬁg{;ﬂndegil?rhrent ac_lvancemegts in aem' éﬁn%ﬁttor étg? y. 15
Sunmegmicrobrddessot,the highenthagenstamssgtyhe sty cup QAR BB BT o e present
invention to provide .an_inpro AY; L1y &l 18pAta ek deepaplitigus t hat
over ctﬁﬁtﬁé%m@ﬁé“s&ﬁG&%Mtvlogﬁ%edd%g'sggg%?ﬂrg’gteg c?%Eli\f?'zlel i vering pomg?ﬂ to an
Nt eqr at edg J,Giide kid ioqRisdRgss janglblopsthias by hitingdbe despuphes ci r cui
boar d “¥HREEPHEF 0 | ect of the present inven,ti&n isto Brovi de. a. ‘§‘¥t|§é em and
appar akpiwithe nstl the enicmprpegonpackage.as desarbet 2bts: & UERH 1 B RYF M Zi ng one
or nore capacitors t,hat,arﬁ }sbﬁggtorted by a cover or simlar nmenber that
Engagesndunsive petyiodnwymize tae INCuCiA S,  t hor obj ect of the presglr;t i nvention
is to provide,a c Ok LA clafb S SHdBdeidtate chabdctenistichas welbagor at es a
power transﬁlﬁheﬁe%ﬁgﬁfotrﬁ?éﬂ%ﬁ%@gy of the connector, whi ChA . f
pref ercagaa{taﬁa@amr@ctaﬁsm and yambe gleotsicatiyomppeled A %Wﬁ P ¢ t:‘i“éh%r t he
sides of top of the 25 inteqrated ciycuit ' 8 AReheEsiogn of
t he nuidsprencits, sueltiacthors 185%@&%1 ﬁaﬂucﬁg%%%k%ﬂsﬁ Egh? %tﬂelg‘reg% edhci rcuit
which, in turn, . J Oba6itdre AL lied siugeicugents amrdquiesdiyethe he
i nt egr%ngant&?%ﬁs?g%rc%%noﬁﬁ%%ﬁnect or, ?%d fre;?%&u&lgggﬁgp%%{l%gﬁﬁgor use
kg si BESH1, Bk edvidual Avddctancmeaninausa HOAge . "hér
B oL B i 1t
t he 30 for nHifto¢allyepo¥el a cludes a plurality of
pl anar capaci t.ors fgrf’ﬁﬁé ﬂﬁ:‘i&%é"it %ﬂ?réﬁﬁﬁ@ﬁ&diﬁbﬁalipﬁxsltudéafogr?modateﬁw)t/pqwm,
met al pOwerESApippenty ot &t o RS r om each ot her bg al0 01 Jug 2@04 ce
di el echt] felBidfifital phisdheeataltie size bfitheiGmaslsizeant themglore ek up XEPEHF SPEE) ng
further separated fromeach other with the power i brce WOQRAY
the capathd cirsithagpl-yThe Beirass inthe Bin TR @F‘\? m\?(rﬁq %asécégs%g st not “ar eas
of e gt edral Gl 11 it refholitle f Bon0hi Reketoft théirpitément. THARSNET G ¥° 1 0
el

#Oovi d&TAnyEHRS

very menber that 5 integrates one or npre_.capagito
ther i ot 6B shie susfa of thé 1G,4ypioglisoRebREPTASILATS. R PAIIGH Getes, the

extend therefromto engage, | ead an i nt i i igads bei.n
G 5pos prwar ouhHETHPIEOHOUBLRS BT D St ps By Fhl staficatnbiBdls Bel.ng

further object of.the.pr i ' i Sydtem iz delieeralaw valtgsorarp¢ kage
that takes er}cgs@e%plg(%en%gﬁ?%ra | rcu{dlfﬁ%bgglr}é and whi ch _does n_ofﬁgrr I% upon
gal Va”%ltﬁgé' E{aiéiﬁ, Righ GRérentyinidhibh arissian correet teiahigh perBEARCC I %8 ﬁ‘é‘?}% ’
i ncl udi ng ousing that recejyes the in e&;g}éﬁﬂle%hpqn% lhesigan. the
hgsisi ngublws amimopttmeé@trfﬁlétw&zefsﬁ?%aﬂé)s € SPPIREHGUST NG, t he
housi ng further having a plurality of contact pads formed on an inner
surface thereof to which are term nated, |eads of the integrated circuit,

the di ehfct Idisndl Bla@sfe@Par ating the inner contact pads of the housing from
cont act=p posed on an opposjng surface of the, circult p% P&it
i nner cont acKignabimtegrity ksea coneple fisldRf Sﬁgyﬁﬁvﬁygﬁ%t%?i%%?é) @%E r’lccilﬁng ’
contact pads on the, circuit baoard ¢ i R3S icidsy Balle Wlridbunce, and

t her ebeandeansyssien Ha¢ ﬂ?P@'n?ﬂ% W@X%f%*%;‘?‘)rﬁgﬁq&%ﬁ% i ntegr at e?iglilrcuié)gt o the
circuit board he . ' ioh st i K alaylséoeet impetangpndhepast @&ppor t ed
t REr eby POV FeSUPR a%?lp%%q%ggﬁgﬁg%g aésgg?ply of power to the inte rf;%tede bled
circuit swghfﬁ'n%s t $Fathicadtiremkson firanbistopy wassnt slow faah d1eaial $1§ﬂ%1§>ai§&%} R
system and apparatus that 20 capacitively provides power to a

m croprocessor and which incorporates nmeans for dissipating heat generated
by the m croprocessor during operation. The present invention acconplishes
t hese and ot her objects by nmeans of its i gue and novel structure. The
power delivery system of the present invention includes a power supply, a
vol t age

needed to




25 regul ator nodul e, and decoupling capacitance in the formof discrete
and/ or integral capacitors. The voltage regul ator nodul e and the decoupling
capacitance are each |located in a connector that engages helUN & The
connector may take the formof a cover, a socket, or a franme that engages
the ICin a manner so that the systemdelivers power to one or nore sides

of the IC. The system may incl.ude Si : I ERtE Mot eling ofl gigred
si gnalhsghf pudses] representing @fise?ﬁilgwcﬂursc?ﬁ’irggt%g?tnﬁggg{ogd}zi n the conngctgr, on

the circuit board gn whi 6 fbuhél ;gdodayrmrwnmmfépeﬁsﬁllﬁﬁz
trace.Prmagau@‘}W\?FJﬂlﬁ%\é@ﬁ%ggsgl (:klghgfgﬁléesi gn syst em, of ﬁ@f%gp\éﬁ%‘;ggjﬂo%%mion

per m t%diai)g{ﬂéé‘?enatﬁgéﬂplaq&&ﬁsivé eleinents ofip hegh-spsed Aesigh S es on' the
Ry

| C uti connections that are outsjde, fl.us i S 8fld Pltdgasi de
t he sq@nﬁ%gggmmm&aomag@soﬂnﬂcka&@&c%&éM‘?P f egsﬂtfé%wgieg%%?abl y pergra}i ts

the transferred signals tq have dif f (4IRS, resats; ogis enroghatgnd | ow
f5 equeleesled the sipnal. Furthes BipsC PAPSHE egegﬂegﬁ%cr?gllcgigéﬁf%r faces, such as

conducétjgé&émﬁ acitive, inductive, optical, transm ssion line and w rel ess.
The pr ntion also contenplates a thernal nagenent toits
various sys afly aviicebpracdssartmakes koziAet veith the mR) gﬁgﬂﬁpf@%ﬁ@@ ‘3{}{05 i'ﬁé
connector in"a manner such that the heat si m AACBOAY), pimgtikat
gener atretul-ts-undtal} comicctipRs ﬁ“@‘gf)aga}t}gtgq%tamﬁgyfﬂ §IA’SI pa%rgpbot h 10 heat

gener at ed 8% H]en (LC @eq_d Ot%sfg?\éfﬁﬁ]\alg%fw&h%@mﬁmcésml@dith@mpﬂﬁrtmﬂ_ qa@%

r egul a@BRY 2 §°§ therel n. e present |n\(ent§| on f r{'he{sa% Mé'{ol I ze an
Fly Coggersgilit&%lgé §Bedd Gifthe trandistorsent reasepntungesival aé%?’r'ﬂge BRI Ay Em
radi at yt I'C. All of these s stfms advantagconshy sqgicBiducidtadieased

i nt er cgnmREicdcnsididted withdheerguel HCPIEF G real estate and | C package

vol ume, and 15, i nproved produc bakd) Gnéababes adcording 1o the formmle @& ind
ot her de@§1¢MW%8P‘§ﬁﬁg§a%‘§@§g‘fgéﬁgf The present, i nv&igi'r.niaI nwll be

clearl yqaﬁgﬂef%l fa,agerttﬁé bt caveEpath intercatmegting the seBIGARARIRR “ai | ed
. " Brie

descri pt Description O The Draw.n 0 A BidhPEfEQiehER oDdperdtion
det ai | de@kgﬁﬁéésmﬂtoﬂhemhﬁleﬂ&a@’mgwrﬁ;e B’élugtra%%t]é‘%ﬁ%} rragqeuéto the attached

drawings in which: FIG 1.1 xAfRdudib Alekindictagncarondhe sigaalitadn a8t
atpect @fithe HECIGPECETTPT F?Wgénﬁi%ﬁgﬁaﬁhﬂg?r AN ng the assocj ati.aon ;of ah{%etoyari ous

syst emtbgszlgéﬁ%nfag?é 581804 hishédvalnge dtopapf dlncesised] deyigl-¢ Thezplere. 3 1f et i | ed

bl ock di _ the systens of FlI 1; F ' 1 3Pt thic&dprougssor
- al t er nafivpiFdhatindictancof ﬂl&@kgnarpact as @V?%‘r‘ﬁ%%p%@?gmg? FIG 2 and Iisépié) ng

alternative connections b é-lﬁﬁn y,tcat@ﬁﬁﬁ&p@@bﬁtacﬂélaﬁ@iisﬁlﬂéeMsp-ﬁCgat
and 4E W@%ﬁ%ép&ﬁﬁé‘f?@a{}ﬁé%g&f‘ t eéi ntegrated circuit of FI G;Sgtljred«%ir@&‘d
n!

3, illugtsatd.ng: i i 901 dogy @lrser@inetring fradeofhexists BEtwerR BFLPT
res :Oec'ltJ ?’&2 ?YgBE%ﬁg'%gﬁgagggE’glge \ées i edr%ms:}/lgrt;?en’sli%aq %&;_,gsd@foflmeggreﬁ,s ent

| pgent i @perating frequency of the microprocessor
there is a need for a system that permits the operating frequency of the

Hence,
a system would

cessor to increase without degrading the integrity of the signal. Such

hicropro o
rerep n technology used in high-

maximize the performance and minimize the cost of interconnectlo
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

g ign i : nd per
package. Factors related to microprocessor package design include: current per contact and p
o

und and power pins, the number of signal contacts and signal contacts
area,

30 socket, the number of gro

per square area, the contact pitch, the number of total contacts and total contacts per square



30 12 01 JUN 2004 FIG 5 is a diagrammatic view of the integrated circuit
of FIGS. 4A-4E illustrating the | C package design power and signal
connections in accordance with the principles of the presc{]n"tm,\{mmnt i on;

FIG 6Ais the same viewas FIG 5, but illustrating high and | ow frequency
signal interfaces coupled to different sides of the IC FIG 6B is the sane
view gs, FlGet RredMbng tHehkR] ihgnsted contadt hbighttthe sizua pandwidadend (1 ow)
frequency si gna‘f I nterfaces which are coupled to the sane side of the

i Nt eggahiRenductarudit size;l aBd ofiterifactprse same view as FIG 5, but illustrating

different first and second sjgnal t | f s Ok f;

s: des of tﬁécrpm Sfléﬁl%ﬂ Pl&ctﬁquerlﬁt%?x&?@%ﬁnl @ggﬁ%ﬁgﬁé&gf é@%&lﬁrﬁ.ﬁg%ﬁ‘igs but

11 ustratlng gi{dE6Rkdid il wellds $R50NRE: ditpnr of groahd nd powansns.i nterface
e o

coupl &8¢ SAnme Si the integrated circuit; FIGS, 8A 8B, 8C agcsi 8D
? e dgﬁ&em ie?eﬁ'ﬁﬁﬁﬁmﬁ@ﬂhﬂﬂhﬂrombe@ssommlkmdiantlmjﬁ@Fé@ﬂ@i pusgher of pignpics,
Cand 5, ilTustrating the signal and/ar EO@;"[‘ connect.d ons Ig’&_(?ééqhgutsi de,
f 1 ush contabts ané tesssericasduries difs1zh NSERFIRE RATEE PO EL MR o 8A, 9B
and 9C are diagranpatic Vi f i ' ' AN Dydredsind| GS.
5 and NEATEPEPCERIOr YU+ ABGTFRS tﬁ%tﬁocgépls‘gnaghg‘gnﬁ?ggglﬁgt%g:dbrgﬁﬁﬁtf powe? cog;t act

o0 ! ML RIRAG! driStal OitaciOivbAB UBEIGASIg fhiedtestaot pitdhewillinewase: thel cantaetfbroe. FI Gs.
10A, Brah 15 I'TTustrate a plan _view of the intgtgrated gitr(hgib} as. shown
i N Fl GoquiBsl al&f th8Z-axis 8Mbjctamay FyqBiresn inaeashdn SsgRaiFd CoOMASCEEm HIBr - Etuer

contacts located _on the 20.top, side ar R RAES de, i
£0  uithe Fepnansy of PR P R RS ORI e o ] o8 At Standl i aa; Hohde

pref erred, gnbody NeeRh8 BaRtofy ekt avong thesSfactdrs iis omled teappodneed i ¢
el evatﬁh(?H]é‘Iebevll&g\?vgg&dtstﬁgtf? teér a?ed circuit of FIG 5 and located in a

connechefroprbbéssoridwingsarcopimiged package desigvat i onal vi ew of the integrated
circuit of FIG 11 located 25 in a connector fornmed as a cover of the
integrated circuit; FIG 12B is a diagranmmtic el evational view of the

I nt egrgt eg Ci rci;‘i;}l ﬁ% eﬂegt 11 located in a connector fornmed as a socket
that r ' ed circuit; FIG 12Cis a di a,grarggtti C d
gkevat i onal Aviv@weoin élberonit pariaging desigoprevids deviess with highes Regiormagee an
connector forned as a frame thaf, receives the.inteqr el Ecuit 230G
1515 emallageiznmdusizicat by MOFORG B Brobta i LGP D BEE Ml |

coupl eﬂletm%al management to be given higher priority in package design to maintain reliability of the

- device.
For microprocessors, higher performance, increased level of integration, and

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

25 Thermal management of the microprocessor is related to thermal management of the
voltage regulator. Both the efficiency of the voltage regulator a.nd the power consumed by the
processor must be considered together. For example, a voltage regulator operating at 85 percent

efficiency and which drives a microprocessor consuming 120 watts of power, dissipates about 18
watts of power. This power must be drawn away from the voltage regulator and microprocessor
30 to cool the devices in order to maintain their reliability. T herefore, an engineering tradeoff exists

between locating the voltage regulator near the microprocessor to minimize impedance and the



arenote circuit located in a connector or on a circuit board; 13 01 JUN
2004 FIG 14 is a diagrammatic el evational view of the integrated circuit
of FIG 13 that is coupled together in a stacked arrangen@n]t;l‘waD 15is a
di agromatic el evational view of the integrated circuit an ré circuit
of FIGS 13 or 14, with each such circuit including a voltage regul ator
nmodul e and decoupl jng 5 capaci.tance {8 VBlta S Re el faffkdm tHeé 15 a
di agr avesuiting velt pw|fe§$r§wd§$0¥%gh‘|ﬁ)ﬁ®é‘g$%te ci rcug?ltaand remote circuit
of FIGS 13 or 14 '{nﬁh]?;% fikdi Gehdratidicdriddicapdemsityl t age regul at or nodul e
and a %BEFBF?ﬁBrtg\;&plam aﬁ'@ee; nggi 17 is a diagrammtic el evational view of
the int egraF—]%ﬁgé}&lE&é'HaMfbemﬂteanalimmg@méﬂtsl? tiondhpt pgrgits 4 PELROMRT o ach
circuit including a voltage regul ator dul e.and ' saPRehtiapce

| ocat eghi@oprocessorta be looate pem\@ltag%r.egglg&rgq ﬁmﬁggﬂg%%a@g% Il onal Vi gw of

the integrated citcuit .a . ' eat deMitytd manimizeeach
cbr cui voltags diap Whulg e@%‘fl?rgg'e&?gg%tﬁlgt%o%P%gﬁﬁgn%cat edeor11tya gré)nductor and a

decouplti.n 1 paci tance located in a connector; 15 FIG 19 is a diagrammtic
el evat fe&}?gf&gi ew of the integrated circuit and renote circuit of FIGS 13 or
14, wit-h each circuit including a voltage regulator nodule | ocated on a

a decoupling capacitance |ocated in a connector; FIG 20

DAgNEYC Brentew of the integrated circuit of FIG .11

conbi ned wi th a g ko fBBRARTRR oRAG: @Dyt encissimizclude it wamisiash BAIEE )
control syst S§E 1"1I's a cross-sectional :I/\#ew of a Level. F%\Qof_ e
S@ni CO%BHﬁécd@ﬁﬁiﬁﬁdeigﬁl@hmhmom eievitrbaardsnd £ables-wi PHTFEPIOPTSRY; 1R Peg £he e
present 1 nvention with an upright sem.gond ' 26 SARRE ihdryded wpe

si gnal largestrsbawes OfEM] 1969\@*’”?85}5*?%% D?Igcr é#éaés)s:é%gulgcf@s? %lea |C, FI G 22 is a

cross-sectional Vj f WAt $ €L et clook sipaslk agre gensrate hargac i n
accor dJFR%‘eWX{? ]tﬁg%pa?lfir@?’%ﬁ?dg the present inventionp wth a fb# pped

sem conglyct.ary Q%;ﬁalélﬂﬂitE&cHSi(BMianaybathméﬁms@ﬁiig%lsg?ﬂféatgi VY55t 8t ace and
ppl1ed to

power su _ the side of the. integrate ' b o1 b, e 2 the Hgler the
cr 0ss- seavélengihs thpkare &1VerTedy P@PBMQ{;’«S%‘? ﬁﬁ‘?‘ﬁ%\%gﬂ\ﬁ&? Wﬁaﬁﬁgét si fk member
a{ SE ac hegecwe%&?,ttﬁé shorter the wavelength). '

a conductive shield or cover is used to control EML The shield is grounded to

-+ Typically, |
provide a dissipating path for the EMI to prevent it from interfering with other circuits. The
shield usually contains holes for thermal management to create airflow to cool the device |
E'genezrating the EMI. However, large holes in the shield permit EMI to escape through the shield,
20 and thus the shield holes must be sized so that the EMI does not escape, but airflow is not

restricted to cool the device. High frequency signals require smaller holes in the shield for EMI

containment, but the smaller holes restrict the airflow available for cooling. Hence, an

engineering tradeoff exists in sizing the holes in the shield to for cooling ar}d EMI containment

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

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

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

improves the airflow around the microprocessor but permits EMI to interfere with other circuits



FIG 24 is a cross-sectional view of a Level Two sem conductor package with
an upright 30 sem conductor die, capacitive type of signal interface and

wi th power supplied fromthe sidewalls of the package; 1m %@UN 2004
FIG 25 is a cross-sectional view of a of a Level Two se 1:_3 kor package
of the present invention with a flipped sem conductor die, capaciktiv%type
of signal | rfa i b Ssradll hdles incthe ofiastil €onBlE bipekagd, Gut 26
is a @rqgggysgéfgt ﬁ)ﬁgﬁsﬁ\e/?%ﬁ%@ﬁg&ﬁfg\?g? One sem conductor package with a

f1i ppeducessffiowenductor die, capacitive type of signal interface and power

contacts on the top of the " integrated circuit: FlI.G '
cr oss- sect Growiding ahedsinkihat localy &F%&ﬂ?ﬂnﬁ%ﬁ??cwo‘iﬂﬁ @g%%ll ‘%%JZH rlegléc%y a

socket_connect or suppor i ' GG biAR Geayedadsh@theat nk,
si m | BEME é{qm‘fcf-sm;ﬁf% I%oﬁgﬁgsa(ﬁéﬁ%%%@%é @%&é 28 1s a peyradsmcht i vg view’

sf an I,,g ggéﬁemkﬁyaniteﬁhﬁﬁraﬁe i ht8 SheSHMI e M6 dfffitiietopgrosmbithe iheatormk tmoughnthe i s
or ne § a level two sem conductor package carried in a ¢o g}gto that is
f or Meghig@pceate backage sarsicadthetigh prounding st hast sink é‘%?ddﬁqi‘?%gé@g iSPAHC8 and
heat sink; FIG 29 is.an expl oded vi of .t he t . 29;
FI G 3bnesnay mtéﬁé‘?ﬂ@éﬂtéﬂQPSS\FF’%W%%(?”%\S&O&%%@ %‘fﬂh @@%ﬁd@gﬁ@ al ong
lines 30-30 15, 1hereotqFl i i5hQRed fit@h ENMBEontaisient syatenadhiaer nat e
syst eﬁ’F%@%@H%?Ph’@gr@? Eﬁgt él?ef%araeéglgfe(fgr?g% w th the principl egaof t he

Pr €S en it Ghom Bl dh fraduensy signals syithon compromising thovhumabmappganay of
enbodi nent of a power delivery nmenber of the present invention, taken from
tthe unidesystale. and il lustrating an alternate neans of 20 supplying power to
t he capacitor structur , 3 |sferhaBtrifdferepackag@ddsipte thermeal
seni conductGrSUPuRIRYGE'S eéﬁ%%!)a&%tpﬁwg{%gﬁelygy,é% 33 is a isg.a per spect i ve
vi ew %az?a%%ﬁﬁ{, 284 SleBFoRa SRRl itteeforente (BMIK) emissiomcdntiod fonandn@srﬁt%cgﬁmtt or
SHOWN

package 'n FIG 4C, and having an external. neans for _connecting to a
power sseppdded t8Supfod fusireiand guipentHg BEICERENL LRk HFIBHCOY °gqrtt%(fhr?8{% enbodi nent
of a systemassenbly utilizing a capacitor power delivery structure of the
present invention in place upon a chip package and having a neans for

ﬁ)mmrs cgi | Bg 0W5¥@IﬁvéﬁQﬁh sink; FIG 35 is a sectional view taken al ong
 nes - ; G 36 is a perspective.view taken.fro

under si de, Afcpardh@li,étisat&eﬂéwbebﬂieﬁ%q’fttg%ﬂe _“@leéﬁ'ﬁ%ﬁ%?v@?raﬁé{n § Fdé?eég BT
e PO deiyesr pysiero s FaRAEDs Bat b0GMhAS ARt Eiioned dRadvaieaicyn dalivering

suppl ydeliyesy FYsée Wer to an |

power to an integrated circuit without occupying large amounts of space on the circuit board.
Another object of the present invention is to provide a system and apparatus for
20 providing power to an integrated circuit by utilizing one or more capacitors that are supported by

a cover or similar member that engages the integrated circuit.

A further object of the present invention is to provide a connector for an integrated

circuit
preferably capable of supplying power to the integrated circuit along the sides or top of the

which incorporates a power transfer means into the body of the connector, and which is

25 integrated circuit which results in a reduction of the number of conductive pins (leads) needed
for the integrated circuit which, in turn, reduces the force required to insert and remove the

integrated circuit from the connector, and frees up additional pins for use in signal transmission

to and from the integrated circuit.
Yet another object of the present invention is to provide a power delivery member in the

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

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

10



01 JUN 2004 FIG 37 is the sane viewas FIG 36, b [
_ _ _ , but taken froma diff
angle and with its housing renoved for clarity;, FIG 3 8 is a sectil)na?arent

view of the capacitor structure of FIG 3 7, taken along lg -
thereof; 5 FIG 39 is a partial end view of another enbgdiorrgﬁ'fN @Pﬁa3 °
(F:)?ggglntoir strtjpture goEstruct ed in accordance with the principles of the
_invention an vi ng ,st er.e oxer '
G atilsimmarah esioBtpan St P8 Sharuy 15 s Rpn ROt BB o
Tt nci 6 Lotfilr P REHou R LR mhitdf teRbg AN tapdciarg sipplpaghraliyoé with the-
princi S the present Tnvention 10 and illustrating the use of nore
t han t wFreanrasithds toldbtiast aréds@f thdintegraeddraiffect i ve vi ew of a power
delivery nmenmber of the present invention rmounted w thi ;@ | Hpunt ed
t/ ioe\?vno'lf Ci h\MA; ﬁlrflhéobié?sqfﬁ'@e RISERMh ITVERRAIS f REOVIGS 2 RV 9FY el&%@ %gtl s an end
e section of FI . ;o f S VEF M
connectHFerates Qbe B Bt P %Ocr ? @cf r(Jl‘:l}r% %%‘gvglrc 3?1%3% af;ﬁ@:?ﬁ?’cﬁmgﬂﬁ# g (I:OOfalttaaSCt of the

present..i 0Nt itoRy thetdBont b érfsageleadpbmarintograted cif cudtn thelleastsrhal d
delivery system constructed in accordance Exv%/irt h the bri nci pl eggo?wtﬂﬁ?e
pr esentrdundehé fopnbatimin whisides of the integrated Filiewl-i t y of di screte power

Cane i ow ach Ather abiecA LRPERFEHD BORI I ATA AL ksl piskagq e dkes e
g : :‘) (r:] ;I }1?5:‘31 ggg‘%?n%%%ﬁeoda?d Q(xé\%ﬁitc%‘%ﬂ;@d nof k&Wupbn @ a6 seupting toinakd @ithdgds aken

ereof; FI G Is a perspective view of the senbly of

iF"é)Gan4?r‘?|V“;‘§i§é‘? Hgg?té iufa {slliicgevgﬁ?elmdinlg ati_noasieg thaps meceivss the integratedcirpyityherpons ~ 48
_ . _ ) ,of a . : i
1 et e howhoae bieg & diecicaiy B PRuRe Al qiBF B AL iohofyinp o having s

vi ew of .t he conn : i ] i X
FI G 5@1?%ﬁ9/n°€°85§a§°8é%£§§t ai a@%’\?/ﬁg&u{fﬁ% %lgifﬁgf-&??@tg r?fad ﬂggzgéngﬁmgc}srﬁ%@f ’

45, i liupbtasd Agcuit, tRatisletitic plat siparatine thednaersertartpads of thecousigy ipgm

contact pads disposed on an opposing surface of the circuit board, the inner contact pads of the

15 housing being aligned with corresponding contact pads on the circuit board to provide capacitive
coupling therebetween to effect signal transfer from the integrated circuit to the circuit board, the
housing further having at least one capacitor supported thereby, the capacitor providing a supply

of power to the integrated circuit.
Still another object of the present invention is to provide a system and apparatus that
20 capacitively provides power to a microprocessor and which incorporates means for dissipating
heat generated by the microprocessor during operation.
The present invention accomplishes these and other objects by means of its unique and
novel structure.
The power delivery system of the present invention includes a power supply, a voltage
25 regulator module, and decoupling capacitance in the form of discrete and/or integral capacitors.
The voltage regulator module and the decoupling capacitance are each located in a connector
that engages the IC. The connector may take the form of a cover, a socket, or a frame that
engages the IC in a manner so that the system delivers power to one or more sides of the IC. The
system may include a signal transfer system that couples signals from the IC to a remote circuit,

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

PCB ftrace.

11



01 JUN 2004 FIG 51 is an enlarged detail view of an alternate construction
of a socket connector constructed in accordance with the principles of the
present invention illustrating the use of wire contacts that contact both
the 1C and discrete capacitors; FIG 52 i's a perspecti\er yiemwnof the
connector assenbly of FIG 51; FIG 53 is an enlarged detail sectional view
of interiorhgpackaph debiit spqemes tig prasae inentiat pirs stghalsrind/or powes taabe

detai | ed expl oded view of a portion of the connector asser,T(i)I}(1 &{ F{G 52,

i |1 ustowsledty drteeorphoncenefaceson the IE ytilizing cenpalipRonat 3e PBH Gy U] Wihss js 4 -
perspective view of a carrier strip cont.aining leads ' ctor
1o s swniAeg opfmetdece s cenissiogetokher” s PR AR ART T REf misfhatd1f SR0REET' O

t he cquer r.: i tﬁgltg hdi | shdfib$e fr&fienéiBslwith! G 58
i's an en?afggeg%a&é%@% dtovqlg\%vhggééﬁ al gédﬁ%#%dg%na%ﬁgnﬂe@ of rm?’j(gbtei_ ng a discrete
Gapac idifrenttygescanignl tterfazes, sactpacsmdnctivey eapacitive, ibguddsteapptedl,Descri pti on
O The Preferred Enmbodi nents . . . The present invention is directed to an
i mpr otwadsipission line landayigelesjst em 12, a signal transfer system 14, a package

desi gn system 16, a.ther | ] INCT LTl Mo i Qk system
20 for an I@epsese @ggﬂ?é@ﬂ@rﬁ%@g%%{sggxagvancea ntst?%es%er%lcongt?ctor 20
tech ”Q&Q%S Eﬁiwﬁicﬁ%é@t kinkRRQd¥EembiEbe afibched as the conngtaciassmamer shat thhiv e
faster’clock rates, higher power, |ower supply voltages, higher

.
cur r enheheah sipkenaltes ansiactwitl a heatrgenerating pefase of tha l5g® thak 1§y digspgie both
- f heat d L d i d f ] SS| .
0anc Teet Gonsedt st Gt 40 dhe DOorr g oSl S At (e oL PE REUB modyle

[ ncrea%%g hie .erconnect densities and inproved product manufacturability and
reliabt fy. em conductor 25 manufacturers anticipate that near future:
M Cr Opr 0CeSERY fredenpimantiyn Girthier maywitilice kn BVlmontreksystsps thatiinfprmeiaggart of0oA

t t, 300 Au, f.ast I_ent
" equl dheponterios e isioghrRR e s AbeF HE PAGmeRIBRLRR R PEEE,
| ess, and val.ia0e i ARGiliEs Fedubadcitdfit Jaee Ral Gtk AEITED packREe ¥6Nime) and

si gni fPEEATCdavancenent over present m croprocessor designs, and
8 Cr offfRREewRIGI6ds hag ficdeing aldaekattibtyi stics, as will future 30 packaging

wi Il need new support syste for r deliver si gana .
packagi ng, %Pl@g ofher O%I’i?ﬂ?tsz] W%Va\%van ages o tﬁ/e’ prese%{I ﬂveﬁﬁ&?&zﬁlﬁ)eﬁcleaﬂy

~understood through a consideration of the following detailed description.

Brief Description Of The Drawings
20 In the course of this detailed description, the reference will be frequently made to the

attached drawings in which:
FIG. 1 is a functional block diagram of the broadest aspect of the present invention

illustrating the association of the various systems aspects thereof with an integrated circuit;
FIG. 2 is a detailed block diagram of the systems of FIG. 1;
25 FIG. 3 is a table listing altemative locations for each of the system aspects of FIG. 2 and
listing alternative connections between the system aspects;
FIGS. 4A, 4B, 4C, 4D and 4E are diagrammatic views of the integrated circuit of FIGS.
1, 2 and 3, illustrating increasing Levels 0, 1, 2, 3 and 4 of integration, respectively and the

package design system aspects of the present invention,

30
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managenent, and EM control. The present invention is directed to

i nprovenents for these systens and others, all of which will beneficially
support advanced sem conductor technology. FIGS. 1 to 20 genﬁral |y
illustrate and FIGS. 21 to 58 nore particularly ill ustraf ,J ﬁ@-’*povver

delivery system 12, the signal transfer system 14, the package design

system 16, the 5 thernal nagenme ) : ' sBVLE SIRRktraghg feICem

20 for the FE&.2is adﬁ?*gr?ﬁmi‘r%@ "g‘?‘?f)gﬁ%a#gé‘%%ﬁcn%%tagﬂg@t he present % vention

whi ch r.¢aid WUSHT A% At B cortiklohs i ddebtdanitesith tgeprencadled bk pusetgr am of
vic

an el k% e or sySstem 10 that includes a power delivery system 12,
a si gnglvehti@nsfer system 14, a package design system 16, a thernal

managenent system 18, and an EM_ cantrq te 0 f . G 2
i || ust r at esFEGnGh ds desamedirproio. di gwhvﬁsrééng%ha@d§6W§f%ﬁééﬁ°§§r%‘@er v,

signal  transfer an age .desiqan. gystens of FIG 1, which explains the
rel at i BRIEACES Sﬁ’ﬁﬁ@gﬁ’ﬁ‘ﬁﬁgéﬁﬂggsséfﬁg”%mr delivery system 12, the si %nal

transfer Sy%‘%@”ﬁﬁ% ﬁx@qaﬁ@%@asm sclipstiilnstmaying @rird of fist (bigh) andsecpnd Ko@) 3
is a table that [ists alternative |ocations for ga%ﬂ of ghe sgstem

bl ocks flelhensy sigratlinterfieeCwhivh aas covplad ta dhesgems fidg of the IHeRRICE Xkt ween and

anong the system b] ocks. FIGS. 4- i g i i Banalasbhgn
Systens 16 Fab. fheistes ssme Heviai iyt 1o M e B aRESLets Sl

12C il lLustryate ' eflieSbf Gbidtegraed ehiomi® in FIG 5, being located in
a conn&%ﬁ?ceffﬁﬁggggﬁéﬁgka gover, agsrpcket , or a fr%rre, gr | ocat ed on a
Rbi Nted ci r quiy, 7BoRrtHe (RABYlewlBFIGNS, tvaillusgating differend LEH g FSCBB&AE‘P%’I
connections forned as a conductor, 116 and/ . e 118. FIGS. 13
and 14 signalinterfaces inisriass eawpladen the BesHE qéhgg’ﬁtéa%gg%ﬁ%‘nﬁﬁi n FIG égB 11,
coupled to a. remiteoni pEUl Afhitit @Gososeoaeiab vietvbfdie integat 114.
FI GS. 15- 19%@?&3@&?%&@@2@59&% the RC 52, as shown in FI GSt 'éé??’ agg
14, having: asyeGEage e gyilntestingdhesignal eodoppovier coapertions ecated Sutside, AUEL; ng
| ocated in one of the connector | 12, on the conductor 116, or on the PCB
114, orwitinyecasats ordnsign therepaemmduetpPacsess | | ystrates the 1 C 22, as shown in
FIG 11, hayi r j Lbetewmlof e agerret chysit,assi@vmind t he
ENC eni ssibﬂ’x‘(@%ﬁoﬁqﬁéﬁ enﬁ%w%salshoevm in FIG 1. FIGS. 21 _and 22

i Il ust L@@,-B%Jﬁmw@ﬂm&aay@tmmaﬁm afithe signal@and/er RAVEREPIESHNRR Ront act s

| ocated on the side of the IC 22 FLCEI é& icgrlgﬁ,trates an assenbly of the
systemMpaﬁﬁwﬁgomﬂ?ém@@ﬂorékde%f)%ﬁ‘ RS FlGs. 24 to 26 illustrate

package desi Yid£ f £, IBnRae Btheditegrabdntimoitsasisbowndd on
the top of | flaS Vil Toplid QI il B

| Tustrates an assenply of the syste
usi ng tpess QL2XB,ET a’rmwmidrmsll aﬁja;@g stgr%s@oréﬁcst; %ﬂr@fﬂy PRV |°PH§‘ES‘¥ E‘F {Q\f};"?ﬁ %
assenbly views of the system 10. F GS. . 32 : i : gqammect or
120, f o%/q‘pe sidg eng/og b@%@l‘-yoélmeamf?@%‘?&, CIERR} ir%&{lﬂgﬁg g%:éodl? pﬁigﬁg&f‘é’% ggsitt ance 42,
formed o ot lhulcl GAR Bk phtorred dmiddind0df dRlpesclivibvedtionS. 34 to 44 illustrate

vari ous? S0 e decoupling capacitance 42, forne n .i,N al
capacitor, caG eridwdiagmennatitaewationalviay of the dipgreteg clreyid 09?133? wﬁ%‘dégéagﬁ

cover, a socket or a frame. FIGS. 45 to 60 illustrate various enbodi nents
of the dmeoopiaciny; capacitance 42, forned as nultiple discrete c&p?fgg%rg,
carried by t i fmafi Q618 HioAsl view of Giedntegentabaitoit o FIG. e
Referring ba&ﬁcfgﬂglq%’(a% It Brlesents a bl ock diagram of an electronic
dexi ce 1f alchAteditGbrtesasa powenf theliitegrripdsire@iEm 12, a signal transfer
system 14, a package design system 16, a.thernnl. OER: T ¥sGem blaead
an EM cont rcﬂ‘l(?s;lggéﬁﬁﬂﬁﬁgfmﬂc p]evaérg_nal-ﬁﬂgwﬁfggegﬁ{ E| nvent | E)n finds its
greatest, utility in use w i 0. 508 hOmBRhte@t@bEyr ocessors that are
used in@G@H@e‘%{?%ﬁraﬂnﬁa%%%r%llﬂeé}rﬁgﬁ%%{&it Wi be understood that Hs q
princi pl es angr$tipHeck tar&%gf&mraﬁc alpitiond! viewafliley intageated eigcuiipidiHef 1 locate

. applications. e power delivery system 12 provides ugower to the 1C 22,

whi | e t hig ssdomnattot foxmsd s adipatedhat raceives g BFSreGH e t o and fromthe 1C

22. The package_design, system.concerns, i GRS LB Gpatk d or
. had&ing in whi'ts kﬁﬂé%ldéa%?mﬂ’é?cﬁgvﬁtéqngl,&lg iTe t%‘gégféﬁg?%élmtn%ﬂrggenen?gg;stem

18 cools the IC. 22 i ol ' glcgotit Boatdf he 15 EM control system
20 bl ock%rﬁﬁtef}rﬁtgdégteggﬁggg?ﬁégt#grgg The power delivery system12 is
coupled to the IC 22 by way of a power connection 24, that preferably

i ncl udes both power and ground conponents (not shown). The power connection
24 illustrated in FIGS. 1 & and is prefé&bably a bi-directional connection
that represents power being routed fromthe power delivery system 12 OVER a
power path to the IC 20 22, and al so represents a ground path being routed
fromthe 1C 22 to the power delivery system 12. The signal transfer system
14 is coupled to the I1C 22 by way of a signal connection 26, which may

o o o o T T ey S -



19 01 JUN 2004 IC 22 in opposition to a heat-generating surface thereof
anal preferably over a heat connection 28, which represents a path for heat
flow. The heat connection 28 shows a bi-directional connegt)i QR R represent
heat dissipated away fromthe IC 22 to the thermal managenment system 18,
and to represent are cooling directed fromthe thermal managenent system 18
tothe ICg ﬂhﬁa'éM SARaTO blesMESRIVREr ¢ fthe iiegratdd tiocuitet FIC. 13 thatds EM
connecti on . The EI\%r connection 20 represents a path for EM 30. The EM
conneglubd taethdrdnm stacked dirangetienkial connection to represent EM 30
generated and radi ated by the 1C.22, and at_.radi ated . . 2 by
ot her cir IG5 lﬁrﬁéharg@lﬂ@@aflﬁE]reﬁﬁl%%n%v?évn?étgﬁ&ﬁ%&rgﬂggaggpég g\f/lfb r%% Q%%‘g%f

nor e charact er b st e s and d;,ggoy latStas6dil b afld ling 0
suppoﬁG‘i Iﬂgoﬁ vé’%@%%@?’rﬁ%%ﬁ%&%&t ch{rll(solﬁiogggé.gﬁThe IC 22 is pre ergbl y a

gi g_ro%gﬁmgqoca{ydtmwméaa;be any other type of signal processor, such as
a digita

(ASIQ). Al PrH i a£é3§a§f£§£@p§ﬂ%?§%ﬁcﬁgg§v‘%§% e ibregried difputt anlsGHpR Afafl ot -
ther type, _ . i t _
Fecei 51S 105t Hhavih B St wuPRE Pt FRG s At daRBEAET T D

type of el ec%ri cal and/or nechanical systens that use integrated circuits,

such ‘éaé’a%%uters, t el ecommuni cation and nedi cal deyvices and systens. The
conputers mag. 1y s & ddgyanmaticielevatmnabviawi afite intresatebpiraripndgeRigiLIrout 0

conputers, handheld conputers, personal digital assi he |ike.

IDhe t EI@S dﬁmndﬂc%[ﬂh@hcm‘éﬁué%d&%@gsay‘é‘ﬁ@ r?%&%%?rﬂ?ﬁl&%&@;@rﬁ)rﬁiﬂéﬁaéi ons

systems, satellife; EX?t&fEﬁitb%Qrdm crowave systens, |and-based tel ephone
n

swi t c rIRFIagas IavAte ernet systems, and wirel ess tel ephone, systens as?]fsé\ell
as | nter netprey $8 658 didgedmmatis elevaticnahwigw of the integrathd cinedt i rerole eEeUY

systens i nclude diagnostjc) analytic d treatnen i and
The. | FEGS 10 gk vathaseh sesicoading Hroifigs s amhafie calR B er
devi ces ,arg typical . N the art as having a power

Vi ces égg?@{n%%gﬁ)yﬁlggnﬁﬁgﬁt@&ﬁ{ 5 €6hleBtol; s having a p

del i v@pg 2 orary and which needs to be perjodical]y .25
{€pl eni shedrrESYs his pAlidgthinmatie elevationhl aiewdof the integrated mrcwE@;d wEReE CHEEhet he

power delivery system 12 by way of a rechar ble or. non:r ;

power BIGSpl3jor H, udthregah cireltit incbulinga yoliges fﬁ@ﬁ%ﬁ?‘?g‘w iocg e %%é]g%%rﬁacve

a fixed poyer deliver ower to the power delivery system
12 in qnﬁga ‘%PHR Hyfgcgpflélltai)ff foeMel Bk cHhfMOr p y sy

ernating current (AC) froman AC power out]|et. Usegif,i\,lsly
these devi Cegs.2ONKeS diagrasmddicpbavationa vide pHiberintbgreted sircwi f FET o0l combin

DC power. However, in sone applications, the |IC .power. 20

01 JUNviZB@4hermal manpgengrat amfe‘ac'ﬁ%e&le&f: th?%?ﬁegcf @ngg‘%‘g‘%‘%%‘é?he power
delivery, sj AL € GRS ARPTEA seidoadictdrhackdgescohtrticied fthe | C
29 The pomggf']?éllf\?y%fsgs%%t@%?g i ncl udes a psQV\/er sqppI%;/ 34, a cog‘necti on
36 bet yReRIahbEwRR WS pindipiey ofthd présentioventipe withanappebifsaigaadugfoy e@e
regul ator nodule 38, a connectjon 40 beiis\/\ﬁ?n t he voglaﬁea]?_ﬁ regul ator nodul e
and a chpacitiykityny stgnshsteriaree Wi PO SR fyfhe sl or 18 1 e decoupling °
capaci tance e | C .and. i i THRYREEdIndlctEdpdtikhyeconstrheted @ t age
regul at or mb 1%{]1§ﬁ§r?§§ggg%da§r\ﬁ%%§?%ﬁg?ve?r ansf er gystgfnp.m I ncludes a

r ent e, 6l fbich wark (88 frifcisles 06 tisipreseainventivewith o flipped spmidoadustpy fig 2pfie

package 8e3| gn system 16 preferably includes an .| C power nk J 46 and
@5 | C aiiljzial acepavilivd ype signaliipterface, %&W?fﬁ}mﬁw@ tBé‘%eﬁlm@%%@g‘F %%éja%gy
generate a relatively coarse regul ated DC power at the power connection 36.
The voF¥&ye regul ator nmodul e 38 converts this coarse DC power to a

rel atively fijpeos ROHbBbEscBonANER offtheStaetmealf FIGe2 bwitbra heatwial mesibeno
and transmts It as needed to the decoupling capacitance 42, which 42

st or es agagHeddBéretori ned anount of this regul ated DC power and provides it to
the I C al ong_the power connection 4 Q. it I | t
46. Al terna’?ﬁI%%}S %F\@S?/‘B?OPQB@Vﬂ%‘ﬁﬂfﬁﬁ‘gyeln@vdﬁ?ééﬁég&ﬁlﬁ)??gpp Sb/q‘?ﬂleﬁr%%u at ed
DG power directly. to ' I5i ic8 And Ritfpotveesipplied floautheusi ng t he
d%Q:oupISFW@"%@B@&?&%h%%ggiﬁl&g%@ggg@g%gﬁﬁfdggﬁnnecti gn 48 tp?ansrri ts and

recei Vesysha3lR ¥ thel pacRakek; f rom respectively, the renote 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 20 bi-directional to represent power
and ground extendi ng between adj acent sz/ﬁsjtem bl ocks. The power connection
24 in FIG 1 is the sane as the power cbhnection 44 in FIG 2. Likew se,

t he signal connection 50 shows a bi-directional connection to represent
signals being routed fromthe IC 22 to the renpte circuit 52, and to
represent signals being routed fromthe renote circuit 52 to the IC 22, as
descri bed above Wth reference to the signal connection 26. Simlarly, the



25 connection 26 in FIG 1 is the sane as the signal connection 50 in FIG
2. The power supply 34 is preferably |ocated at a renpte | ocation in the

el ectronic device or system 10, as indicated in Colum Ay Raw Byef the
table 56 in FIG 3. The renote |ocation nay be any |ocation that _i.s suitable
to deliver power to the electronic device or system 10. Hence, if the

el ectronic device or system 10 has _a housi encl. LEkR the
power supplBIGra§ is)ecﬁl’BS-iS@ﬁB@tlé]dVlF“ﬁé’faéyﬁieﬁﬂiwodgerélﬁirﬁ@gﬁ‘o?lb&%léeag%rabI y, the
power supply 34 wll._ be.located insi +.he,,haHsé AehedE bignaAdtrtfack sl power

st r uctpuesenbinRyANtiR With RfLDP %Fnl%(?qﬁ%tﬁfd%’o%rp d. Ifﬂtq)he pl(gnwer supply 34 is 21
01 JUN 2004 | ocate I the housing, the power supply may typically be
nmount é‘tﬂ’npﬁtst%t%Su?}g?g@%??a € housing. The power suppl_%; %4 's.tﬁnqy it §§&3 of
devi ce thatFl‘Eﬁ%riéh%ﬁos@%‘é&ttonahﬁe\nﬂdf(a&epd@@fr%Flwftd&ﬁ@é pago W HPPFE or m
of alternating current (AC) to power. in_the formo i W &he (DC) at
o5 al ogenitdrelupondie, caprsatie type .‘g@ﬁlgﬁerf?éetagé W%ro%%l?icgzsﬁ/tggsiﬁ(’)n is typical
in non 5 portable electronic devices, as described above. Alternatively,

the poagrdedpr§™84 may generate the DC power directly froma ower

suppl y,  suchi@sfishalrb&ritctisiapaieint afithontegiaed ckant qﬁr‘fé\épéﬁdaﬂéﬁﬁgﬁf 55@%@‘
preferably generates the DC power at a.relatiyvely coar dnligvel to
M ni m ggnriebr €es tupputsdotipt dedoupling quﬁ‘étaﬁﬁﬁ\é’?‘a/&%ﬁng’ %‘i’ﬁa{t%'%ﬁéet%plgmrl suppl y
34 will typicall generate the DC power at a relatively high voltage and 10
rel at i FEb .um\m«ﬁ} 'ent at the power connection 36, as is know}é&ﬁ%qgg art

of power suppligs. 4 baw & 23 CnBsenibiy incopobSingayetens © ly | ow

06 28 o e

\lgltage and 1gh current. Therefore, accordging to erred,
enbodi ERRLER thitis fRbesenta level ewo sanicoriistar prckagy ﬁ%‘i‘*’&gﬂ%g ° 1#@?6%2{1 to

where the DC power conversion from hi LOME KAk SiAk; to | ow
vol t agdommmed asiagqvveumfbﬁﬁoqiét%b%{l’l’%‘%s %ﬁéﬁé}s % ﬁgg?%gati on and type of the
power Connetc%[%‘gaﬁi; Qrﬁ]e Saddighiw bf Bewglitiagasenttiwo BIG. A% DC power and for

the | ow vol At g urrent DC power. The hi v.Ql e, .| apt DC
power advantpgeeoss ¥ chsssedtiongloview of thersasengily leg ﬂ:’re&’ %’%&%?logg\#ﬁg%?? gns :

such as a wire or a circuit. board trace, that are .constructed of a

rél at i wbérgof;i ght wei ght anount of conductive material, ti\i\y/hi ch ni'ina(rénq'lzes t he

cost of the ns tbQbhal ViBRSE af @heluateisysemeassanitdy SORERCICAAP ude

met al s, condﬁ@?ﬁ\}elglg% S a?nd the like. The design of the 20 traces on a

Ci r cui t , igRIabcd With thoprndiples phHilve prasertieeii8Rs wi || typical ly deternine the

nost anount of the conductive platin ¢ embHiineapaf dpowdraleliverykness

of the cpnduEI(ﬁ-\@lﬁladft@FWﬁc*b‘f? isﬁ@é@yy?eﬁ&%%g}ed ilhs the s_amspacr oss the

entire ¢l rrr%”' Eft?l%%e? IUSRon fakbS foAIthe ondersiflé aut ilnstratngsa) ademalemgans | v

di f fer e unt's "or thicknesses of quatl ng on.different aL6as,Ptwbne

bogr d. Jﬁ@éﬁﬁgbomsqumcvm strusture thereobo% eaefmgwé&ﬁnec i“ons may

sonmetimes drive up the cost of .tgg%gﬁ:,ci rcuit board. For exanple, one ounce

of coppesmispadyctef RaskegrASSIPY) 8 carry high voltage, |ow current DC

power fromt Gpgﬁagtaéwrén@eécﬂve VbW of Aotheraystemmsserhidy epyerised W Adeye) tWo
rcal conpone

various el ec ts mounted on the circuit, boar wget, if
t he powggmfdeRRhtoBdackegestosmantiiGt 4Comdharngqd: © FIgRl %gaﬁl’rs g(r)l‘i é@%ﬁ@ ?{gr t hen

four ounces of the sane plating would be needed on the circuit board to
carry tipawess¢ppl¥nount of power to the conponents on the board. Such._a. 30
cifcuit boar gal?,aéi i h&% L BB S BarpdIRtTIte efbalimentaf a sysempasarRY e o
e>3|§ensi ve. 2 ' f ¥ %4 According to the preferred errbodhﬁ%tgﬁ%g yhe
present J&kﬁ&%&r%ﬁdeﬁ@crﬂeﬁmﬁxﬂn@d therprerenbinveRRANGH PR LT A CUPPBoH o
traces formng the power connections .on the circuit board preferably carry
hi gh volhavies a neansc P@W‘E@aﬁﬁ%@'ﬂé}’raﬁ%%? han | ow vol tage, high current DC

power in ordef mi ni m.z i{eg Bi4L34fdIG. 34;n such i nstances,
e Vs st

conductors cafi \% age, current DC power directly fro
"vol tage regul ﬁ@_@gwgq%egsp%ct&@%dwpuakdeﬁmphé w@%ﬁé@f%ﬂé@nﬂi eF%mfl'ﬁ%&’}‘ %:ng

wi t hout being routed through circuit board tragces. | SaLdoat or
. moglyll e 3gapBitorruature dead ipdhe wercd@wwt%&ﬂ?@ﬂf @8 P %Slaeqflﬁwléél\?iv()h%g us |

supplying different levels of power to an IC;

15



current DC power at the power connection 36 to | ow voltage, high current DC
power appropriate for the I1C 22. Preferably, the voltage regul ator nodul e
38 generates the DC power at a relatively 10 fine regul ateg 1l gyehpt o

m nimze the cost and conplexity of the voltage regul ator nodule 38 while
maxi m zi ng the performance of the voltage regul ator nodul e 38. The teens
"coarse” ang- hhRgq. QW BT t en BomUusH feltat fidle add withétsat i ve
terns that ﬁ%??ﬁgfﬂ%@‘t@rﬁ%ggfﬁgﬁg&%d operation of gtlhe power supply 34
and t hgyyiabiradevédnchiity; nodul e 38, and are not intended to be limted to

any particular values or levels. It is desirable. that the vaglt at or
modul e 38 iKIA38deasectivnabdier Pl sAparirr SHUEREE - éﬁn‘ﬁg‘?“ ﬁﬂ?iéﬁ%ﬁ[ %%%
circuit conpponents, and, if necessary, nounted on a separate circuit board.
Al ter Beie9bl y, the vol tage regul ator nmodul e 38 may be constructed of only
cjscrete cl gy ¢ QRAANPEAS vy Ot beboainesl of 1 capatitarsimomentsistusted
necessary of désSired. The decoupling capacitance 42 may include ng type of
capaci jhapes-dhfiatwite deupireiplponithe peséntmvention bl having ﬁ@%@%ﬂ‘b‘l"?ﬂﬁ ds

capaci tance 42 advant ageously supplies the IC 22 with high transient

cur r enexdendiegitheradiittied, as descri bed above. The decoupling capacitance 42
may be fornggd. of,.separ ' . ' iahbte e @hbsiipest dfd .

Di screte ca”oL‘i‘{Oo]Tséﬂf%ﬁ%#%eggé&%etg%geu{}&@?%eﬂtis&o%@%gfam' c, tantalum and gel
(e. 9., pRPGKRI9EyABRenaetonstapRAiih accordane withehé piesipieh pEherpigsenbinEcI®ited
or sur?ace nmount end connections. Such capacitors also include chip 25 type
tapaci srat lustPhting the ase apmere e (Y GHRCEFIVHESY provi de predet er mi ned

speci ficati nd have kn . S 0 i tp6seli meeion

capaci tors %E@"E’HslﬁlieéSpc?%‘zﬁﬁm@tegﬂr@:pt?ga&gg S| gfééﬂ%go?r%‘etﬁiﬁ?sstrand Wire,

st arrpegmaggdfvmgaﬁq,ho%ﬁg keshnt@Pdandiy withehé hhuesinghowarf transpasenti foneldriti;scr et e
capacitors nmay be integrally formed with a carrier |lead frane and may

i ncl ude rel FIGV4D is dncangevipof theciecinmedd G dpar at ed by a suitabl e

dielectric. The jntegral capacitofs sl i xtddkr@ncandinthy be
formed of aFd@g “l‘%}sar ﬁﬁﬁeﬁﬁvgé{’ﬁv ?{agceqﬁécrt&g%@c gf@%rt%gtegalf)aci tors 23 01

N 20 a%ﬁpégdhg@ﬁﬂi)ﬁ; custom speci fications, shapes -and
égnfi ggﬁg@geﬁs% e decoupling capacjtance 42 is descr'{bed i E_Pf urt her

detail bel OWIGEA s af exphededoiew of ap pltgmaiz powredglyenaHEteL GORSHEFd Mdul e 3 8

and t he decoupli.ng, capacitan 42 . olyg sl o By LR Jfdiera®y to
form séﬁ%ﬁ%‘é’e&la?% é}nﬁipflesrfggﬁ? %rse,g% uﬁ%\?ﬁces,@ggmgglnt%%ng??g mgr the I ke.

Pr efer%p)]@ér A EitHQWahp StHARKhid 4 houbiag it sagertsabeilGt or nodul e 38 and the
decoupling cdpacitance 42 are constructed, s&%ar at el

or in.alter i
const ruct i orEG. #hds thewemeyipyppy FHA 44 Buk with Hi5 compan ‘étﬁﬁfsgfr@?edn%ﬁét}ﬁ%ﬂ %F% may
be designed as a single, integrated device generating | ow voltage, high
c%ﬂrentc}mf‘itll?@aﬁdégul ated DC power. Still further, the voltage requl ator
modul e 38 angyd, kg 1d8GauRhhNdeRaald dssanbly4T FiGy4biakde slogs dinendb-46 thierepfig) e,
i nt egrated device capabl e of generating decoupled, |ow voltage, hiagh. ,
current, fi nelQ.4gis ameupmivi@d/g@’f of theasjembly oﬁﬁﬁ&awa%‘eﬁ mF?llg%quhe :
decoupl i ng capaci gnc& 42“1@@ t he power connection 44 or fromthe voltage
r egul atRIaceRAm tae ¥g 2304 B5FWE Power connection 54, as desired. Typically, the
specificati Ofg 1k 38 ehfard il vigweratperiayesthe wspmblynefIEle 45 dinsratég a
decoupl i ng 15 Tapaci tance 42 and/or voltage regulator nodule 3.8. If the IC
225 1 equiliE@stelapititor ased thateimur rent s that the vol tage regul ator nodul e 38

al one cannot _satisfy, an approprd.ate anmpun MR qiotgnce
42 i s neededFIG4%is RSEFIRN ?’1 i f°ﬂ‘ﬁ%°%}eff§§éss§‘fé‘5’br§ﬁf§r@ @'?rg u ea'ik%lg,cl ?gﬁ
satisfy thef,transi ent currents required by the IC 22, then the decoupling
capaci tg‘ﬁﬁeé) 42 is not needed on a continuous basis. 20 The power,.connection
44 incl udes @ny. 30/Renwhicgahdaiil view ofthedomer dfghe assambheoici det iipstraung 2
capacitive, inductive and simlar connections. The signal connection

bet weennieans fo€ retaiting e assesthly nplase may include solder, land grid array
(L&A), pin grid array (P&), ball grid:, array (BGA), spring contact and
otfer sinmilar connections. The capacitive signal interface provides an
interface for transmtting signals between two conductive plates having a
suitable 25 size and separated by a suitable dielectric material. The

i nductive signal interface provides an interface for transmtting signals
bet ween two conductors having a particular orientation .to one another and
separated by a predeterm ned distance. Tife renpte circuit 52 designates
menory devices, m croprocessors, digital signal processor, application
specific integrate circuit (ASIC), a hard disk drive, user interface
device, 30 transmtter, receiver or the like. In some applications, the
remote circuit 52 and the I1C. 22 may be the same or different electronic

-




24 01 JUN 2004 5 10 15 20 The signal connection 50 may incl ude signal

i nterfaces such as conductive, capacitive, inductive, optical, transm ssion
line, and wireless signal interface or the like. A conductive signal
interface provides a galvanic signal interface that reliesl Ugbmmmy

metal -to-netal contact such as those known in the art which include sol der

connections, land grid arrays .(LGA),. pi rid arrays .d
arrays (BGAFIGn isea eniaeged %t@gb‘ﬁgc{flagélﬂg aﬁonftﬁ‘f%lppégg@% %keggdelﬁte gtk. may
transmt signal.s b - iR nRll@tREng fHeafseodbline of
simil a?°11§§?gt6§ﬁ1aa%ﬁ?’%@ﬁ@?‘é@‘é%ﬁ@%‘ﬁgﬁgggfh? Igﬁe?gg?e dielectr i% material, or
air. A@od{tmyﬁ{ait VéntSttBod the TCaH AeRrdté capacitélgat transmits signal s between
two conductors having a particular orientation to one apother and separated
by a predet BIGi S apexsproties viewofde sauecter gsemblyféi®ack provi des an
interface for _carrying.si | s., modul at ed by. [ d \bit ed
b§ a recei v&XGa$3 %fr?lﬁﬁgqr&%{]g?t?%ﬁﬁfg‘ﬂﬁé,w%%8?:“13%&1@5% A é@éﬁ&gﬁgtﬁggﬁgﬁ%&f a an
opti cal 3 ui de, such as an optical fiber. The transm ssion |ine signal

i nt erfggﬁﬁ%'r Vides an interface for carrying signals between or gn til],f
paral | el comiGesoisa détaitddustiphgled wiewy ofa portion of thegonpesiqrassarbly f F1$5-3% ne
and the like. The wireless signal interface %ovi des an interface for

carryi dipstiating the pleermet et Bi,ﬁcr&_teccraﬁﬁ%%rtﬂi‘eéf’w d denodul ated by a receiver
at a zadi o I][:rIﬁggg gsca/ g%\éﬁercgge LA & d 5&%&%’&‘%e&ﬁﬁﬂﬁh§'leéﬂs @séd inAHé Gonnector

transm ssi o s alr or space. Each of the power and signal
cl@nnectag&%wgfp@. gmy be delivered to the IC 22 via any type of mating
arrangenment,” such as a circuit board, edge, carﬁ assean%/ Qi n c?nqhgocket
assenbly, plRIGSas6endby arcswidseside RESYREGEYS VIEWS QhBSICOECT 1 HRCT USBF 18418%¢ i nger s,
and the like._Fl 3 il J.ustrates a table 56 listing alternative | ocations
listed SVﬁe@éllu‘ﬂﬁ‘i’gte&méIbE?é’ﬁnghd K thereof for each system block 34, 38,
42, 22 & 52 BRPWR it Bn BhiGped dantl vidw ef anbltersativenmannei ofowntingadlisieteol ums
B, Db F, G | and J between the system bl ocks 36, 40, 44, 46, 48, and 50 of
FI G 2.cafgwitorim bicootectastfe thaqreset yERO™BE, 40, 44 and 50 of FIG 2 that
directly correspond to colums in the table 56 are not enclosed in
enthesis in the table 56. For exanple, the power 25 connection 36
di r ect Iy« G fkd PRGIHE0N OFTIR Pféied Batadimentsdescri bed in Col urm B, Row 1.
System ererence nunoers 34, 38, 42, 4&, 22 4%8 and ‘%2 %l algiéﬁﬁ‘lz t hat
i ndi r ect+y. cThe pepentdnventionisdirestad o rnimpraygd RPREIRIVERRY SR aP Stk Nesi s,
such as the power ppl v, 34 of. kng j StemUIBD hiyd &k BEBIIF
and Coltﬁﬁ"ﬁ??%,syﬁﬁw @&é’géé{lﬁgﬁélsemggé&%%alth in%ﬂfeo éllt e g?&%@wm y.p In the
tabl e 58 nulolSysith @08t AVEC 12| PRgentaaduhidipatedradiahecriats @ ssoueandeeiafhect i on
30 FIG

54 of 2, is not shown for sake of clarity. ver, I Lve
Soer clonmedognhasandlinedics 165 Sich g5 PRFOPDEEIOT AL A & f2sidl ot B, ¥,

board trace, which.i : &nt&) GRMEER Ciaats, lnagbedr i n
tabl e S{Q‘gg?f YWD gwe?ﬁ&éﬁ%%?g%eg’%g@&t%c%mr %g%%({rjl y Ilocati on i,s described
as bei ngqkAaGhgirdShizh 908-uniforn heatrdeasities) and incTiaes Bequene e RYHEMIFHORSh| 5
description generai |y means that the po(ger .S.UIFBl i S..5 hoca&g&ageﬁ any

sui t abl Anpillacye benefiys fortheretaduancemgntgiligues WagPR! ?/Q/sﬁcfrstﬂf?é BYL B ¢ devi ce
10. This description.is ysed t f : ihGiliAt Shicohdiiceor
desi gns“ﬁ?‘cﬁmﬁgﬁ?ﬁgﬁsia&g Wﬁﬁ%vg%i’goiugﬁrgﬂfg?@{%ﬁ%??%ﬁledllhg}iar cuits in their

ovs i 9hl ARReRES ahmifg%@lthat regf fiRbe afcroptbckasrstthpitallywil feguize 1 &' ordess

remaining circuitry. e term"renote” does not inply a distanc

rel at i oopédafingiveltzge, hE0H onereaten pyirsat; 300 Hakieear faa‘igp#‘b%ﬁ‘g ﬁB“?rgﬁ%"Hﬁ I
circuitry because, practicall eaki : B, , ¥nBdolt inpl
ol cot i Exaugopupioaty Birtsk Damsgibr b realalorl ) SR dnolidge ipple
vol tage L eghl 2{ O TR FuBsnertd Bredat alpdrificant apantémentevapresehe | C 22 and

, the rerm%e circurt 52, as described in Row one, Colums.C, E,.1 nd K,
r espect infietdprodssoraiesignslesd mikwgrasssons hayinpbeteaharatieasiSn ALY o1 Bn a PCB,

? %/ g;&%&ﬁﬁ;&ﬁ% ne%vs s@%sogtrslyst?tggls 'tor p%%/vc\ésr d%l*ive%y,as[i'&xaf'traﬁs%érpﬁ&ﬁ(hg’iﬁéy thei?al
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15 The connector is a device that electrically couples electrical signals
to an el ectronic device. The electrical signals carried by the connector
typically include power and/or information signals. The connector al so has
nmechani cal features to facilitate the electrical connecti dd {8l Yikie

el ectrical device. In the preferred enbodi mrents of the present invention,
the conn IS ' i aireéted tRingekahertofortthesel C. 20
The cin?aélggérﬁ%%’arél?lgﬁgggu é'?jrhgg)\efgsre tl%?l,&i{tﬁjgiﬁﬁdes one or nore |ayers of
NoncoRguEhl ¥ed AR, hltbf bichowilryensficialiy suportastvpacedspmicandnatps echrrlogy as
traces” or contact pads. The conductor ié a deyice thatgﬁl gfé’:‘;‘i?cathl coupl es
el ectri cal FHGGnhite 20 gonsralieillusateapd FIGHet) 00 & ORI HRAT 88 ©devi ce.

The el ectrical signal g.carried, b he chiar j i wer
and! oposieBigiery TR JAcE R R otE oo T 4 patBleiRfel SRGHAIINET
there z i1l TVt kaig RO d6r the ERi20| €11 & the differgnt
ﬁbbogﬁ?ﬁ@%ﬁ%&%gﬁﬁé lgh%ldtz‘%g 'l ke. ttI,‘.g’\lr[ﬁ}:asxarrpl e of ari %gi d conduct or
i ncl udgboairaenty 6NthePradentinvention whish drevillustratethersin.vEIG.1 dbestratisygsasenl
t hereon. The conductor is usually |ocated off of the maicig.ci rcuit bPzZ:?d’

d 44,

conmorilyekr disgremenf ancelepironicdavicerxstam Hibatipglufetppprendediveryysteny

and the signal. connect ) I L tem 38 Fandan F
and S,Sl?@i afen s ’mg%,ga'beagg?ge eg%?i?g.&etgllﬂ :lg;’ %giléggmaﬁg%%ggﬁn(%y "and/ or i rcuit
boar d #N@esntrASySesmCI0 feen 10 2BOWIG22 Hhdtrates » asqredeiriled plockiaghamn 3 e thour
Col utms. The term 26 01 JUN 2004 "conductor" i%éh' s descri g.ti gln

yEner gidwerielivsy; dignal Arpsfasantpackpgredesigpovaems of Fl @t brgHeR SRR ES ocation

f the funct.i, | bl .. Ther ef ol t

ocat TSIIGRSIP BTGB R BrH B RSy & ity S 20 o Mhal R ysieR T4 AYE

The tr@gg'?cl&rég%ggngﬂl@%qsifyﬁhgqcm, di sposed on one or nore |layers of a
Ive matéria

noncondu , for carrying electrical signals. The Ieolﬁgctdlr':i" {9
signal s carFi@a isy talile S6tbatdiststaliernative jocrtiensfae easbval thefistes blacks Hinsatyd
signals._The locatio of the | [ _connect | I | gn
conneciBJ§- 2g2s ‘ﬁgﬁ ae Wﬁgﬁo?xf?c%%%\geﬁvg?m%%&u%nas&&hggyd I b?%%’eﬁcﬁég;ibar e
chd | - | A6ake s stsing 16 fdlr die I 22 @s Ghawe imFIGRirld3 oFIBB: tlom of
?ﬁe I@S#étgﬁ@cﬁggﬁnikn r%jﬁg}_, 2, 3 and 4 respec%’i&y% § af Ehe ane two
col urmand 124 t 12Bsamte k263 ilpstratie the ingegratedrgiroytt gs shovap W IG. 3 hetng (RGafd N Aot o

to different 10 sjdes, or surfaces, qQf i i : be
squar eSomeEtog L kg fJBF“?‘qe%St %ﬁcbvﬁf’e?rs,ocg?%ﬁo%%@%%gaor%goﬁae a(ﬁ]a\l/ M@gﬁ%&’ﬁ% ggé& fd or

expl aggd:@g PHRGSR IO kal 280800 puer TDéomectivmsomekhsascdudictgr L1 Grand/dr t o

what conventionally regarded as the top, side, or bottom of t | C
22. Typt & 2CBytraceHd 8t EGANtB bt 1HHusSHRE Ve SrapsampRaty ¢t tho I eass%;taf”é’c‘é&gf}eas

that are greater than that, each, si d R Pt k1
BPesent La@ypleddo pIFRALe Cé’?“’rﬁ%%tl%ﬁ?%dc sa'sc(;eorn’gi ECt%dl(% qng%%??olnl 3349 lg:‘i étbhg5 Ilg power
connectiaftadnafid 2bfid il REGI2s GOAAGATIOS. iSaml b4 desing|dediage réguiatbeds

det ai | "bel ow. th this general overview of the table 56 ?{ Fltg 3 cf:olturms
A, B, @nd Becduplifig capacitpnde 42] cashihging laeated inpnept the copnegior 312, 9n tge condusto ;
and 3 individual t atives, respecki Yetck ol [ Henca.

t he taBilé, gen tg? gﬁé g@ OF A0, SO IRR m}){hﬁl\eé(rak‘dFeIs%%Opl ?Q%lﬁag%srtﬁ? ?%Erg’eés Sctllli scl oses

11, 664 f%% g SRl SnGR IR o QtSthéimA mahagerdent sPst¥ma Sxand the BMI ednixsiGax 3 x 2
x 3 =11,66 ?’ 0 tghe various individual alternatives. The nunber Ofemgq?ffgfl e
- em

cbi NabhRolsysletn30, maskewn eFithly Rigps2] andi? dinstratepackrgredesign syt

12, the signal transf tem 14 th kagi '

Lhe | Ciaol@ay hadng pareretads ovrisd Bhdatfife PRBETSIA0 rG° 2 I Bkals B Aikenbly
linmited to thi i e bes aLEEikR Jeagemieyi
Imte a‘iﬁ%?yé’?%&ﬂ(gqgﬁé i I(P??%g Q%@wﬁﬁ{‘ﬁl(}!@ll FSSheL illusgite pacleagerieyign

ot her foé;' ernativ escribed in the present s%gci fication

and il Igg%ﬁ@tmqoi thelll Xhsanjowdrgontsts ioratedrmmythp ¢opefibie 1Q 230MBOnaf i on with
the alt

rnatives listed in the table 56. t her, conhi .0 f e

var i ousillistetites auassemblyeffza system 1Q Bﬁn%fhet@% &ﬁﬁh‘wm }28 ' Eig’g %é]gjr Thse
the nunper of possibl e conbi natd h 19 DAIMEuBENE theCdRAGRbE PIR, 54
i 30 usedllugiFainy O‘{St?ésed%@%’bwsﬁo;tggélasg%r%yr)fch4' an%ﬁgg ‘the power congﬂecti on
44, as | LeovieP 8Rvinkehe Besdaplind cdpatitdnce dpionatd enzn inegrel be
reducedf%gﬁggﬁseégb(%ﬂﬁg?rvi %oual’ al tg?nati veg for the | ocation of the decoupling
capaci tance 42 and by 27 01 JUN 2004 the 2 individual alternatives for
the type of the power connection 44 (i,ge., 11,6641(3 x 2) = 1,994 possible
conbi nations). FIGS. 4A, 4B, 4C, 4D andl8E illustrate the 1C 22, as shown
in FIGS. 1, 2 and 3, having increasing levels of integration and identified
respectively as .levels 0, 1, 2, 3 and 4 which represent the package design

system 16. FIG 4A illustrates the 1C 22 constructed-at integration level O
and includes a sem conductor die 5 8, otherw se known as a chip, wafer, and
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4B illustrates the IC 22 constructed at integration |evel 1 and includes
the sem conductor die 58, as shown in FIG 4A, nounted on a sem conduct or
substrate 60. FIG 4C illustrates the I1C 22 constructed at integration

| evel 2 and includes the sem conductor die 58 mounted on tRd .1 7200

sem conduct or substrate 60, as shown in FIG 4B, enclosed within a

sem conduct or package 62, such as plastic, ceramc and.the |jke G 4D
i |1 ustgpdcasr.t FEGS. G422 4ddlsttrabe vastpug embadisRnky ‘?@Hé ﬁw&&l%g 8%?&@%‘&5 es the

sem conduct or package 62, as sh in_Fl 182 Gbinsed s doard
64, sdomsdASANIBICEFY é’_ap"fcgo’é@aﬂ'}?%}lg&taéﬁeggrgééroré%g%?%I%IIE%CQEE ilTlustrates the

| C 22 construct int t ] EiRktrate aadousrenibodiserth ef thedeeplinigt or
packaﬁ@"%‘?aﬁ?l(gce?ﬁlc‘egb&é{%??c}géhg%o%m in FIG 15 4D, nount edt on 2.l arger .
Ci I CUi L, ROBRE: 58, foupekls mekipledisntedapasitars, sarriad bR S1afORPEC o 1% LSS 2 e
IC 22 1S constructed using integration level 2, as shown in FIG 4C
Howev epyer, @societ onntiagigpat ed to be constructed using integration level 1,.
as shown in Fl G 4B. . Th Iy (ol 6f & élediraniedévi¢euBld that ed f or
reference ORFSGW%I}’%"M%%&ég‘{)’tlpgrgséng{%{r’%glggl? as being critically defined.
Vari ous agﬁrg); n{;\g,gpﬁgivg{y Rl €Y 8l il tremtfergrystemolt, apeckegedesisn BYSMiCch are
not splaﬁli FeaP y shown.” For exanple, the sengﬁ%érbdéct omgbeﬁg FRuURt ed on
t he semigedGhatagementsysteat 8 6O} aeBMS KOUFOL SYS pan be RBURt ed
directly on the PCB 64, wifthout usi. ' Elopfockstokattiet a2used in
Li kewi swentionefindsifcaRaiab It RS ﬂgnz”fs gé sEovg@ﬁﬁﬁgPGO AC, may bea'{ir%unt ed
direct)y t he r 11PBe uNddrétosd thesitprindiyse srhctune may bejaR dual
@rts @Ffeﬂ%ofﬁlﬁr@t&?&g@fg\l}glﬁ% of the 1C 22 mag/ be 'xed.ﬁrz\nd F%£ htﬁgléo
provi dg, JReUNRIsed $n otsbippdicatiors. diheipawenAelivieBhsyitm SpBTLAPTY" shown i n
FIGS. 4A, 4B, 4C, 4D and 4E. ' FI &S, , PRCEA0TRe package
mul t i pR2, whild thesignah Fenstersysle Lﬂg?ﬁ%&%@gg%g%ﬂ?a nggs 'jtotB" %? "si de"
,surfacas.. Theze mé{x%érf?é @C%Pﬁgtﬁﬁﬁgn b ghelpackdge orttvasiak énphich eiwg2amadeed or
mount e4eBE BRETRASTHEr to forma stair-step prﬁfi | e.. Hence,. tg:%réo?r et OP"
or "si glgjy.omyleithe ihesinalatanagemeniceystefaly enpls thed 2244pn8 FPPRRBPT BIFT%AR4 ar e
not limtéd to the- surfac%mﬁest Owgrgltt Lfcbhe one direction. 28 01
JON 20EMEeprtrabsysem?d hleeks My Ham o (a7 o very system 12, the signal
transfer syst.em 1vgfer eﬁvagggg}e&q@qg%ﬁp]ad {oythe TD @2 bg w24 ofra pawWes CPNRRFHEAN 24,
generally in e e packagi ng design system 1 havi‘ﬂn&t.&? IO% ower
connectyamdfrag ihéladdsboth powtr andrgrednd PRAIHS BREGPOYRY W THY Tience, the
. bl ock di'agram'shown FI G ' ner al_| Br&siohil&oBhatindhaagr am
shown icminﬁéaaon22,4@%é%?dﬁlmﬁ%éﬁt‘ﬂz@é%ﬁgﬁeggﬁi %g{s@ fated as a s_chemat&lc
el evati onal view, .FlGe BuilOHEmIBY govibr delibverstsysitindi? QUEReHPOwHPAHG DG v
to all GPTPHE PPGlres. " A solid Ii ne representg t,wrgﬁerr‘%gr&ﬁﬁgvf@gteﬁpe
signal £onAealsoaspratertnagtoned prtrbeimeseuiss i &ifrect PIA° BYT VA SHor't “dashed
l1ne represents alternative paths for the signal connections 26. A |ong
dashed 12.ne represents alternative paths for the pome(;fcor_\g;iti Ongtiozr?26
These illustrati ' 1S couiplyd thettle 1O 22 dyt vedyaori a SpEas GOTE ’
unerst andi ngﬂf’gpgt%ﬁfe:‘gﬁégégtrsgge%nd 1t ﬁi s}qdescr,i ption, and shou%@ Lol éﬁ‘f‘gle
i nt er pr g Agy hiolide dig or maragignahpatly s habsinglasiepRls ARG © one
connection is nore inportant or better 1 iBRxed g0é onlerod nsdrer
syst em taths sné rudple stgnpls BHURY ’6’6‘? o't ﬁ%e%?%t s# gnﬂ(ﬁrrg%%igegti 0%8 of t{;e | C
22, as degcribed. w k@i std6femibBNabi-diesttiondliconneGlon Tipd renrefes
céfnect P8 %ﬁﬁﬁﬁ;ﬂﬁfe&e“%%ornlzzc%#?lsgguSI egnto the top 6%. t he ﬁﬁé&?%&ﬂ
and/ or the . fi88teddrdh € 2Xn1pRg thersignat tinsfer sypfemksh, ap HgPels IR Y00 26 i s
electrically coupled to the_ bott 0 of . . , arfdA& coftrsl gnal
connect istgnahﬁanaﬁmmteﬂhk‘}@eth’?ﬁé23%F}%ﬁfs\?§pel\%\?cﬁf %]Hg@ IH%Q’ZZ, recpresents
that the fi nal connection 26 may be | ocated on any surface of the IC 22.
The poweR Oﬂ'g‘fa'fl%ry system 12 is electrically coupl ed tg t he, | F pgger
" connection 461\19%_%&&3@ §esich sy@ﬁendﬁ@isrwpiedlw\ilﬂlhremtgthqlc 2 30 HE”’HS 1
connection 24. e power connection 24 ma,ﬁvtge 20 ela?cr%ﬁ%gag@ésg,%ﬂgqg, 19
Cthgytop Sfstridibiufithelt 20 imaaiasner Ravark yathine FROQYR A0 . Preferably, tlhe :
power connection 24 is electricall u oub e, drattichdd) dirbaily2 the
Hence, tmm@%owthﬁﬁﬁﬂéEW%ﬁmﬁgt%gﬁe%vﬁﬁ é% gbpﬁce gl evation view of the

| C 22, represents that the power connection 24 may be | ocated on any
surface of the IC 22. In the preferred enbodi nents of the present

i nvention, the signal connection 26 and the 25 power connection 24 are

| ocated on different sides {i.e., the bottom 70 and the side 72,
respectively) of the I1C 22. Locating the signal connection 26 and the power
connection 24 on different sides of the I1C 22 provides several advantages
related to the package design system 16 of the IC 22. The advant ages

e o o e




Alternatively, the signal connection 26 and the power connection 24 may be
| ocated on the sanme of one or nore sides (i.e., top 68, bottom 70 and
sides) 72) of the IC 22. In this case, special considerafligpyyyl d be given
to the location of the signal connection 26 and the power connection 24 on
the sane side of the IC 22 to oplimze the connections for hva‘:ri oust'

engi nee f sirfack tidréufrand ptefetablyadvena hédt Gongegtion
illus az?ggog)ﬁgﬁﬁ%é%%?ﬁ%%ﬁ%ﬁglamﬁﬁ?n FIG 5, hav,?n a first ,(hig@q@;r equency
si gnabg 1@hichtregrbssss 7 pathrfdr heas ovn dlhelhoa) conpeaiios: hewg di-dirg ce 78,

di f f t f the first (high) .f Lonal f | ed

Lo i bommastiond TepEossT Bt Cieoalsd Auay SoBh e ZtR B A SnelemASHGALD L ©

i d ith.th f er. j 18 iy et ICozR. .
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§ gnal int efﬂ@f@l@%é@ﬂ@&%y’sﬁﬁl 3ERdplel edheTE@Jumer TV cpnadction 88 {TaeEMEB. ~ The
S O

frequenci e the first (high) frequency 15 signal_interface,.76.and the

secondofihestjon20agpresents 8 ipgtafor ENHei0; ddws egaectgnalshogspidirecuondl o0

hertz. However, the be j of ar.at i.n " | ol I
di f f erconneationdo sepregeat ESHZ@S @Qg@gggﬂldﬂﬁ‘aﬁgkﬁh ?%(g?%aaglggﬁgsf&tﬁ%g%@ggg gtﬂileon

bet we f :j.es becones greater. Each of the first (high) frequency
Si gnaﬁ&%?@gg&géﬁghd the second (low) frequency signal interface 7$ng~ray
be connect eglhd I 2P nchidhs asendeanductpr ddicefuvingnanmerranrie of theoparasierisiics il | ¢

20 22. Preferably, the first (high), frequen Si . i .
t@®nneakquirerpenth sleserpedabaieta ((gumg@rt?z@e &ﬁ@n{:ﬁcﬁ%&g%{%@leﬁ E%I\Cf?h{)lr%ggu z‘ﬁg 5@ 32i2 91?] Al

interface 78 is .conn ibfal d2oceddor,Sutloast idigital
arr ang@ﬁi’éﬁ’i‘l‘bﬁ&&\%ﬁfoé’égcgetﬁg yB‘%er %f’%@(%%@@p%&%@%%ﬁﬁ%%ﬁ gn 4 to be Qolrtli?lge]ct ed

to . tggnaqiﬁﬁl@&}s&mt)) bhepplfeaidn specifivdntegmtsistintaiti(A§ICheAlteraatived 1B t he
si gnal connection 26 on the sides) 72 q?nf the 1C 22. 25 F a&tlg a dobSiler, a

| ocat i apprapriate geptinations amiG g2 s1ay by aniPRYRERYER £3% B Y3 pe" or “si gnaf ’
interface (.shown in table 84 in FIGS. 7A and 7B) to be used on one.side of
the | CrasmyfEr I EY ype of signal interface to be used on another side
qk the | C 28ype bREunRmERNRe drisgstémriotof FEGghjeptasents eny ypsi o elsctricat eid/ece 76
may use a capacitive type of signal interface and @Y

th C .

f r equeneyhaiical aystems rat dse Luperatgy clicwts; fiehdd ﬁa‘a‘BP‘i"Eﬁeﬁ‘*}%g’?%@Q“s. gnzfllld ]
i nterface, t.his exampl e, A fihdthdd whkitatibes, deskooyl ow
frequeFRf’;‘?l‘-‘ﬁi aﬁ‘ﬁ?esi %ﬁg}’?@%‘g ;gltetco p{a%#sxﬂ%f%’g?gggld;at o and far(_)m a PCB ﬂa t%]e
conduch[)‘\%g Ly ?@‘m@ﬁteﬁd’ gaaiheldé Rifiaes, peasutabiigiedliassistants end thedike; rldhe (hi gh) 30
01 JuU 8 requency signal interface 76 to transfer Sit?:ﬁ?'s ifte ggltngom
a condudeammimicatien dexpessi and sustemp Eay ANCIPde CAMMERCRHONS SYSIEHES, § et \%gr s,
t he | ow frequency signha s ' A gfsterns) ahevildEdsand
B i gerraearyTe nare R e SHileh B e e e e
conduc E&Eﬁh&ﬁ%ﬁl%efrﬁ%s i eglhasi Thenee Systerns gohlas servenstand rowprsc (e suediGebdeyiges
w t hout entering the PCB, or by entering the,PCB next I its
and conmnisystags g!ﬂéud%digmsﬁlcoq%ly&‘i@éd W%‘%Ed?vﬂﬁeéeag.é Sﬁ%l nslg %gdr @%Eﬁs é?m o
arrangepent, permts the t LZ b jcaliynthosezeferteedcals e
conpl gig‘%t?&elg}?ﬁs By é‘ﬁax‘cr?déc? Sgﬁ%ﬁ?ﬁl’? T g%@n%bgé;?igﬁglgls nféést?%rio n§ mul tipl a} P?B
| ayers g o8 hifiA W Rhvee delTyergslen <GBy anch whichagedoede peridically t he
| C 22, as shown in FIG 5, having the first &Bi h) 10 fretgue&%ré%%@
i 9§ er f aeplefifshahdSudiepartablmdevicesyaw Aises SRS &ﬁ&P“ﬁe’h‘E@F‘r R &OY i T er ent
fromthe first (high). frequeney sianal i i coupled to the
Sane. o1 Setest 12 Rt 8 TP EOEIR A e ehecibledC pbfter RN POLP €6
accor dance V"Eie'&tr&ﬁﬁ d%’{/ﬁ;feiﬁ g{a@ gr/gqmgsﬂtmm tidse il haves rned powendelivery sysiesr,

t

FIG 6B is e sane as F

,except for the | oc?ti on of the f(i'é(ﬁ&&gia%h)
fr equfengm g%ag;g@bzdﬁntmign‘e@pgfeiﬂ(m ﬁYﬁfﬁr% é%ghﬁle(ffw ?lf%ﬂ%fgﬂc‘i}l_ gy ooz th
interface on the ides (j.e., to C;;}ﬁ,, des e
| C 22. Zfiﬁ‘epqwq%fﬂ‘lﬂ(ehigﬁ}ﬁ rtgﬁﬁféfﬁgve‘g?cﬁlr‘fgqt ??dnégﬁbfogv%gk Q;]g n EZt'}lr?e se%g%dl (I20vv)
f i | i nf t &adeACi .t 68,
bGBr om SBHIC ousl) BoROS:, iRy aicutunl a0 IO ey e B Chi o)

frequency signal interface 76 and the second (Il ow) frequency signal
interface 78 aze located on the bottom 70 of the IC 22. Alternatively, the
first (high) frequency 20 signal interface 76 and the second (I ow)
frequency signal interface 78 nay be |located on the top 68 or the sides) 74
of the I1C 22. Locating the first (high) 4¢equency signal interface 76 and
the second (low) frequency signal inter face 78 on the sane side of the IC
22 advant ageously permts the high and | ow frequency signals to be
electrically coupled to the same PCB, connector, conductor or other I1C 25
This locatiori arrangenent 1s practical where the signal connections 26
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30 and the PCB, the connector, the conductor or other the IC to accomvodate
the different frequencies. Fox exanple, the first (high) frequency signal

interface 76 nay use a capacitive type 31 01 J UN 2004U?fUﬁ2 pa
interface and the second (low) frequency signal interface Q @ use the
conductive type of signal interface. In this case, the hybrid interface

connecti on accommobdat es. bot h.t he citi.ve,a ' f

signal s. M¥1&. gds detailedblogk dﬂ&éﬁ%%ﬁ?‘&“ﬁ?ﬁ% %@‘é"%g@%ﬁg £ %rq&m%?fdepiaﬁg | ude
both die] ectric el ement I yof | defiveri 1B 12hetlgiesaani c -
cont adt®§ #E?r‘{eﬂ% Sé’B‘ﬁH‘ﬁcl?r \i/g&t%égf;org? S| gér'la'rl.?e IISZCIWC? YAV?gggbﬁé el evational view
of thg,d“%r%& 183_34,3ng&ﬁoﬁgﬁbe@eemmeipweasmpplsand thewoltdgesegHater medeler ace
80 and a sec%% type of signal interface 82, different fromt@gmé pe of

si gnal vdlnpge régtaoBRpdeadt, 8 cupleaton 40 brtwead kievo agfIeatlptog mody , bottom
70 and sides) 72) of the 1C 22 re entd : i YepHein 16 i n
akcor ddasouping ¢RPRFIEANGE ég et F@H‘e%th%g%fﬁ%‘ttggg?&p ﬁlg% k’g‘?@?ﬂ“ﬁ? tlﬁﬂ %/% nti on.

Hence, .t he,si gnal ' 120 bt diutecaniithsIC. t Pimesigiial srangfed
i nt er f 4TS e?‘ﬁ%@ﬁ%%%%%ge‘}og%ﬁégﬁgl i nterface 82. The fihrjréirhtype of

si gnal gjspdn@h i deudf aa8shotd Eircaitcarmidaypenastion 5§ rvatween dteand el fransfer

signals at the sane or different frequengies. Eac d’{g} . e of
si gnal packhge flesizn §Gtemmdo Pﬁe@ﬂdfdﬁﬂug‘%ﬁé‘quogfeéﬁ% | n%neré‘lg%{e ?1%% ude,
wi thout |im,t aa%Ton, conductive, capacitive, inductive, optical,

t r ansnF¥EEENOF e, and 15 wirel ess, as shown in a table 84 incl g:ed Wi th
T e e gk g
escribed in detail above. e that the of  si . t8lso
i ncl udéhegwarcbeméctiond$. dihervpliags rgaulpior E‘ﬁ’rdﬁ%(g% Wv?rﬁ%ﬂ‘féfggfggg | gnal 2
interfaces. .Such signa racteri st t Belgedr codebiuit 40 ind tianbinits it as
frequeﬁ%lﬁweéﬁﬁmﬁﬁi’g&e@gﬂﬁ%@gﬁwgﬁfﬁ?ﬁe Iiﬂls’e. Each of the first type of

si gnal _jp§er _ shRciERee 1Y, Whiple 4D Stosssrnteddterminad-aneousd oh#NS 20 be
connect& et%Othlﬁa)e/d%iQalgﬁ?gl .atei??l top 68, bottom 70 and_ si gles)mﬂ@ts%w&he | C 22.
Pr ef er abjulated I powet andygrevides i tyina ICialang,the PRV FOPLCHBRELT B4PYG t he t op

68 of the IC 22, and the, second | | RGN FC/a 2uppsly deregdated to
tHe botCOBRFCHONOPT PRRE ‘f{i é@?mﬁ‘{eg?’)r@gﬁogéﬁé?&?ﬂ%&sﬂgcond tygg gl#lﬁ};i gnal

i nterfgge lpgg‘/egﬁﬁfe&ﬁ’ 18 GRETET pEWer conhbutionidG e the/lC withowasing thodecoppling ype of

signal Tnterface arrangenent is advantageo sFr\é\A;en the. Ll nd/or 25
mechani wphcitinas 42t Ehe Blg@akﬁoné%!ﬁ’nﬁ%@%ﬂ‘ﬂ% WPV RY Sé%a gsgtrg agfri ?Ogg

different that it |ess ex | i tRiohdoat e them on different
si des JPSROGEVER .rerﬁ8tt°°@gﬂrr%?\g?a{tﬂﬁg&??lrc??ntyge of signal interf gﬁ? 80 may
be opti cal. aﬁﬂhte AEweLaAVErS Mo l12,Fagnaf th powef eapaegPuAAG, 4o 4e éb‘g B3 |
this case, the optical interface transfers. si.gnals i gt and
b capeaiticfionali eenet pounara @own eetepR ooy iRl Sy gh Bl T8

el ectrons. Therefor J A Gy Eéhne st 44Ua F1G02.t hikewixe] thel
si gnal P?\‘Y‘étr@%‘é"tﬁﬁ‘e%rfgt%&d)g152*%#?%5%?% the capacitive sig

i nt er f age, AN ANQLAr505heRs @fbidlrectidiaPidnnsdion 0 tepregenbsigngls being rou?e%l from the
IC 22 to the remote circuit 52, and to represent signals being routed from the remote circuit 52 to
the IC 22, as described above with reference to the signal connection 26. Similarly, the signa}
25 connection 26 in FIG. 1 is the same as the signal connection 50 in FIG. 2.

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

30 located inside or outside thereof. Preferably, the power supply 34 will be located inside the

housing and mounted to a structure such as a chassis or circuit board. If the power supply 34is

21



FIG 7B illustrates the IC 22, as shown in FIG 5, having the first type of
signal interface 80 and the second type of signal interface 82, different
fromthe type of signal interface 80, each coupled to theldaliuy 78jide of the
| C 22 representing the package design system 16 in accordance with the
preferred enbodi nents of the present invention. Hence, FIG 7B is the sane
as Fl Gocatéd 6usidBthd Béusire tHeqatdr eipply mdyayficalit be mpented tsthgraltsidavftfeace 80
and the second type of signal interface 82 on the sides (i.e., top 68

bot t orhoningndTisd plsedr seaplyc is may fype 28 devipethet ganeratespover asd grish praferblyce
80 and the second t of signal. interf 2 may .be connected to any side
(i.e. ,COMWEBB?W%N%%’?@ %sﬁhg@ia{i’é% QUIBER ?‘gﬁ) g%%W%l%%‘e f‘érngoipg%m&x %h the
first ' ' a o icl ce
A S A R S e L (i
f§rst gorpbledleciopiadevicdspad desaritid sbove.t Alternetivalyl thy pewef supplyridd miagitgenérate

82 may be connected to the_top 68 or the sides) 74 of the IC 2 ant ages
of t hithe G payerdiractlyfoom p ARG BeWerSUPRlY: S‘H’gsaé ﬁ%&EeliYncma@.tOfa% the ﬁhc'rAg%@r ence

e f e Py BRI PRREES BEDC polly R BhY R SARANEH P, O
types @fnigianak Fbgtﬁ&@g@@;ﬂ;{g@ﬂﬂd}ﬁ&@ﬁé@ 7A and 7B because the

frequency signal interfaces described in GS. 6A and 6B necessarily have
some type oThspowerd supplye¥4 wilktypialin gererath seesDEeowvier Beairalaivelydughvaliage and,

F le, in FIG 6A the first (high) f i i nt 76 i
19 et oraiiyely loapTery g persoraryied Tt by BIAdYE T At REbukdlsp RS © ' ©
1 equefiG eoIRRIICI 7% Bhf RERIrdDE BoRERIfreltvalAlo®aRIES hi@rdatielhighicieht.

interface. I'n this exanple, 20 each type of signal Interface carries  :
si gnal Shertfods,fabeordintg tb tiapreferied smbpdimetpefthe presentiisvensiont speaiahpensideratiorns

le, . i i i f Fl . QA,, 6 7A d 7] j
oty g e NG DML EH e o g Vo pseband St Eiizdlitio REPTolipge AN
il us%i%f}%ﬁ%ﬂé&iﬁ%h%ﬁ%t 45A0Al ad/th8 15cafbn bR typE of Bhe pdweb BOMAECLIBn foEthe Kighand 5,

havi ng 7or power 46 connect’ions |ocated outside, flush with,
nscessesitape, Rw cursint OC pesgantifoethy low veltagenhighrumentd?Crpavicage 62
representing the package design stem 16 accordance with th referred
erbod mant o T5¢ MERGBESARY SHHEBHDY 1 VBT LERT Y b et o B Fnfld 8Fer
sem CC.’B&P%&&M 9&1cB2s L NiFES Adrcdit bR trdcwOthaest 9onstasicldyWieialivelyG  4C
above. ernatively, the IC 22 may be forned as any |evel design, as shown
in Fl GBghtivdight Bmotft ofidndnativéEnaterialawhicbanipimizes e costerfdlad powen@nnpeiionshe

seni conductor die 5 8 and the seni copducto 0 substrate..60,.,aS,Sho i

FI G 4@;135&r°€n56‘itweﬁ6%te’§aﬁmyi‘ﬂd&g\"’cﬁm S E9 ."%‘é"A’,nké %‘,‘é gEelg??d F@Bdfeslrgntmérw}éhé;ake
3& claphiag dnn% LR daRthal FRWBS po &r conBéctibEdNwi 8hiddl Gietertiine B.m&E and 8D
€¢ach have features 1n common including the sem conductor package 62

(i ncl udinagnt éfthe ogndiBtive platihg bt ciguitoards | Kheghizkness of the) conduetiveplatingem
connection 48, the I ower conpection. 46 signal .co toand t he

1 C th nect | .
power S fiEELtoardis they %cé?qsggﬁexggagggmﬁ%ar&eec&gg%ﬁr lsc%%r?ggtt?f%ﬁuig and t he
si gnal | Aniim B Bhi dthebnaifRnt e SRRE boAdY (IR
packaggaggﬂ%g&sh}gn%raggﬁégr m ngd t hP?%l%?g’%g%[ t%%enp_r ede?:ter m ned t hi ckness 88
may haygstagsocratdwithrtcuinpodrd pdivef eommectians majesometimesalryedpshe eost |9 the

sem conduct or package 62. The sem conduct.or packa 91 62 be é{%ix[m(ft % any
@pr oprcirawis basite For PXanples e gypge O‘EC‘I’Pé’PGra?Iﬁtén%ﬁmga B’r‘és(?g?% FHNBER Y @g ess
88 is Z&’ ! ﬁﬁr ita[gé oRfer @0&{(@19@8%%?&%?3 %ivg:?théQraQésQﬁlttjhE cREuie BRH1S vAROE | al s
for th ‘gé’ &ondudlor packag ) g‘er’a y, the value of the

predet eidEtial céibokeresSBod@ed on tiecisaitdoarl. di tostrasgdf tie potwer seprily SA dvare &y

package 62. The | C 22 may have mechani cal features (not shown). that permt
t he | CoRfput dowserolingey hialh ANENEROVERTt t&é%ét}lf@&ﬂ%ﬁ%ﬁflﬁwﬂ@lerrt}%%ﬁ o W&‘%J&ﬂeﬁ@‘,{ on
without, [imtatio a P a _co I 10 , t
Frane. tae BHRiGREH to bt e Frt HRE B et AU RN onlr BEE, SPERT
15 f i dofitaint 8f ladidd Reheefidaatly heork Exgéhsive. | ntegral |y
?%Or med c\?\{cpjﬁ%toﬁrgl?‘gﬁ%@hf}%géﬁe&%hani T([:lal ‘?eatgur es incl uze, Wi t%ﬂglut limtation,
pins, ridges, posts, pegs, bunps, and the |ike extending beyond one or nore
surfaces of the I1C 22, and/or holes, recesses, troughs, and the |ike
extending into one or nore surfaces of the IC 22. The nechani cal features
may form fasteners thenselves or may cooperate with separate fasteners to
al i gned and/or attach the IC 22. 20 The24C signal connection 48 incl udes
signal contacts 90. The signal contacts 90 provide any type of path that
permts the signals on the signal connection 26 to be received by the IC 22
and/or to be transmtted by the IC 22. Hence, the signal contacts 90 are
conpatible wwth the various types of signal interfaces, as shown in the
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the IC 22 on the conductive plates. Note that the other side of the
conductive plates (not shown) could be provided on a PCB or on a connector,
as is described in further detail below Wen the signal contacts 90 are
conpatible with the inductive type of signal interface, ORe/U¥i’fhal contacts
90 are preferably nade of netal to provide one side of the conductive

el ement needed for inductive signal transfer. t.e that t . de of

t he conduct Ageordingrte e prfsured Wﬁ%‘?}im&%ﬁi’r %@p{ﬁﬁ%@i UG 355' g%gé%rﬁg%cﬁha
connector, as w.l | .be.describe n f r ' . it bardi gnal
cont ac@eéalbbaﬁf”eﬂk?cfﬁrﬁ&’(t?’ﬂﬁé %CF#W«EI}%%‘P i gg?{e%%lgc%ﬁlsgﬂgﬁg%i éﬁ erfac %&h t he

si gnal Pl Qier ratiiee thgat looavoltagarisgh cureant Dhd/ or
opti ca?r%?%%@&&ggg&%sﬂ\}mﬁgﬁqgg cgggig@rliggbgoi r?rf urther detail helow 10 V\h@n t he
si gnal p&Retiacheerdd ndtienicotheavituifeimit hoarde In prhsRFIERIESFONIHUCTSREEY dhe oPgnal

interf , th i | tacts 90 f f 1,S$4 |
| Bt or { nelsierohighoutiaa P po¥ bPEED FRm e apol IR paFLr fecopPine
connection. 26 o th we;@%%%&oh&%ﬁ% aifed ﬁﬁo%h%ﬁ%hlt%&m&ﬁdcbgn .(not shown)

i nsi deCaAEItaEe e signal contacts 90 are conpatible with_the
Wi rel ess tyReeQblisidRahlaiorinesduic3s mahbe iby déjerathatemvans bighoopres &bl y

forms an antenna interface to provide for a proper.inped e . yeen
t he si gmatntdd@mpewer drth@powen eopgectivp %H@??‘Evﬁgagﬁ? gl%frﬁgrﬁf@ﬁﬁf OE’(%%E &lﬁgﬁmﬁ
and the sjigpal_.connectjo not i.nSi gadtiavel Iyhe
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C@”t ac 899%%% flvRFfolthfthizé toumt aell éomplexitysefthe vnblagetroguldios ngulert while
sho c

wn) ated i nside the sem conduct or pgglialgg g,ﬁ Convent i anal “ﬁﬁéhods
for prewidinhgng the petfornaicealf theovhepptpguioraedula,Pndae g PR T wit &
bondi ng, tab_honding,, flip-chip bondi A dees hée &down i n
the ar tnd{highriapdn t6?“‘“r%&ﬁﬁfegrbtaﬁeffe%aggeﬁ%g@gﬁga{alﬁygﬁﬁg%lgégtﬁ)ri.cal coupl i ng
bet ween g&%oﬁio%?é dfv@é?%ﬁﬁﬁl? 39Qnanek e gs esputanmducdwle 38j and5@e netdniended @dieng
wires aRG AW re bonc s, each being well known in tEe a{tt of slem' coggl%%tgqg
manuf adinitéd . anypattivalasivghes oclswelacitds desirahle that the ¥altags TBRr ARy ™MOES 6r° a11
sides (i.e., top 68, .bottam 7 sj,de ) | $5d 22 ne&¥sedrey abl y,
tHe si grasmiced 4%l glognearrre pRUS IR ot cofipohs, dxdfi ac sy ° ch
the pr %{x&&ﬁtg oh 3G2%4r08 cfbuit Beard] ANRinatioslpetiivolta@bregalstatesuiulhEbmapbie.
Alternative Tocations for the signal contacts goa%lgsh wn _on tha op 68
and t hecopiitectzd oDbnly ldisceserticoninosmponeRs Ok 889 1B STV PR PeBAt R &Ps 90 are
illustrated in each figure as sinple blocks 30 for the salve of clarity.
Pr act i GRCF§pary Al nal contacts 90 include nul tiple individual signal
contact s cor ﬁ“ﬁ% g&ﬂﬁgﬂﬂg L&baRse 3D G inplatih anyTtype of gapmicitanetthal decaPIEFRP ™Ry
any el evation 1"JUN 2004 relative to the sem c&?d\t}gt% Q%*ﬁqggb&.
Ppef er afibm, the 1€ 28i Gihaldeconpliag capagiange|42pdyantpgrovsly SUppiies He % MR 7t o
t he sem conduct or package 62.. Thj Tefy i &aadtaate 42 may be
nmanuf acEeRsIeny c%@?%&%&%?%ﬁ?ﬂuaémc??“%@%gg‘g 62 ea%%aegﬁsrgg of connecti o?\’ to the
signal o;iﬁfeﬁ%tfégfa@ateﬁist:&!’taaéﬂamry or iMiateprgnapadiont RitceetoCananiie ikAlds y may
have ditTeérent evations rélative to the package 62 to ac&%gyggatﬂ?el\ﬁ@erl ous
desi r edwéthginkeitation, censiicidantalupnand gehee-&: ted FRIOBLLCHE IR Have any
shape, size, pitch, terial, an .} : icAGAditdes alve nblude chip-
limtat W@F’P,h’?&ﬁgi“é‘? leﬁe&(ﬁﬁa’ﬂf??’f’r?g?%%ﬁgFb}g\?/eacfu,%%ﬁﬁ%lﬁgﬁu_ke. Pr ef er abl )I/) t he
Snigﬁe I SpidL dal gcifﬁr?. bRcretOcdpatibots Bdvantagedusly provitpaedsteraiogs SPFP’@F@F%IBW t he
erial’f’s galvanic matérial. The |IC power . connection 46 0 IlSLé 85 as
conduct ke pesver sizes)t Bt congectionrterthe BsCraisCaPACItPRINAH LR nABAPS s provi des
any type of path that permts the wer .0 el >t TINaf8fmictibeed
del i ver emgl@mmellu-@raz@.“%éta&b%&m@gw tgla‘gltz]e%alreg cof}gc ggﬁfo'r%me vl
sem conductar di e. i d dagdetdeddnfearne andmay i rpabkeige
. 62. Pr e%éﬁ"é‘%?ﬁ,apatchtgrsg{lg@g%F@%?Mﬁﬁgﬁigﬁgﬁget ween the power  contacts.92 and
the senijgoadWEAIRI plited sfirated byadeitabie diglasirice ST hveriatogral sapSHAS MARGIEGi%hg
wel | knowt i'n the art of IC pack%geﬁﬂdgﬁi gﬁ P{ efera?lll% a{%@agxg&gr contacts
. 923(are dftaxibla) dnd may bafoymed of 2 ol Hidn PSR 851 QS SORERC . and the
el ectrical coupling between the power contacts 92 and the sem conductor die
5 8 is heavier than the electrical coupling between the signal contacts 90
and the sem conductor die 5 8. This construction advantageously pernits
nore current to be routed through the power contact 92 to the sem conduct or
die 5 8 than through the signal contacts290 to the sem conductor die 58. 20
The power contacts 92 may be | ocated on any side or all sides (i.e., top
68, bottom 70, sides 72 and 74) of the I1C 22. Preferably, the power
contacts 92 are located on the sides) 72 of the I1C 22 to match the
preferred | ocation of the power connection 24, as described above and to .
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01 JUN 2004 Practically, the power contacts 92 include nultiple individual
power contacts and ground contacts corresponding to each power path and
ground path, as described with reference to FIG 1. The po r'J‘ g(@?ﬁacts 92
may have any el evation relative to the sem conduct or packagﬁ é’ d
preferably, they all have the same elevation relative to the sem conductor
packagayfgaodhst REGRGSERIpeBRToAlié, Sapes ad coafigfacibns. Thy detouptiog

sem conduc?%r package 62 an(P ease of connection to the power contacts 92.
Al t er Rapadiahye 42 tvadepeniiead in dnttlzartdstedibelavdi vi dual |y may have different
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M cr opf: 0GES; ' | j figledueteht fise teguldted DEepovearn Giidt or
packaggéﬂ@g’.lﬁgrggq‘tg‘?g@ﬁg?éﬁﬁgdtggﬁgvggg?aﬁﬁe pre(_jeetgr nie_n?(;l hei ght 94 of the

si gnal fueet, aled vol@Reasglilaor toduledlemd tondesouplingeapacifapge 42 mayde designsd ade of

t he sem conduct or package . FIG 8B il | ustrates d I contacts
90 andsinglet ntegErick AeHER g%?@gﬁe @J;ea?fé“%é%ff efl’lalﬁg'hvo\t}mtgg‘%i h%%}gc‘gt%@’%nr? duct or
package 6 i.S..case, the signal contacts 90 and/or the power 20 _
cont ac eguéﬁeda]?gtpg\%ﬁ' with the outer surface of the sem conductor package
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hei ght 96 1 approprial g £ okl rARRERIFO IS $biRieRbABALE mdHuRIBAANC

mat er i 4FEOUP gtcﬁ%ac %&czgznl 818 d(;grd ﬁ%?g%e %g Pr ef g%gbl.%,ﬁ the val ue of the

pr edet gawirp sk daisit oAb reghired by thml 1022y theotthe deroupling eapepianse deis Bt act s
92 is the same on all sjdes of the sem conductor package 30 62. The
recess@semmllilb?ségduce contam nati on and/ or danage of the signal
cantacts 90 g7 004 4230968 ah( eyRVOMRbnLRAbR Mcudidg foflegamplesses may
%so provi deﬁw&vge%icéﬁécgpgénnent gr gﬁﬂgchnent features for the power

con nectcbﬁ&uo%ﬂ;e,aagéauvs,i igdudtive and sinilaocoRSctipns Tigsignal pennegtien betwaen fedC

i | t act 0 d/ th t.act . i I :
sen coraddborimpidigd ey inqliia st oaad Bid Aay ) bin B ey EESARDAIEG,
power cont m)ggﬁé%og{t&?gﬁfa kP shfiGr eshniebtidis. The casRitble digieil redfaenduct or

packagé® enen vantageously elim nates contaninatign_and/or
danege phvidb@asinifdce fonianimittg signdlsdretwdea tpowendussive glates Iy ingra@iiable

[ I t 48 incl ud i.gnal i nterf. . Y I
o2 kg e fequiatony 4 Suahlp igparigRAts Ay f AL PR PERLIE Epse gy ERfe

contacts. 90 | qcated insi } i ogiepadomtcond t h
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i nterfagg shAR drifféretisdle@ionit dircuitaohddviepsr e as sinple . bl ocks for the sake
of clarity. Practically, the signal package interface 100 nay include one
or nore individual signal package interface 100 corresponding to each

si gnal path. 24




20 The nmechani cal and electrical features and characteristics of the signal
package interface 100 depend on the type of signal interface , as shown
inthe table 84 in FIGS. 7A and 7B. For exanple, a capaciﬂﬂvgmﬁﬁge of

signal interface may require that the signal package interface 100 be
formed as a dielectric material. In this case, the signal contacts' 90

provi de one side of the conductiyve plates .r i ol & igivgnal
transfer. THge sigodsaneeciioncO MaeIE Eé‘(gflgvgt%%%‘{sggcé%?@%&gﬁbm%% “T's 'on t he |
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| i mitat iFOE. 2,asgfktmyldcka1te!ﬁ¢renderww:§/3%ﬁ8:% a 5 res nay be” conbi ned
with any feature 25 fr anot her . i £5tht eabl 56/1 Eer exminplepthe power
conbi natcpbhﬁn&iﬂth%gp{ﬁéé%mﬁ?&e‘éci%s%%l’%sﬁfﬁﬂggés{%gnaldeco[l])t ggt%ﬁﬁlolglbgc %t)?g

i ngi de the. se. Cagrtfﬂ.é REGHAASt0Be pavestummection dEs@ibeg D! FAYIEES cOMDined
Wi thé;OBB%glr Pcon ag?g%gZ Pocat ed_out si de, IUES?B\A@E?E} %hatriﬁ&ife%ﬁ?%fresﬁoh@
semi Condugtan bRk iefsen6 numbers3gwhs.i43, 6,23, 4gand 350 & . respectively.

FIGS. 9A" 9B and 9C.illustrate a.plan_ vj & supPlySAMMFIGN2 FI GS.

8A, 8B, tB@Qi\ﬂnm@llB@l&ﬁéglﬂF@n ,seﬂgrb ?{8%&51%\%3 C%%ﬁ?%g?f ﬂiggj ggd/ Ofrthg%g/vev%r

contacts, 92 J.ocate : duirhe ™, Rdwahdésoribes cagon o

, respectié??%m%&%%ﬁ&{l@y?g%;g%gnti ng the packg%ﬁ defgif,gn s stlgggﬁ%ﬁ 54 £39
01 JUN 2%$1ﬁ%qhﬁ@da,$@5%ﬁ {ha r?ltbma}:ivefldtagede%l%@tm 2 ?‘H%ycﬁi segul
invention. "'I'n each of the three figures, t S| j08&49061040ds a

. poBeT COMIGC4s 93 Sipwnopsaks of clELoaH 9ol g0 L AR ae il
illustration purposes only. Practically, the signal contacts 90 and/or
power contacts 92 may have any appropriate size, shape, thickness,

di rension, pitch, etc. Hence, the arrangenent of the signal contacts 90

and/ or power contacts 92 on one or nore of the top 68, bottom 70 and/or

sides) 72 of the I1C 22 provides nultiple ®rbodinents that are within the

scope of the specification. Mre particularly, FIG 9A illustrates the top
68 of the IC 22 being available to carry signal contacts 90 and/ or power

contacts 92. FIG 9B illustrates the bottom 70 of the 1C 22 being 10

avai lable to carry signal contacts 90 and/or power contacts 92. In the

Y e



the present invention, the signal contacts 90 are |ocated on the bottom 70
of the 1C 22, as shown in FIG 9B. FIG 9Cillustrates the (5{deg)y2 of the
| C 22 being available to carry signal contacts 90 and/or power contacts 92.
In the preferred enbodi ments of the present invention, the power contacts
92 are located on the sides) 72 of the IC 22, as shown in FIG 9C 15 FIGS
1 QA odBiciiGnd AGitcultear b soenwhivhlis thetsente @ alipf & athertdopnentioan dietedrin and .
| ocation of the signal contacts 90 and/ or power contacts 92 on one or nore
of t heatlop2 68FIGd-t om 70 and/or sides) 72 of the I1C 22. FIG 10A '
illustrate n ouf e ortion 104 of t.he. ' ai | abl e
to carry si@%&taﬁﬁ 6&@?%pwréﬁwﬁgﬁo%§ﬁg%st%§%?%gggb%@%rkﬁoﬁﬁgrgﬁ%ﬁ/on 106
of th | vy Eéﬁjn?“ i ceieabn géddfalliembaatthathepower supply e |
l'i ke. %ﬂ“gf‘ﬁ‘f&a ‘1%‘92 ?ﬁg eatlreglé)[efﬁﬁlsmiggasi ﬁgrreq%a'ni caylamcont act ‘vvipth thlgjpl'c; 22
{9 Pr Qydadel i@ anb enitEble phich afvay foeathetrembiningrcinoniteefy theradentronic davigel 0. Fllds
10B illustrates an outer portion 108 and an inper portion 110..of .the top 68 .
of t helesaEiptipntisuseg taveflec Brasertand gntigipated %@Pfeég‘ﬁ’tgag PéP%ﬁaﬁH‘BPB?S tha

contacts .92. Pref.erabl th ] : rd ntacts
02 andsaney srmPURERG et g B} Fralithl Al HhiGHY DB RopBayss due

arr anqlgegﬂg%e joSth@ S A h AREASItAN EThd ten Prsssite’ Cdues aot Snplg aalistandeacktignstip

contacts ave different types of signals interfaces, as sh.ovvﬁ in table
84 of vidESthepdvamauBy is lacated$ar frermn thsEgmaming GFERY RECIYSHANALGAY Y SR rar e

duct | dt i gnal. .cont act FIG 10C il ustrat
B ouibe bowet SpR b IsH A BEbdds iRy, TG TOF L 55°°
each being f‘g{gﬂfgkgtgérﬁofﬁe%rtﬁ%fq 1B AR nfodnleBS, shebcousling capavience 42 the 1€ 222.

Preferably, outer portion 112 carries the power contacts, 92 and the
i Nner f@arthé Bddtd dircait 52 deseritsidgn Roveens Gotun(C, BydL andk, 1sReSNel 125 FI G

11, th t 112 incl ud i at f I ' :
F ot ureach SPHORARS PPBRIISTR T A PREUPnBL AT o anp bt £ PRTPE AR hPbedin | o
o OnalRGPRISE bR, RBARILD! ofRERImE M Thefs 24 and Lhe | € 22 The,

conne atible wth the various tépge.s of signal interfaces
descri bed wihécsmafeborid deiteIhat dlactrinally7®uplas eleetrioalsigaals Fraelesternied

enbodi ments of the present invention, the connegio i : tage
" egul cdRosRA Loy ST S B SPRIG ot Sen PR Bdg p AL ol Aforkiibd
in further defal ' EHNEed B fadilitat€ terdl@sriddl eonrecHian to the
vol tag%g?aéﬁiu?g?%&rm%gi Sﬂso??agﬁ%ﬁg%g?ﬂ?he decoupl i ng capacitance 42 are
| ocat egleasicsl dwsivet Gn tiepiefr2d eathodimeithphthe prrseritiyventionnths caRRectyr 1§ &t of
t he power connection 24. M im'ngii ﬂ%éhe | ength of the power 10 connection
24, i nag yEQVer A HAe 2B OFHéO‘El?% FP€E-and i nductance of the power connection
? to perm tl‘k% Qﬁcﬁﬁ?b{)ﬁgqs b SEhYateOwhieR shdlvied Sn@bLmore fahers d€ aonguindngtive

paci t ance 0 deliver |low voltage, narrow vol tage margi n_an

hi

CUT I €Ninatéiad foti cafryirer domdiretieepatis, atherwise kewymacranes o1 oorHes) Padsy e’ﬂ\? etor
forms, shapes, and si.zes and be made.of various ' . ' on
var i ouis adejieribng ﬂ@“&‘ﬁﬁilf Wﬁi%%&c%wyﬁﬁo%%nﬁnﬁécﬁows egé%gtped? gtzﬂé]:g are 15
represented .i.n. M | dd bl BRScohdfictodBBicaly indvdeopovesrdmdiod of
t he |ceffﬁgg%l&%teﬁé’gdg%?#"??ﬁtegslg‘igg?&%zg Iha 130 on A e 7 ot ihedc
22. Daghgdls! Mesoidiktorl®ay badetidle, horigidanrapmpinatiogthereth Bragmples of Hraddleog,
128 and 130, respectjve]y..The dashed |ines. re V@Ll o ere
B conmaduckars SRRSO G, HORHAIS STk cop G g s, AR R
connect ot 112 ; t iifardwRh Eendctive heaat digosalitheesms

oi ly aﬁ’&l%ﬁ?ﬂﬁuﬁl\og%fd%@fo&rﬂﬁﬁg%%?ggreéyto Icﬁ,ﬁt thecslcope of lstijrz’lbe connect or
112, Faf,ce%aii6r isaBualBpREatbdbif offthd ineinomnit boand, ¢aramohlytrefaradde 48 6d above

the top 68 of the IC' 22 may extend only down to dashed |lines 120 and 126
essent imdthyrbberdi ng a cover, otherw se known as a plate or cap, over the IC

22. In this case, the connector, 112 .f
surface tlhat RePQVHR LOBRCEGBP gﬁ’aﬁolﬁdt%’ gxﬁ&@gg@aﬁ%cgﬁtgg%o%%@%? ﬁ? gr‘}gitblggﬁ%12{.0WThe

copnect or f rﬁ%,gd : hiddsdrived aestiapd coadnctohandsordasuit?
aﬁ@ 74 og?’ f]‘:é%nf%%z?’to agﬁgﬁ’eﬁ‘?ﬁg’ aitgg%and 128. In tﬁi s case, the
connectyyard &dce, hoderbad iraRowy 2mand Barsspectively ovh the parae four kolunas. | Thaterg
between the top 68 and the bottom 70 of the I1C 22. The connector 112,
formed as a cover, nmay further extend down the sides 72 and 74 of the IC 22
to dashed lines 124 and 130. In this ca;}g, t he connector 112, forned as a
cover, has a bottomsurface that is | oc&’ed coplanar with or bel ow 30 the
bottom 70 of the I1C 22, and nay extend to a top surface of the PCB 114, if
present. Note that the connector 112, fornmed as a cover, is shown to extend
beyond each side 72 and 74 of the IC




41 01 JUN 2004 22, but should not be interpreted as being limted as
such. Alternatively, the connector 112, formed as a cover, [ﬂimﬁ)?’ﬂ{l ush
with or inside the sides 72 and 74 of the IC 22. FIG 12A illust zg es a
nore detailed illustration of the connector 112, fornmed as a cover. By

anot her exanple, an |ower part of the connector 112 that is | ocated bel ow
the bottom5 70 of the |C 22 may _extend,only up.to. ed |li.pe | 30
essent feanfiyctpBrinithig dgscrmtier gengeliemgpesdhy Fﬁféfh ag‘é"s&n‘g%’;a Sr°gde ré%e?&é% eft he
1C 22.. In.this, case, n SRR nBS R0k MRt thBascatioh 6Pthe

{1}'1'% oﬁ.stge ?‘%&%‘t‘ﬁé‘gﬂ’ég%ﬁg' 5k Rfore Ye cORIORA ndS

sur f acle® anar wth or below the bottom 70 of the I1C 22.
The CcoRREGLSI bickks ah® EHERshvas and/epsikedl conmagtibur Thetrasestpeordde portduetivd pagts, 72
and 74 of the IC 22 to dashed lines 122 and 128. In this case, th
connecdisposkd 2n dnerorebra saysrssafaaanconiustive mafnal fprcaEying ¢lpciical §1tglng]5afr88

between the bottom 7Q and the top 68,0t g&gﬂ %12,

f &r nedelgeriga ¢ @Qy H}%WFPe?FS fcé‘H& nl?tpl)‘ﬂﬁﬁéﬁ’sﬁ@%%/gg@fan @&tsﬁiat he I C 22
to dashed | irfigsochane6end 26 polver biinSeRASes aidibe bOBTaEI @miciidn Mgasted as a
socket, has a top surface that is |ocated coplanar with or above the top 68

of thedsseriBed il\Rb® dneaCohinms cdambk; respectively, fxsrosell dossrifed avhang loacated RBIRF t o
extend beyond each side 72 and 74 of. the | C 22  but ,shqu

i nt er pragt, side4latasal) apd/pr hottry Og?ell&g @ué%‘?esﬁ‘r%ee‘flﬁéﬂ”%r gg‘m{l ﬂeﬁgé)eﬁﬁg% Tk 42,
forned as socket . . . | «h N8 i«ge PREd FhEeSm T reféitd difererit t he
| C 22. S‘ﬂ‘?ig"‘lE@“Fqsugﬁﬁ%)ges&gﬂ&n@’y%ﬂg?% Itgg’ i ﬁgﬁ’s; ration of the conrfect or
182, T QiaeRer Affaes OLIMEUC By whidhl thpiealbt ey bexqmpd, eircalanbuigtanpalen aed thesre

connector 112 that is |located around the sides 72 and.74 of the |C 22
essent am telative terimsgisad forapplanaipiepurpesss R%mhn‘i%ho lcﬁ‘ﬁ&eﬁf’% &F ?’e g ar ound
a peripeter, the 1C 22 1n ' mheftredcaz. a frame,
may ha&gn‘EthtSb”ek?ﬁ Haggpg “‘toﬁg‘%mloglaﬁggeg?r gggg%gggsﬁﬁg% glpl)g%ttSO of the IC 22, or
bet weeRybRta11, Othe 66 atibstednt QErF#As of the BE 22 (ha2, suefscer axpassbatrare arepier thas el

lines 122 and 128. The connector 112, f%r%dﬁs a, frane ma%g hav%g bott om
sur f acef ehett sids of Bed€eas S AYRIvRLOTIE BISienbARYAS-SFPIpFLas RICKProgessoryy T8S  t he
t%p 68, and. bot i@g §0 el tplgnelcgf R 36 285 tHe 30T BR R EGHhe Lo #S B Uebdrives ird Adthand
i i 508

0, aneraveyse Rogve © surtace of the PCB 114, if present. FIG
12C i | l4detysdigs. @ nore detailed illustration of the connector 112, forned

as a franme. These three exanples of the_co tor 112, f a~Caver, a
frame or as¥GRethis genera ovamicvebing table o%@aﬁﬁ?lm%%%gﬁige?’ HEY
sizes that the conn a Rk Sual BREm bt s SR §sdctipély RTows 21 he
exanpl é“?aégf}?/sé’“&sghg’c%’%%’%éd%’ %’t?@?ﬂ% %(%ﬁgagrr%%%, _tﬁe ?i%éscclr i.gti ocr)l 30 of
the covgl 4! Bads, ihatiablt 56, descardpvitiont ady other desariptiorserdfigure ditcleses pt-Peh of
the frame blends into 42 01 JUN_2Q04,the descrihptiQ .
H¥hce, noseible eouatripptionsi(-¢-Ust £ ¥tx L x?ﬁg’égﬁ‘?fe’é?&é 125%:%;9@&@?%%@%8% on
any one_or . . of | . bilfioRd illustrhfes thed ariy@ays in which
illust rlaﬁw&ﬁl%‘li ﬁtéﬁﬁ?@eslfhteﬁiﬁgb(%ﬁﬁ%og%yb%%lma;? h;vg any sui tea}gf e materi al
i nchudithg poWet B@litery bystématiD.othe sighalstansfer systen 14 and thesgackaging deRjEnstystcabl @
characteristics including, without limtati on, .being ¢ rtld c@_iglxt AW this
noncondior thelE: 2Pmayde mentes. CHKREeSeR} DY ENTOT IR P %gﬁ guc Ve,
pl astic erial cantl i 1 ddiMerafiosdn) and
power c’b‘?%?toé‘aptoﬁsg{;gé" rbg%agﬁe\ﬁ?ﬁcra? em%ﬁi?g@%g?‘ﬁgfggﬁgﬁ? contacts 90 and
POYEr COLABLSInIRe prcasRaptiificition d itistdtedyin threpre@ne figuras that may beasgd in he
connector 112 rray_lge fornmed as_a circuit bggr aﬁgr r%/'i n& tthe V(%Iltea‘%%ous
r egul at combindtorewithghe alrastiven distgd épthsitatlg 'ag T prRURDIRaHonS OTIE KOS, £ g
2 above, Al.ternativel £ t e WBBeras pbébebl
decoupl }qﬁlg‘l’ltﬁi‘é‘ﬂ@ﬁ%ﬁgé lﬁsfﬁ%lc E’Bgesﬁr?@ ﬂ%{;evwi?é]uglﬁé%o?ﬁf%fg%r etlllflé)l?:apaci tgnce °
struct UE&‘mbﬁaﬁ two alternatives are described in further detail bel ow.

. Alternatively, the connector 112 may be formed as an assepbly of, di sg;et(ﬁ
parts provi diiffaetalterrativne power avhnedtion\sdlis uspd, withowtdhe deqoyaling capaclinge ¢ 2ie

. Sgﬁﬁgﬁlh v TGaBnsRgon 14, dsthevaaR LG B 58 %ﬁi}l@ﬁ‘?_ G AL
anot hor Tt DA Fae T B Tidb S GRRREBE o e B BB o o 114,

anot her out mtation, the circuit board 114,
~anot her connector 140 (illustrated in FIGS. 13 and 14), forming a cover, a
socket or a frane, the conductor 116, and the |ike. The mechanical features
may be formed as separate parts that are7attached to the connector 112 or
integrally formed with the connector 112. The 20 nechani cal features
include, without limtation, pins, ridges, posts, pegs, bunps, and the |ike
extendi ng beyond one or nore surfaces of the connector 112, and/or holes,
recesses, troughs, and the |i ke extending into one or nore surfaces of the
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mechani cally coupled to the connector 112 in such a manner as to align the
signal connection 26 and/or the power connection 24 with tae referred
and/or alternative locations on the I C 22, as described ab VvelUNThie si gnal
connection 26 and/or the power connection 24 nmay be formed as a conductor
116 or as a PCB trace 118, as described above. 30 Wien the signal

coNNeGhi 9 AGidARChlidAeatieVEsT the pe ot tpdver avendctiondd (i, H,a@uclor 1096,
the connector 112, a PCB 114 may not be used at all or may be used oily to
provi dmsBle coftbiddlon8P04 mechani cal stability for the connector 112. In
this case, the cannect 12 .0 onsi rqf 22
and for th@@ﬁa&@e?‘ élegﬂ W&@@&%@e s@S%%?@O@n%CﬁIﬁ@' éb%?&?’?%vﬁégzlc
22. |f. the.PCB j . . b i1&ads G112k 3 hid/4 fxtiict he
connec‘fl‘érreasﬂgz,e‘)fa%eoﬁﬂﬁ%g&rgg{r}%gﬁ%ﬂlﬁ%}%gg/d@gtgggr to begsorrewhat suspended
apove xfe@%sé‘ﬂt rtﬁéiﬁéckb%@d@bi Thatan 16.UFIG bifailthstrags thelCHR aosslguated atdntegration

st gnal Cconnection 26 and/or the power connection 24 h&oan /o?r%lftﬁlo%t hgl(l_}c
22" usi legeltOrenddoelides ¢ semicpnducsordies ) 8,\gHasTissSDOPIAT B CHR, J12 e & &ed, Tan
ICto circuit, boar L gnal_and/ ot ' r {AGH tdrSdiels8d to
pr ovi dtB i Sgﬁﬁﬁg]b‘?fé?%%%@get%iagnmt%\éﬁvéneiﬁo%lﬁle IC %léa%ntgé tg %\rﬁfo@ﬁ%&ui t board
114. P&%@S@ﬁ%)ﬁmﬁ hR, husfciame sadcdlubior ailstiateeindd6. 4G dllustates theyIC 82 t he
I C 22 an e top of the circuit board 114. The 10 girguit b arjI 114 may
have veghstusted wpimsegritioreleneli? anl inglades the sermisoRAyCiRY déﬁhéﬁc Hlﬂug@g fhe 1 C 22,

t he connector 112, and/ t he cond Ofo 116 i I i g p On,
401 cs. sereeersbiet s SHARTALR B ASRBOVR MLl o oa Aot plcRebaba, |
correspondin cham fiRéti D NRshRES 48 IS2UDhshRtaY attittagration leve
separa?“éc 38 5%?%?%%@9%‘%?16;?%35? pegs, aps, clips, and the |ike

sn
to ali gRndibl@iesI8E sHnsicoiductmtpackpgs 62y 1a1 shown 1n FIG. 46 squpted anpe@ropd be
used alone or in conbination with the go taor.,.112 i e 132
i s usef4)sometimsisnafersd as W%@p%ﬁﬂgﬁ‘:ﬁorﬁ?’if% iflpg aéeg%eec %irlgiﬂfg]h?%h%
preferahly for - aAb@r barkhgd 62 hedl e PUB 64,iag shdvme in FIG.

i nt erfﬁ%&ééi%%gggll ﬁé?&%%g@ég%e%enlﬁcrﬁﬁhi sr%ase,gét he i nferface 132 i s | ocated
i3 an PN glouReklidroNlapEertcireuit bomd @bpsomatinesirofemsd taas amogirkaard PrefAYY: vi t h

the socket or dane form ng an outer rtion. of n t he
per i metler1Co22 BoopREuGad BFIRG LEegradon 1’?&8 #’ it g‘?’?"g&{en ang-f %‘gévfﬂ %g[ rénss “2s a
separate.part .fr i alyey 1 f @rshBn W FIG.14B: | C 22 as a

si ngl e%“???tee\&%ﬁmfﬁ%%luhggﬁ%%m{f Zﬁigfsl fgr ned as a separate part fromthe

| C 22, the iTHeArkinas 3R ofdytepmtion paribusratedfor referenes oriy apd shauldpiPs o t he
IC 22. Preferably the interface 132 is forned.as S . . IS
separ atintefpreted as\geing cpipicalippdefinede ViaroDs PARRIDZHCHS; 02 t?eﬁ&%g%lgéfwg%%{?%er%ew th
the 1C 22. 5 L& bwhe &, theyenhieofductoe dieaS8 mbent28 on

i coPfi rﬁgg%gg rrgottgﬂ%é&ic%g%ghg&hﬁ%ﬁeﬂ 4tB, eas "t)he Si dé of tg
seni congysdngicoRiuiagrbEte 66, mishomn imFIG.@B, may bgvgowned directly qnilie eél?%‘h or

114, as shown in FIGS. 4D, or 4E, for_,e l.e. I a
Var | et iSO Rep heFRBEPRUStO RIS 03, aREYis MO P A Backigo OF s oS

Vari ous. p f ' i S otherbRk® 66 wisiiout nsthy B RCB pér Heoos
may | nclpaﬁé' ?@u%&y%g%%‘%ﬁ%?ﬁg. ded osﬁapes andvi,t he i k%, and the
i nt er f apgividal paYs bEtht idistratedrieyelbef theil 23anay b wixed and s1atched tapPiexKds cul ar.

shape. 44 01 JUN 2004 Material propertie f the dnplenfa R,
i 28| udemsnérpuscorhbinptiens ¢fintegeatiop éP%ﬁpp&ﬁlﬁga’iié @?O‘Wh‘é‘ f*&a‘?e‘ﬂ\a‘?ﬁ’o‘@t LHAd 4E.
interface 13 Ve ; iy HabBay boloensiddrexi bl e, and
conpr essi bl eﬁ"w%:@a@e@}&éﬁé%%&%agépﬂgﬁﬁFe advarallt ag%ousl y permt better
conpl i ag@%ri&\é {adTe b 2% oAb NElr B, altiess smulltiple kexfices prauk fgen tha ¢lepreniheing
circuit oard1 114, and easier manufactur] ng. I n sogpaﬁg%g cati Qns, ik .(geay
be desi statied ormanitedson pireansitaar 4 fosr & stpisstepprpfile. FHenes thy tormay, QP AT ()
dielectric constant, of the interface,132 Usj ; 8he R BSS Srthedt
the |i kmamréu%aéﬁw%ss %@E‘%ﬁ%weoﬁhﬁeecgoa’sdng%é% ﬁgﬁgﬁlg%d%nuleti ple layers of
erial__usin uring techniques including, without limtation, a
Ingyber ed°B Iﬂﬁg%%gig%%@%gbh, a spray or vacuum deposited approach, an
extruded approach, and the like. The interface 132 may be 10 formed of the

sane naterial or different materials. In the case of different materials, a
first

28



material forns the carrier and a second material forms the signal and/or
power path. The second material, form ng the signal and/or powers wth, may
be attached to the first material in ways such as press fpt,Jy'N 'ﬁ'@r{vv*m)l ded,
over nolded, stitched, and the like. The interface 132, t el ig | contacts
90 and/or the power contact 92 on the I C 22, and 15 correspondi ng signal

contact and/or power contacts on the PCB 64 or 114, .1 he 11O ord wd he
connect or YAFIGr 5 thedG 2hdhepeverdaivery Sysap llge&)&rsF%?béﬁflee%%gg\g% rlleeaff% of

ways. For exanple vari.ous ar f aeéi rh hé
oY or selwenat Al b He PadE T Gy P D B B ace 13
ce

contact to in ; b JCisipner foanectibd 28t formeshtharewvitho Hence !
| 32, gﬁY‘&gft.b\%iégféggf%@%%%%ﬁfg{%& gf)gtrlllt act to_i (ﬁterfa e 132F]{(ﬁ2j @%&@{ ace
132 t g 59N 4ia6lam SREAAG: orit geterally thasene a¢ the blork BREHREGRVID THirert ate 132

to contact, and the like. Hence, .the ipterface fisdoon t he
aut er {satrthaf@ 28fis lvetrated 2p 2 sphemaiie egerva{igr)ﬁl V’teﬁvé %?nﬁ%?‘g?%i}%%l the connect or

112 or the renote cifcui AtB AR prefyred patheorthe .

El ect rdopsentionsithat 2pp yéPfaycoz%ll%géunlg% é&%g%g?@l?ggé% ? ype oe‘r Si ngl ing transfer

bet weep. 118 ohfechion 38%akiife e g@Weﬁcﬁﬁne&ﬂ)ﬂZﬂclAld ortdashpd HOGTCORSSER at | on.

si ngl es-l%r}?c]iea seriral, single-ended parallel, di ffqr ential seni -@glgat S

di f  er.gpihatvenarsl bethesignhbomgetims26h &k longdasher; e fapreseny A lierait Pathe

signal contacts 90 and/or  t 0 ’ ; Aiddde sdgokeity and

opt i mi foe the pewer cORNSHGS ﬁée&gﬁ% lﬁ%%aﬁlgg%ﬁ%ﬁgﬁghaqing i ggg\%lt n?urﬁ%g in any
paci t anpc [ ko d titel ayd shokblmad e intagpecy :

Tt or rR s g B e HRDAGALSO

terf ernatively be used as an interface he | C 22
and t hga3GyeRnd iapyingl thét aryhaneconnetionis ML HRPTARY rfpg Fterlt)tggrly\%?cglﬁérénal ogous

manner as described with reference.to.]j | alCdohfiedtiond@anf thel 14.
The i nt er f addesEnal BapsdehFyEeR) ﬁf\ECE%g?%g&\?éé@%%@%ggég%f si gnal ni nter f aces

listed in.table - i 7 boraiactioniR6. Fiite sigrabrpbrnectigie?d 1RE 095
01 JUNIGEB45S aﬁsggé%‘g‘gqtﬁggw?%’ Jg%ﬁrr{pft%ngl e with the Cﬂ‘r:l(ngﬁt tq!? t¥ﬁ9§ 1 s'%hgnal
i nt er f ageridalg cobbled tate taB B8 ghebetteh 7 apgiopthesidforfcdritt G aTerPa
carrying nultiple discrete, conductj ' b5 esleadH] tliedCasighahl i gn
ViiSt h t lskgrebeenmestiotb?6 isrrdecti ‘é{|°°881r?\f{§%f“§q’ggg‘%’ﬁ7adtg§?eeﬁgonpati ble with the
conductive RS gogho%{;rgﬂé{deitﬂé S ARR. vidWh entHelE A2ntaprdsante thag she signod ATHEF e
with tﬁ@n’&%’% '4ti’ve ype of signal interface, the interface 132 preferably
forms aediey 86 ddatedont ayisatfabeaefithgI@ 23ui t abl e diel ectric constant a%&fam
sui t abl e. predet ermi ned thi ckness, . | ' $C @BWer Eopnbeinsiood the e
preferably “rr"'éhl@PWefrPé’@lé(FrﬁS@StﬁP’o& ﬁeelileoch%eua??'ggﬁg?d H}gecogduci ive plates
needed 1&;’%% Caﬁl%gé ie}{‘%viﬁidﬁm%'z {123R6 b6Wer cbingteativh@A. Sihd@ower @Q@e‘étéﬂi’d%c?‘%]ée
pl at es » 83 0Wnr§b woul'd be "provided on the cjrcui g4b?§£ach‘i|2|4'Prg’&rané he
i 9§ er f agectidally souptstpmtthoiop 6f, the hatient YRR ef‘éf) St “Si'gral finterface,
the interface 132 preferab or. s e IO 2 rHédcethe 1@ gpower
sui tabI@vmréd@ﬂe(?t}ﬁnr?é‘dsterﬁc%?&g?uqlgdﬁ?@ggfggggf&t he i nt erfgéeﬂ%.y%gq provi des
an optinal_sgpapat. ; DRat6Rnducs tiel@ L2 mepresentivthatsthe nthe IC
22 and Wﬁfg&?z’%n g@??@%&gﬁ%mnt 1( not shown) in or on the circuit board.
When t hgodfeba6h a8 enald losatebomany sirfacaof hetdhed2opt i cal type of signal o
interface, the . 15 interface 132 f B aBicantdoandction26 anid §®i on
channel , suchnake prefegigd © éH’P s?g&spgﬂs%ylx%%??g’g}l sﬁgnaclioa icir:]ﬂ@tﬁg f or m of
ulated |ight | A dgteYer® kides (ieq i ettono R0 wid mets tical
{ngnsrri BQWSEg%\é\ﬁ%IF?A't elB?{lcgtg?f ace 3321. may _be Bseg 1o all %”&%@ﬂékﬁﬂ Epcus
t he opt }%lecﬂeg@adﬁlwm!%eiﬁ,otMgltﬁb signalf@rRerEion 2P @0 {HRONY * T en the
interface™132 i's conpatible wi.th the transni ssi l4i ¥R eQfesizh@psiém 16
i nterf adﬁ}fex’eh’esiﬁmtbfgﬁ%l@ 22@20‘5‘15@58?’%{5{@ %%ﬁgﬁﬁrd gg;&gei%si %gn.;g?ghl iﬂﬁe
interface or npel to b 1 PR eimbspetianasl cratacks pseh the IC
22 and Pﬁ@“’dé%i &EBSéY%R%g%gllrg%c{g%?%ﬁ nterface 132 is conpatible a[\ftést&rt he
wirel ess tyne ;g/ﬁc(éjs be bBi8ES GRatgnal benthats, dndreestngBe PR SHIA GRS By

radi o fré’quend RF) “channel suitable for carryiin ' | s icfe@sihg he
1 G2 {aghle @b cuikpe AT DI SR o ipd L COn R, iR

package design system 16, advant ageousl i @r@ngp‘eg@tg'meﬁneeqMEcy
of the rﬂmcmupﬂ-‘c%éf;@é%l OPBtaFﬁ@Fé%@gwgaguq&gleggrﬁ%gqrﬁgpt he i nt egitrli ty of the
signal. For exanple, the interface 132, formng a dielectric material, and
t he package design system 16) form ng conductive plates as the signal
contacts 90, together provide a capacitiv® type of signal interface. In
this case the resistance due to inductance, associated wth the conductive
i nt erconnection between the sem conductor die | ocated inside the

m croprocessor 30 and the notherboard, is mnimzed using a capacitive type
of signal interface. H gh frequency signal operation nmay be transferred

o o o o o " o N ~ A— . Y. .
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designs. FIG 12A illustrates the connector 112, fornmed as a cover, wherein
the connector 112 has 5 side parts that extend beyond each side 72 and 74
of the 1C 22, has an upper part that is | ocated above the gquuﬁé% Dgf the IC
22, and has a lower part that is |located flush with or a little g) | ow t he
bottom 70 of the IC 22. Preferably, the connector 112, formed as a cover,
surr th%%gﬁh | redin@ithe BiedRsted Edatadtheightdnareaiing dwisimabbandofidthihincreagieg thee si de
facing into the page) of the I1C 22. The connector 112, fornmed as cover,
i s begghicshdlctoriensizdaeducimpthe JC B sinee s Wk a8 improymeaierpegiorsgelpied top| g
12B il lustrates an el evation view of the I1C 22, as shown in FIG 11,
| ocat elgctrenies, mshaticoandmstenalired as a socket in accordance with the
preferred odi.oent 3 L i Silneetidn? B4 tlaly betio@k&@b ol he
connect or fn#lg?l&égwgsfégﬁgbg%c-egtt?&,ip%\%g@e“?lﬁtp'toﬁ@r((::onne(lzcin(z)r 112 has side parts
hat &z&tﬁgfé JreveBenae bided (e., 16h 68)boRémOT0 arikesida(s)72) ofithe 1€ 2 wiarthisagase,t hat
e

is | ocat 15 bel ow the bottomof the | C 2% and has ar} u r rt that is
| ocat epkcidl eohsidtirstiorowould tetgiven taihe locprn eliye SENRk CAIREC 1%%&38?8?”5& Y,
th t 112, f d , 1 i AN :
bne. cramertion 4 ob e i s ot He ICFAEb opftiAHe Sonftbdors W vaicBabigeflld. |

22. Prefer . ﬁ)lﬂptﬁglt&gt ilddewf Ormed as a socket, is nounted on the
PCB H%S%sgg%:é?sﬁlggd e IC toa PCB signal and/or power interface 132. a;[he

connect or K&, 6AqNustchtasthalG A2 kastshows i EHef §,diaxing st (high) frpquenayatisn
directly nounted on the P 114 and.th ocket,, cakrd | . G 12C
0 | ustintétfe@ Hnangl 2328079 ﬂ°\(7:§g'ﬁﬂ'6€fn°¥ ﬁgﬂp@n%facgg&s %ﬁﬁffﬁ&%ﬁ&é ﬁi%%h]]ggt ated in
a connect oloyiddhal QiR ackiblellfo BERAGHINEE oPiHe/ICUIYoprirminzatio

enbodi EYo¥e e present T nvention. FIG 12C il ustrates the connector
112, Eﬁae@g@ dRigh s%it&ﬁfﬂﬁ inhecardamce vticihn peefewed danbodimsntsiof shepresant fzpation.
ext end beyond eac

side 72 and 74 of the.lC.2 has a_ | o . t IS
| ocat dferes, the sighalgompection2§ ipcludes IP%JP&)% férﬁ'é(bbéptﬁf?&u%qcytsﬁ%l\%? ER %5%“&% as an
er part that is | L, b i 1 t he
:Jpcpzz .tﬁerﬁeeweg ﬁﬂ%’é %ﬁ%@%ﬁ;@ Frﬁé fégg 7?‘ ]E'Prh S?eéﬂhi&dgh%eﬁgﬁ/ %sgltm%)gﬁe?ﬁg@;f C 22
1§ di rs@%ﬁall Ynt SRR I78ChndRhé S omCRo) freqidnGy sighal intenface 38 exe separafeshhut atdeasti ew

f the TC 22, h in FIG_ 11, led to. th e Ci I Cui ' t ed
T o e Flowryon ekt of SADICR I Bp LR L s Stk by HOSE ©
enbodi ment s %{e s E{xc%fsgé ad @%gépa&%ibn beBRedEiiB iR qaércidd becSiided frehirles a

r erot 235P4 €8 q‘éﬁ"&% connec 4 and a renote circuit 1povver connecti on
136, and hapadh dfaRe fifst (highpleduencyl signalamterface 76 ol thesecpod4los)deequen®y and
150. A connector 140 is disposed on one,or nore sides.of the r. LEkgsUi t
52. Thegnaimtedacs 18cmpy bs gonnggtegdo any pidgs §-qyop ﬁg’ ‘%%ﬂ"ﬁ%@@ S‘r‘gl iﬁs@ﬁ?ﬁnﬁffﬁh Eé
unt ed. o P ' hhl i {stidahedigitoothe sp/68 of thedCf ace
8 pr:g%/i Elréeger }g?hé%?igsﬁg%ﬁgﬁé%eﬁg?gég%ld]%%fﬁ%@} reipecti VZI¥ bcét ween t he
PCB 114y andliHeiScondisve) équendyt sipial inthefacedtfois sontactadite tepbotiore 8 of Henilctdr

140, the interface 138, the PCB 114, the renpte circuit I i on
134 anThistlecationerrengsment pHvIRARSPILY RS 18R PRYE" Fveciongt P oofRELIER

characteristics, ned i ' {i OUSBe snhlGbnnketidd, 26 trethe
connecfkl?rmcieﬁ)%aﬁéﬁ?ﬁ’?g?’&g%e §§m§ﬂ§gg%%ﬁj%ﬂ the i frigtnegr ated circuit
si gnal sﬁggpgghf@fﬂ@u@nd the integrated circuit power connection 46,
respectively, i

as described above. 10 In addition, tr}ﬁéii 8naly COﬁnec%' on 26,
fosr med as c@uecher this lotatien amanggmpenindvaniageotsly comesPends fQ PRE YOP §h 8184 het ween
any one or_nore of,the tgp t : &l and akdkhed
Tha | Clntartarebmne iacis p oS 75 al8yBE B iudiR drdids dhiea 1022 8 the
si des) tfp%sot%gﬁlaﬂ'ﬁ?er?icett@ 8c LSS rEarotHet Wide of Pae 10 2. eF alexympte) ¢hesfinghidiigh)
connect{*on I's tormed as a PCB trace 118 and transfers signals b thevg)n
the botfequenty signal ieerf@edhdnasheseiscapasitayps P! sigaaliaivpaee &1q 05 5¢C 199 The
power connection 24, forned as a .conductor . t Telg
B el g e R i v
the bottom, 14 ' i fAc8 T8 6 trahsferdigndiPto and

fer é’ﬁ‘?‘g}}%??Wée?%ga\}\gér;ﬁggg%gyi(léﬁgﬁaﬁgﬁ%%%éhgf a - conduct org_ri16 and
coupl ey RAYRICH 9ialthe condiRgye fH8 ofibigndlGftertace, hed bennicéal ¢on thaifirstibighNot e t hat
t he power connection 24 being coupled to the renote circuit 52 is an added
feature that is not 20 shown in FIGS. 1 and 2 for the sake of clarity of
those two figures. Typically, a renpote circuit that is active requires
power from the power delivery system 123&nd a renote circuit that is
passi ve does not require power fromthe power delivery system 12. The I C 22
and the renote circuit 52 may carry the sanme type or different types of
circuits, including, without limtation, mcroprocessors, digital signal
processors (DSPs), nenory devices, 25 audio-visual interface devices, user
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01 JUN 2004 nade via the conductor 116 or via PCB traces 118 on each PCB
with a conductor (not shown) formng a junper between the PCB traces 118 on
the different PCBs. The connector 112 may be integrally f@ﬁmﬁgzwm t he
connector 140 as a single connector for both the I1C 22 and'’t ém)te
circuit 52. Alternatively, the connector 112 and the connector 140 may be

formed as separate parts and then .nechani I . : pr
Used Sessmencscrignsl RHRRSETIS BaFATSIoBPENTIS L Tl Py o a A e A e R o
any side of the conn 1 s WorddYe Shreied @ia PCR taoem@rt or
140. ‘Fﬁ@q?mt@ﬁl}?c&gnfg%} n%ésbgeileiqﬁ%%ﬁgﬁc?%@r?ed with the interface 138 as a
si ngl qpi BESY facHe hh fafuBnéaghdls RBuldite catreedrentheecndudten (Thszonductors carry

Al ternatively, the 1nterface 132 and the i%erfaoe. 1%8 %ﬁ MRy, bee érgr{ﬁ%g as
separ ahe hixy frsquendy sibesls teeatheititsaits §irentlyawiBeUtentetng i, By OF By o
separately. Wen the parts are mechani call A othgs, any

S de HACBiwex| torthe P@Eé&%“?tsﬁﬁg CB%tl"é’ﬂ’%%%‘ﬁ’ga Sﬁ%ﬁgfﬁg‘ﬁgigg‘é If)qf?t&ﬁghsi nt elrtfmice 138.
Al t hough . Fl ' &t dfd 522 GFke PUB t6 BoBtiRintzecbEcausBZomplex t o
each ?ul%mg%&%lé@e%@tggléarrangesrrent, FIG 13 is not intended to be

i i t eghitifg SOB{EhIFeqRENGNEmsEitsionlincPrmong saultigle PORelay@s IWEHEIACHE 1 envt e
circuit .52 may have any physical arrangenent relative to each other. For
exanpl diminated C 22 and the renote circuit 52 may have a stacked -
arrangenent ., ascshoyvi. | s tr@idy, hilsHow@ in¥16. 5 Favidvethe fisst (lighlh
FIG 13 iIIgﬁrg&aﬂoﬁn?{/&ﬁﬁv\%‘éw%ﬁﬁ?s (1 .e.? the 1C 22' and the remte

g cul ﬁe@@my Figal ihBerfube MObnd teasectend (tow)feequiniytsignal interfacy T8viitfierent s

ractica , “any nunber of |Cs and/or renot jrecuits ratg toget her
usi ng thedfirstafegl) Greuencyrséanal Berfase By 28R COWP e‘ﬂ?ﬁ@??%ﬂ%&?f\{ua?gjgéga_ i on as

descri bed abqve between the | : j irtedBfbokiirfents &f the

i | | ust FERFESSIURS @e&éfqggﬁeygg&%géﬁtlﬁgg P@g%&gﬁgﬁ@ﬁgé ?%ﬁéotee circui trl 52, as
shown | }ésellft'ig\'er&fén. tRuBt, TGt 6Ba¢ thefsarna aaFEG 2ok exbept foa tipd aeationiof thechiist dance
with the preferred embodi ments of the present invention . FlG. 14¢shous
connec{idphj&equeney sighalgnterfacy Zhenrdthe F‘T’%"Bﬁ ilofé frequency signahim %caﬁ%egl above or
on top of .the co ct.or - } 22. The signal connection 26
fay beS’thEib&:l’ tPB%g’ﬁlzﬁt‘r?gF}éé‘ﬁ%%@%?ﬁég}fﬁmﬁ[%%i a the conductor 1 i6 or via

PCB traces (mﬁrghgym freffhéacy sgrahintesfaca 76 cud theisgerud RanHERIUERAYSSIZH and/ or
power connections 24 that may be_ pgssibl e n e | te

ci r cui tintefface 8 m@Mbbé@atﬁg@t%’é’rS“ieT{l-F'hE’Ps{&ang?fn;Br ﬂg%drz?épﬁ ijq't{httelggtﬁ gg‘lzed
arrangenent .is adyant.a f I-44Sin8 hOecHBELI6W) Sequency yigeal 30
of ICs F?é’t’abg&éﬁ%ﬁ{%E%%@%%uﬁﬁéeﬁ%ag?ggf%% 7‘\?/ork vvi.teﬁ eaﬁ:h %)t h?re;ﬂ but are
packageg.sepanahel IWedie dbthe HotomI0 FARMIG LI Ailtemativiely.cbe firsf (aigh) frequency
performance of the individual sem ¢conductor pac €Smo O

20| Udsignal rtariacel T6rAnd s ss6ond{ oW FPHHSESY SebEEe T iy Do RBalA ti&%.ﬁ’pla
16, 17, 18, an a st rate an el evation view of the I1C 22 and the
reerteG(,gi?rctB?F%%é?@g%gﬁg\?né?n FIGS. 13 or 14, each having a voltage

regul at or  MogdydAingShenat deg idguanrycsigmat interfase 74204 tharssend dow)E5qu5Rey

| ocations in accordance with the preferred enbodi nents. t t
i nvent i shgnal intexfas&gn the same 1dgef Elge?[qi?;acg@n@g%%gypce n]ﬁtg{(:':l}el ﬁ(}gh %gﬁ%?\nhe | C

power connection 48, 1he I IhiaUb thesdagP CB QHRRECtdQ Boridirtor bhetheekt e
ci rcui tﬂ?ﬂﬂﬁé‘i’yE@H%&H‘g%eﬁlei%gg&fﬁogpgegﬁg&lﬁ%e nunbers for the top, bottom and

s4ges is' ion drafgiindnl & precidabwhere the Sighd? comredtionss2q kevemeary©fQifber s for
t%e Si ﬁlgggﬁcgggpl nes for ea}{ch connector (112 and 1%0 a@g notl ShOXngC%ﬁlrl t he
10 sakefreduentasighyl interfabesnd fawyefithe othvhEeayegan FIERYIEHR N 56 af & pover
connection 24 are each ilju ted, as i SdnbR B e Socatieg | C
22 and thee @éi?ﬁfﬁ’@n&flﬁﬁstﬁdt{‘%@?grw%dgbeslgléieen%?%@#?r| ty&?n ?ﬁ)ese five figures.
Practicgl | L giaglof gRNOeRLi i on 26 and/or the power connection 24 may be
coupl ed eéﬁ/tc?ntégg?ﬁ%rglreosi des of the I1C 22 and/or the renpte circujt 15%2 as
descri bed abqugs lot&icHemagénont thixueqeise & hybrdiniaiage sranpsiambeisak e
including a voltage regul ator nodule |54 apd | | L fraege 158

| 188t ar o TEB e cavmcrriok coRoir gh st 1 JYaS AbrfdeGARAAERAD 250
the desgription for ] Gy SBnAfintekRce/Td fag ese ecpheitive type
nodul e %gﬁg%ﬂ?ﬁsoﬁ%fﬁg;‘ngglg’(l)@glﬁllﬁghi g{)ggﬂéan%e@?% provi des synergy with the
vol t age regul at or nodul e 38 and t he decoupl i ng capacitance 42 by
introducing a variety of alternative paths to route the signals and/or 20
power to the IC 22 and the renote circui3l 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 renote circuit 52, the voltage regul ator nodul e 154,
the decoupling capacitance 158, the IC 22, the voltage regul ator nodule 38,
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renote circuit 52 to the voltage regul ator nodul es and the decoupling
capacitances is also a factor to mnimze the inpedance and resulting
vol tage drop, as described above. Hence, the 30 specificat igqnjs fZZtBQL t he
remote circuit 52 and the 1C 22 may permt the renote circuit “g\' o share
t he vol tage regul ator nodul e 38 and/ or the decoupling capacitance 42 al ong

with the |G ' e FARMBRaEhdetlé borfictivet use
its oﬁﬁs%ﬁgtéérefa‘r?ée)agl}ﬁ %%g%&%i% %d}%g‘#ds?%}alt he degﬁgurg?}fng cap%ci tcance 158.
The veldcadaigmapisatee. s casdfthe biybrid aterfimeicognectipmecooamedates bathhey ol t age

regul ator nodul e 154 and the decoupling capacitance 158 are shown in a
parti capasitiveaant] condugiivedyprsed signatsl Meye partisutagly, WFE‘ME’E‘S&FP‘E?’FCﬁ?PE%@é‘ only

7ot or S s oty el cesblnrh 05 BT iR ARRARLARH AARAE cthlates r
- 401 ncl uding, with lim ion, th , th
ko i o D L O i n FI GS. 124 128 and 12c. FIG 15

i |1 ust r at egign7alievaklevationat wiews of the ICC22% showntin 816G ehnbewingiarfist yps2f as

shown in 10 FIGS. 13 or 14, each_havi.ng the \voltage r.eqgulator dul e 38 and
154 asignehiaterfse 8plandg ssegulcypanfesndl itpHaces, P{Sfﬂg‘?"éé“’%\h{eﬁﬁpecgﬁ%% or 112

and 140, respectivel v, § - Wi f-ar. : \ t he
ot s e Aerthei eoit Confled B, BESaRf I Y, 3@&82?3@@3%3%1%&99?%;@%*Fﬁz to

rovi ebZon cHEe 56 i fedrdanddwitie flerprefered embbdimedis e
gescr gg%@@gggég&ﬁ%&ﬁagﬁer en%’gt to FIG 2, the pref (rap?r d:glgt h_f.or hi

h
10! t ageesehbinventione flensewiae stimp} ganngctiop 2ineludes hath t EBB?"&“@&“&Bfa‘Eﬁe

vol tage regul at or nodul e. 38, vi PEYE, b 3Perfle 30 dhAShEIIREt Or
116 O%O[Wéﬂ ngwcﬂ%}gq%hgﬁéf%gﬁﬁé%%%dEl n&gt{éclz péiél?et ancregg42 as | ow
vol taqﬁge Bf §5n 1 Witk Rle POWAY tihsfei figndloushe cannecdifferent flequsinnigs.t he conduct or
116, then tothe 1C 22 as low volta hi gh current power, via the power

connecti on Eabmxﬁithgﬁrdhé}’mcﬂfdimﬂbintef%gé 8 an¢ theseernatyPe iFigRal APERS ¥nce to
FIG 2, th ol t .requl at dul - i i 20
Coupl dachige vttt Gt fursciigr ey a0 Rabiflsof e trd/

curreht” power via t
ion nec‘@gﬁlgseéﬁi Hﬁ%\ﬂﬂm? DebetMeiuasd %46, FIBL 7 A0 Bachi6f thesd dxangramithe types of

paci n an anal ogous manner as describe with r,eferencci: t.0 FhG
2, t hesigaliterfades indsscabet mndetail abpveo Motetdat the typss pErisnal interfachsa s nplyde

provi de power to the renpte cifr.cupt . r, d - for R ot
del i-ve?ty"f‘fcéerfsrtlﬁ?r?{wg Stﬁ}\%grc ?p‘?yy{hﬁﬁ 6 o?%%n@oxﬁt{e%%&rgggif gltggél crl%oa%\g“egs%%sél as
hi gh z{hc}{ﬂli,&xgﬂﬁoutllm Sl fBGuapeyRimplitadd, e dphitien, andrtheliké.on 36 using the

t
conductor or the PCB trace 118, then to the decoupling capacitapce 1 S
8 as | ow voEheigef thhfigst type ofesignapiierfacsi84 and dhaytsgend B/Bﬁﬁéﬁ%fl@dgtfé%%gfwyt he

conductor 116, then t.q the renpt i i a b1 Yirkte nt

BBner b BoREIepINERY Aoy PBROLR gt AdeGRTARE e KOM B erib i

anal og o@% infsfade801d Kenvitbdtd gkasees of the IERG, andl the becond|typeoef signal

regul at’or no e 154 alternativel };Qmay 30 be direc.tli;’coupl ed to t?g renot e
U ® '

Ci I cui int&Zaca 82l iovonmEctedge thehagtont 1 péihe I RRe rAligraatiyelys fhegeonshtype
2004 reqgul ator. nodul e to renote Ci oWt onnection 160 using the
conducllg?rf?f‘feg,z TREY %&?“I’(ﬁ’g‘ieﬁéo Ehr? I%Eég)?&p?f?ﬁ%\ﬁg%%aci tance 158. Alternatively,
the vol t age rjeoibahkigfRldieffadk drdipédel s uevarkapeowoih@ghs clicgiuaband/ant

e de

power to th upling capacitance 158 via power connection 162 using the
conduc hedchddiGal eharaaletisticsatficach ype ¢f sigoal ipterface e se ditfrent thatdtless SPeRLe Phe

power connections 162 and.160 using,t onrduct or i i.ng the
vol t ageasierfallegas? thesen @%PSW? S‘af:? gg‘i]?ﬁﬁﬁ\?‘él &%r F)ﬁaénl%}%'(]:tgﬁg'}lgt ﬁéﬁ%“ ance 42
may deliver | | lifiteFhde)8 2 Bay Be cipaoiive. G tdsli t
52 vi a"‘bt(?%“re @(’)Vwéglg%?gﬁc%gﬁ@&eﬁﬁg&fﬂﬂ@pggﬁﬁﬁfort 116?, Wi ?*lo.uf p&si ng the

vol t aggase@id Gijtienl imBsifice trafiwfers signals in the form of light and the capacitive interface

transfers electrical signals in the form of electrons. Therefore, it would be beneficial to construct

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

side of the IC 22.
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or the decoupling capacitance 158. 10 Hence, in FIG 15, the connector 112
may carry only the voltage regulator nodule 3 8, only the decoupling

capaci tance 42, or both the voltage regul ator nodule 3 8 Eﬁnld ,W decoupl i ng
capacitance 42. Simlarly, the connector 140 nmay carry neith\é -We vol t age
regul ator nodul e 154 or the decoupling capacitance 1S8, only one1 of i}ahe
voltage re r. n ,ibagingapefiist ope of difhal interfaot h

t he vol tag%%bgzgllg%%géféz%% %Egmsﬁﬁlgp%gjcoupl |gng _ 1_65}@capaci tagloce 58.
The p?@ﬂnﬁ%@éec@ﬁ@ byechfatymal itdrfaon 8P pfiffatst omithe hvesf siggrlisisriasrsy, cac
considerations including, without limtation, the t.éﬁ)es of gi].ﬁ &io}
enpl oyedpled t tie sameXxiewidhe He 27 sPR3eentng thgipackege desigd sYRIEm &P 4 FGi0A

interface used, as,sh .in.t e f. i REEIG. 7TA
char acvidh thenrefsrrgd e{ﬂ?z\éﬁ%@‘ﬁ&%ﬁ%&’g&%n @§'S¥I§lenﬂg¥@alac&@ea%@?escr i bed

rein  E bdaki gl ¥iahil giterh@v8ndnd: the sdcGn@ Bypared sighal r enpt e
Efrcui?‘cg%?bﬁélgsl%%\%#ﬁ}oﬁ%%ﬁéﬁgg 131§gr 12, _each hayin tge vol t age
r equl aherfa0@ 82 be taBsidex(i.5om6R] boemddrndsidely) 7&5%@??% e 42 and 158

| ocated on a conductor 116 and_ 11 r ect i vel i A t he
preferred e’ﬁb@ﬂrsﬁgmegaféfgn@h@tqsﬁaggéﬂ@nﬁ?ﬁ@éﬁ?‘?“gﬁ‘ﬁ%{éﬂ o{?\eﬁir%é elgggggi%}“g%/st em

12 is coupled . to the } | B8 ROMEI () ) o €hel IC 222, Prafe dottotd wi t h
refere‘?ﬂ?é‘g?%gﬁ gyﬂ&eﬁg.é@é%k&t@mwﬂf% ref e(sr")e?r?():e tg FI G 2r :ak?gﬁpr ferred

path f ﬁ%t F}@Gfbf\gfglnmaﬂeerfdcem and tensecqmingpe ofdigned intetfaser8daremectsd I bifer
supply 34°to the vol tage regul ator nmpdul e 38 via the pawer J 36
81 ng béteon: GAAEtediC 22.6Altematively, hq%thﬁgjs&mq i na) e B0l BB

vol tage, high current power .vi L gRe(@P74/6f tAgIC 2. conduct or
116, tWeR #g‘gpﬂ]em{eﬁpaﬁ%gg?ﬁ%’v?/c\%%l a%e,\qﬁétgoﬁ%gtr}? ?%éntga (ﬁﬁer via the power
CO“”eCNdOﬁmééesl&itmg abriRocneHd ued Smildrlts thaldeseribs il BEGr6BbwithwpferFnPeteence to
FIG 2, the Vvoltage regul ator nodule 38 nay be alternatively directly

coupl ehyhrid interfac€comnegtionow 30 vol t age, hi gh current power via the power

conect’on, SV Hfibrb SRR 8 etk mmnabenaunt FIgS

capaci t ance n an anal ogous manner as describe with

. nhsfer eQﬁ%gE%E'tﬁ types bf§igid Weterfaek ideseriped sFIGS. 72 dnd TBobgsruse the feasenC¥not e
ocircuit to provide power to the renote ci Kﬁlﬂt 52. Thgo%l aihe 2Pat h

. fox posinabisterfaces/dascribedmBINS. fAvA 68 AsGrsaBlY Nage $918° BRFCAFE F agut at or

rodu! © sidvesihath Haped A%, TN i 7 Hor BN 1VIRFIL) SAPBWst (DBt A0

usi ng R o0 the decoupling capacitance |58 as.|ow

- vol t agg;eri3i SiferfAdE 17678 pREWESLy\W capaditiventype of sigmed enserfens, arstha §¢5egd (oxv)
. conductogr1 117, then to the renote circuit 52 as

| .ow vol | t
ower «\iubine signwbmicduediip RSB\ AR HE ok R g BEe. L B, Gl
anal ogous manner. as, d ri WL L ; t trequeh&ies. 2Thérbfore; bl tiag @otation
rdqul at8Ft ﬂﬁ’&tﬂ%élgfglﬂfmaﬁ%fagl? g%?%é%‘yﬁ%g&ggﬁgi rg%t |y ?:ouBIt ed to.t hg‘g{ enpt e
ci rcui tang%yqﬁisleqwngw, wageus doinginations efFIGE\Géy, 6B; 2Aand 7Bt a1g RosSEYe Fat Wrthin
nodul e to renote 1 circuit_Eomer connection 160 using the conductor 117,

Wi t houttheiséapg ofithe preswl gp§cHRUeRpaci t ance 158. Alternatively, the vol tggg
regul at or g LagRnalViels 6fthe 3022 pavsownon FRES.
decoupling c is&%@@%@@ﬁﬁ%@gé@?’cﬁ%ﬁ%ﬁt in%n 11682 usi ngmis he,con'ductcﬁr 116
and/ or A3 %, @5, hatkhedipadlidgain/or powers yormectidne locatndiautside; dlysh Wil SFFEsSEher

power connections 162 and 15 160 using the conduct 11 n

w3 hout insigiengspeotvely) &&gm%@“@?@aﬂ?ﬁﬁﬂ}éeﬁ@ﬁ?ﬂ%ﬂggé? We???@e e%f,%tskétzm 16
decoupl i ng capaci ce 42 i {88Fentidh 0 PreferablgNihe 1QVA2ris a

di rect| %@Eﬂapﬁ"ewﬂ‘té%? B Wegﬁ%?bdogfhgrﬁg%@gg}lég%%nne&tﬁ on 164 ugln nlg t he
conduct gr . ggd&mg,gaka?g%z toihE0aY a 1eselngotdesi guadstshogwn ieBlG.4(oaboyedul e 154 or

t he decoupl' i ng capaci tance 158. Hence, in FIG 16, .the.c ctor
carry oRligrafieelypihedG2 2 mayibafamegnsaneleysl designod SoF RN ﬁ@%uﬁﬁ% 18, mpy

- it 42, both .t h | | ator - HesaUNbi
Cahact t amb B angiopmbkRaton Tuereot SR S e BlodablbCuis 38 ANd Ml enas

regul ator, m g SR hAtGhewnaE bAchEFIGS B8, 8Byr8G/anshD &1 t he
- vggtageSW§ﬁﬁﬁ§¥gP}§%§E?g{%%aqggd t he gg%gupling capaci tance 1S8, or both
the vol yagaLE eguladtoh thewdfber ideand the decoupl i ng capacitance 158. The
particul ar desired conbi nati on depends on vari ous engi neering 25
considerations including, without limtation, the types of circuits
enployed in the 1C 22 and the renote circuit 52, the type of signal
interface used as shown in table 84 of RA3GS. 7A and 7B, the desired
characteristics of the thermal nmanagenent system 18, etc., as described
herein. FIG 17 is an elevation of the I1C 22 and the renote circuit 52, as
shown in FIGS. 13 or 14, each having the voltage regul ator nodul e 38 and
154 and the decoupling capacitance 42 and 158, 30 respectively, |ocated on
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present invention. The power delivery system 12 is coupled to the I1C 22 to
provi de power to the 53 01 JUN 2004 1C 22, as described with reference to
FIG 2. As described with reference to FIG 2, the prefegnegiynah for high
voltage, |low current power delivery is fromthe power supply 34 to the

vol tage regul ator nodule 38 via the power connection 36 using the PCB trace

118, then C LD SRR3RV Ftared B @drhonvinebidingythe sangdonduciosnt
power Vi aﬁ@gggmgrg’gg%!ﬁg(@ on 40 using the PCB 5 trace_118, then tgpthe I C

22 a alc%e\al @min%mopmsr thetbottome 70, thexsidese’ 20864 BA A SLEEN COBRSGHEP R t he
PCB trace 118 and the conductor 116. Alao s dcfﬁfri bed x\{}&%@ﬁgﬁﬁgr@ce to
FIG 48, tlid'[élpmwrazgam@@m%&}e%ﬂ’i%n@ﬁ %? BRE WSRO TPV Y CaiTeCE | y

led to the | C 22 I I j - j
Connedssrdzpous; oe 1paopehedigt it 46 e BRI 2648 CUSIBON i ng

%he d co%)ld' Vé\apaci tance 42. 10 In an anal ogous -manner as describe with
ef er SHEE L F 2, the power deli ve;‘%/ﬁ.K system 12 is couﬁlied ﬁi% the renote
circuit 52Thosdhicundietqrpaskagec ins arpradatermingd-iiaknsss 88Tnkheprg ?‘F@&egat h
for power delivery is fromthe, power s |y 34 .t LG8 k1
nmodul thidkfdsselB magﬁa%mywm}e m&@%faélf#&g% rO%\? iog n{lcﬂg nggég?ﬁgg E‘\ necti on 056

using the P ace .1 { el @f enyp agpirbpriste nidierials | ow
vol ta@@,kaﬁ‘?g tf]? ?%&cgg%%wg%ehﬁg&g?%nnectigﬁppl,ga 15 using the PCB
traceplt8 niN@R vafuel $Tahé prodeermined dhickifeds 88 id appropsiafaips MIRTORFOGETFE R Bover
Vi a tﬁe powef connection 166 using the PCB tra@?eélﬁe @ﬂ? thg%ﬂ%%@ﬂ? or 116.
1 SO phshnoncmimipausterialyfer the semicoRApHer Rckpss BREE {0 F . ‘the
vol tage regul| at,or, podule .154. alternati dEYhibshddicfor phatage®apl ed to the
r enot @I‘-’@F?eéfﬂ’rt’tedﬁé‘c%esls §§/1§/§ﬁ%tsé‘3‘é’ ,o‘?'h#g%&écéﬁdrf%%nt pg‘\%er Vi g) a vggl tage . .
regul ator red ngttﬁa{, 5 B ettiahidal feapaueinot shome) thas pemit tresiGie? tnke pégsetr ace
118 -and the ; conductor 116, w thout .ysing the de | ng capaciiance,
158. Ahi/et anddheé kyanather sirictusgymciuding, Jfiow PRy @ %j%ch?]ver Tow  ©
vol t age, high _current power h pld agy SRank&d fadtarep be
connecPVerna seket;ex %B'a?’ﬁea ﬁ%rf‘#\lgtc{rh%og%?téf %ﬂfq%igﬁgr?hglﬁit%er nati vel -‘mct ly
F%Bt he. re % oG et lets FRat\ir Sttt Bed Boibe [C2Te togually femedvith 8o I&;)s/i%g Thge
t&grcr%égl) &g%%%e conductor 116, wi thout using the \ADO| tasggnc[ qh&tor
nodul enddhénicalFedtutesrinclide; ey ghout HaEU ’ % e ey delTver |ow
incindeeyifhout HEREEBURIS FYSER BATPEE R a0

vol t-age, high current power dir hen /S IRILES, Edckdseh [trdughy, addtbeike
conne&ﬂ@éﬂ@?yﬁgﬂﬂﬁef)ﬁ’émﬂn. Pgéé%%fgegr%ﬂ ‘he conduct or 116, W thout using

the Vgxtt@‘ﬁlg ﬁwb@é O mBRkk Rcdsaot the 1€ B2. Tac mephamicpl featires maydarm Sestengehce,

in Fl e PCB 114 may carry only the vqltage reg| gyl e 38,
only t{hemselees iy maygcometaté Witheepasate fajtensss F‘Paﬁ e@fﬂ“{’ 8‘8‘51{%‘3%? ggl‘r’l nodul e 38

and t he decoupling 30 capacit S t e sipmdUedn@dcts 90 provyde
@8rry neithepe ¥¢|é‘%\[}6]| R &}o&@gﬁgﬁésn%%ﬁgb%gﬁgp t he ecoupl icng P

it Qs vl tha gizna brniedtion 260d begeagiveditthede 234
gipﬁﬁﬁo@ﬁeégﬁ%gﬁ% capg%is%égﬁgse 1539%3? bot h tge9 vol t age S Wiﬁutt?l
modul earddiér tan ttanemittxicpthiedg 28agiricedhe sisnalgontagis 394 |°8%1p5ti’ ge3| reé

conbi nati on depends opn. vari ous i i i t7A08d T Cinbiait
WthouvmquﬁWEﬂSiQfﬁ}g‘RaE’é‘¥?r g% a&%‘q‘g’}’%ﬁ{ e@%‘%%?%*ﬁ?ﬂ"’fhe hl; C 2¢2 aﬁit he
renote circuit. Gbaditige)ahdictiveydptical, ramahission hioeand wirelgss-e g4
of FI G&! ?iﬂéﬁl&%’tctgﬁ%&gwg’es??e& char act erj st,i ci of, the .t.hermal . r])qgerrent
st empkBendih on tigstyge st sighaldnieeipes employes], thest &ﬂn@?téégtqagﬁglva{'/l w of the

IC 22 and the renote cirguit 52 s_sh i n 3 Al Bopaitlg a
vol t agenacbepitalang e}ﬁg&gﬂaﬁegﬂg%ﬂﬁl %ﬁ‘fflﬁte%}ggf ééd Vgﬂr\e{ﬁéhg %%%%cﬁ%facﬁdg@ an dpl 17,

respect i \ﬁ%g X P&@‘%’é&? ?ﬁ}e%%yf*; sﬁ‘éha? BRATideaike Righdl comthclsSR) dro patferiblymadeofmetel or

112 and’ n accordance with the preferred enbodi nents of
22 o B e Do 22, ‘s descr | hed it bt £ oL oUhe Bk, 2
As des (F:)r i bedWhen khersigrnl epriacts 80 P-,FECSOIEPa@ﬁ%WBﬁ gqceqapgc(jﬂ‘,{)éaﬁﬁ)%f@ ?fgﬁ?lglﬂté\%ll%’ag e,
Bl attbe sigpeipeBiastsD 448 ol gl RS BRI prSUBB bl Bl Op e onluct of 116,
e e B e then (o tne | C 18 22

as | ow voltage, high current power via the power connection 44 using the
conductor 116. "




Al so as described wth reference to FIG 2, the voltage regul ator nodul e 38
may be alternatively directly coupled to the I1C 22 as | ow vol tage, high
current power via the power connection 54 using: the condugqqu§$ﬁ, wi t hout
usi ng the decoupling capacitance 42. In an anal ogous manner 'ds descri be
Wth reference to FIG 2, the power delivery system20 12 is coupled to the

' ' 2 ; , e o
S bR R B A RALPOEI  Gy FyfeB aaraton
requl at 06 FRASacEd APCH GifbrPbdrGlor, hOW dedbiteKin bt dutail belos:. power

connec? using the conductor 117 ‘and 116, then to the dmupl i*?F%
capaci t ancewipR ths sipawl conltdceg( arkicginpatible wnth thoinductivetypnel peRintedHreei on

156 using the conductor 117, then to the rempte ci.rcuit 52 . age,
. hi gh csignaronipotec0 are @rqfn@bbsmﬁ@ﬁ\%frm%lﬁﬁé’&‘?‘fqg‘h"‘l%%d“ugf ‘ﬁ}& °?%®%%%§%!8%@%¢ 117.

Al.so in an.anal us man I 1 f Lerivel dlement (hdte
vel tagBeer%Sg raﬁpgga’rﬁ?ﬂ%aﬁ'%ﬂ&gﬁ f@‘?ﬁ%@éﬂ}ﬁﬁé@&b‘gﬁgﬁ‘g‘gt I §/ counBI :acg to the

" remote ﬁdwrrf;:)e 11BB% FovidRY 0l PEB@r ohia@bmesstorend witldwedesoriltee ia furghar slgteil below.
regul at'or 3u}e to renote circuit power cannection_ 160 o#Sj nglt.t&e conduct or
117, Wi t houtWhii the signel cegaun®? e compaiible arituthe spticabiypg of siepal iptrefage B¢

vol tage regul ator nodyl e 38 nay deliver |. i WEEEdivdrQuWer to
t he desigopl qoﬁ@“@a%ﬁ’i#%ﬁ@é&i’g% %9? ¥ H}BWé}Phg%YntYhaglls#?%gs T@é&{}? :El%l r?%htévdgg nduct or
116 or,_. o J : ively, directly to the rempte circuit 52
vi a th@ﬁg’\?g?g &%H@Cél o%sd%ga%lggém 160 usi ng the conductor, 116, &\%vitho t
Ygi Ng the vokhagthersigial adminctsrOfl atesconpatiblalwidy thatrapamission fiae BPEA SIEA

it 42 del i | hi gh cur. i th
£ ehot e intorioes, fhesan somBe 0GUTAELD s A ufiiof fhe BRABoM pRTitoL® | 10,
usi ng tpP?ePe\é?rlé)Q%gmé ?-%gé}ﬂt) P |s%‘fl%nﬁe&fontjﬁ%lﬁﬁ@@bme nQ 2capdthictsgred 158.

Hence, conduct or 6 carries the voltage regul ator nodul e
38 and chlifectionNasishowh) tnsiderthe &6 22he decoupl i ng capaci tance 42. Sinilarly,

t he conductor 117 carries the vyoltage r.egul atar px ) d1 ER&F:

connect or 14§ henthe ignal I‘f@nt&%téé’éﬁﬁ ‘i?g“ﬁ?ﬂ%%c‘f”t%é (:e(a\'wf%g%% ésﬁ%‘éd s an the

i‘se vzi'([)iso NPtk h(?cis_l bl Pﬁgfexaaﬁﬁgt o b TR ShaGintebfdbé toxFovids fehimmopérmmpedBice hiitar
) g

C?Fét% e vol‘tage regul ator nodule 38 and 154 Ioc;&ag’ﬁon t he
PCB 114,capért the sipaeDetineaipr2zpadsitant ted 23rda 15 gutpasdnetsion ) THEEt or

112 and 140, respectively, .in r ce wWih,t A& s of
t he pr esnection(ant $1W)ﬂ%%depmg&%§e%a&éqa§wgb's {hg%fgp%f ?an?%cgsﬁ%hlg t? othe IC 22
to provide. .powe t C 22, as described with reference to FIG 2. As
descr i b%rav\ﬂgt e%%%’%}aelﬁleﬂto FIG 2, the preferred path for high voltage,

| ow current payeignalalonteets/S0 e kleomcelecaplyiipdhe sqmigpudugter diy %%W&‘Ee

regul ator nodule 38 via the power connecti . Y 1 tHEDR
t2Gce 1lpeatgdinside tbe ﬁ%{‘flic@é‘a?/"tg"s?% 28 g glgttuﬁon%l %QI,OQ'LE %gr?[ ?‘g&ﬂtngghéjéelg%upl i ng

capaci tance 4 Bfﬁg&%' ivelFe KomdiN tabindingy flip-¢Hie booling, and thedakel on
40 pr ef%orugglflé{ﬁ%;&%ég%h\g%on utclglgr 116 arﬁnaﬁ ter natgii\}g usi ngf t he PCB.frace
. 118, t hekre vl ipwhGnARe agt of semicondugtps manugietuing é’rﬂ?fet%\'hé theslectngal COMRIES

tion 44 preferabl ing,th dyct.or .1 | i
Che 20 Bamers e amed copbes Da S AUEIrDRtNT o P erPLimelt bR ERjeY §d iig! N0
vol tagegéﬁ%g%%é}%@ggg%é@nﬁ@m% SHsbRiddatiotel taslifietating, coupled to the IC

22 as | current power via the power connectiaon 54
phef erably usinagidrabcananugd atay btGocatrd oni aaytside Geksides §hhclop 08ndolteR Zfhd 44

alternatively using the PCB trace and the condu '
W € hout skdet 7 and @4 retiba B PR PeapRE Dt Hastsb SOt 90 b iBcatd EPRE bEKEWNO of

descri bm 22 iqer‘cpﬁ{ffl?ﬁ%glte?%@gﬁgS%%%?“t"%“m%q cB@lebN& 26,55 dbsfibd@abavecoupl ed

to the e power to the renote circuit 52. '{ﬁle
e

pr lef erred tﬂ/efl%ati%gﬁ\?dir tile hiignarcjr?niaﬁtspolmm shosvrpavthe tepphind tba sidg 76 ed

» vol tage regulator nodul e 154 as hi gh vol tage,.] ow curren pover Vi

pover caesmimhidoctospagkags 62.aBhe signalegntasis SPEEe ‘cd“é%@e‘gwaﬁ R Hg@f} b&%{;s
usi ng the conductor, 116,

h i L ance SR
. v@® age forthelspkho Q}Pxp'%(n?r%cg*%g@,&}l%mg“%%&g&ls 009 GRRARLIBNCR A R BSighAW

_ power “connection~156 preferably
using t hc%ll{;a%{)sdc%?}e%orfhﬁ?g R¥ch signal path. The signal contacts 90 may have any elevation




alternatively using the PCB trace 118, then to the renote circuit 52 as | ow
vol tage, high current 56 01 JUN 2004 power via the power connection 166
prefer ably using the conductor 116 and alternatively using 1 e B#B trace
118. Also in an anal ogous manner as describe with reference to FIG 2, the
vol tage regul ator nodul e 154 alternatively may be directly coupled to the

r endt gaiveHithe ffnidenduRvsr\patkaea?2. Mraferably, tierdigmb ventasts 20 all\hal¢ dgesame

regul ator nodule to renote circuit power connection 160 preferably using

t he celedatidnorelative ta e seticonduciov pagkage PAg Thisereugemend permiseasept hout usi ng

e e 108 Sl B GH 0 el BB

capaci,tance 158.,vi ! : i gehdugtor 116
and Pt ERagyPYery Taf Singe AR Rla0fal R ALARIh Bl MaEIONE L, °
she r gﬂakfage 59 & hécouirho®re VirtoushiRspedelginaring considesationa. Mhebighabiontacss 9@ t he
conductor "116 or alternatively using the PCB trace 118, w thout using the

vol t ageyiteyehay shapepsiee, @itchmatariel apditheikey Shapes ipduds pritheyt limakeance 42
del i | | t , _hi.gh ent i Ly t i it
557 i Savsaroteu e Foia Vel FCRE AR PRI Wk 82 i i e BB T B b ol !
al ter %&.@qutﬁﬁﬂqun%&q’reﬁ%ﬁ&acﬁénial&ial‘i@ié idfmafegial.he vol tage regul at or
e or the de

nodul oupling capacitance 15 158:' Hence, in FIG 19, the
PCB 114 carThed€ pidweercohtantion #é gutladesrconduhtive pagenerntadieoZ tnmed ofmetalp The

carries the decoupling capacifance 42. Sinlarl the PCB 114 carri t he

1001 t agewen At SFovdeRATY HBso Al ki DeRtras By veen BEpPres et AT g

capacitance, 158, |3 j [ of2,

| ocat gﬁﬁYef’fe(tl %oet%g %Qnﬁggt@,po}r% cg’ a agﬁ%(% ]a??]ée&‘?(l)@%g %@%ﬁﬂ%@g@gpﬁ%gﬂ tor ‘or
a pl usBbihylovktedimidethe senjranitaospaiibgheile Preferably,lthye ¢lectrinal coupling baiweant

92 on the top 68 and/or  sides) 72 and .74 _of the 1C 22. The, decouplin
capac thepreerrpniastss)a e the fpicop “‘itmgg @fﬁfﬂ%‘%t Usie Wires ndl Wil %Sgclisf ﬁgch
condugt or VR \ YR B gk BEnthéts B2 abgdiRrallyhan
from @ﬁgl&@???}’}’@“fﬁ%%%@fg%%é \g@%erf?% Iéltase,lﬂ’?vhe cIcl)nnect or@%lz ally
i31C| UdaGeit MasisbeBan e signat apetacts 20candARs eletteicalCoppling beswrere theipon e sontacts
fornmed as power contacts 92, possibly the solder electrically coupling the
decoudRiang the prmsicongdicioratic ad is heaviey é%é‘rt %@ﬁggeﬁgoggyn%ﬂqwsggéeﬁr%ﬁ%{ he
connect o j h n%q bieng
capaci@&h&é%ﬁﬁﬁx\@ﬁ@%@g@% dgg Stkhg‘h%?%ﬂéetg%cg?n le%ga rep?{éﬂgﬁggﬁ%m | ection
of di seHehetoRhatedstnbh @k powe coarati 3QAoahe vemyicomtvktar didh3hthan timougntlieonal
single piece structure such as a plastic cover. 30 FIG 20 illustrates an
el evatsignal oprtapts PO i the) sempoondyetos At i n FI GS. 11 to 19, having the ther nal

Jgnagement YSASHRcinBRA Binky 6E IARRAYAGLY Side BILRIcS (€, 0F¥8) boMbne 90,00

ntrol 57 system 20 1 n accordance wt preferred
enbodi GeRt7S Aid M) of fedEEIn. Predealypthe pbwerdoBiacR2 arhdoqatadem thekides) 72 of st em

12, th i |t f t 14, th i | fi 26
onnedhe 5 3240 much e pvigiad |aHpof SRS CEREHD oAt PeCORPLAT B A& and
the d Qe§€%Ho?§§qt%gcg%%& ﬁ}%’ICltﬁét KB%% Be uge%%o@ﬁ%%% éﬁd fter RSE-PoWeL a YodsOif t he

sake gur e, are inte to be Included'to forma
nor e ddpbd edlleamtObcatione fohthe poiveranmgtn®hireshownon 1ife fopdSumd$habdtions {70

heat sink 200 and alternati vell)e(qi ncludes a first heat s&r %%Ofﬂgad a
RSrst ofihe 3emicondudionpackegeft’efleocabing theRosies QOHRY an fifest "c@ ¢ | C 22.
Al ternatiyel t he t her pal i S b&adm Si nk
206 anﬂg‘éﬁ;éfﬁ%}ya‘ie%‘é‘?sgﬁ? ﬁ’??eug%s% %@%ﬁ@éﬁ%a sgdrréeilaﬂé}r@%; gﬁgggqgeecond fan
210, e«?&@fﬁﬁim@zl&lgaﬁs%ftsé ﬁgbi/ﬂém@domtqmmemm am Yoxof IidoatingXhe2. i

The first heat sink 200 an e second heat sink 206 provide a path for the
heat tpower abntaots aonthy top 6%rof the ICO Lsignifieantiyaednsas thedpive per sianglgoniast Rown
in FIG 1. The first heat sink,k200 d e nd heat sink. 20 made
of anysqupFRaLsh alengdhs gTa,’“Saﬂfﬂt?’ﬁ P@gﬁpea#be?tlég? {?Zgg%caé}? ee%ﬁ 4 gtacﬁ.ﬁoer &? %te &)‘ﬁde at

hnk 20 : | - i & 986 otfthe fC
300t act i e fip! PRHS oPARN 15 Bt ¥ontaBY oBBYSIINIRN SRTRORR 0% i
first heatrhspbieR@Atactnol tiedlinerneatineaet figimias figdpleblockafor trasake ppelatty.
design, and preferably have multiple fins that permt air to travel between
adj acent fins. Alternatively, the first heat. sink 200 and the second heat
sink 206 may be fornmed as a heat pipe containing a material that changes
phases (e.g., between a liquid and a ga¥) responsive to tenperature. The
first heat sink 200 and the second 20 heat sink 206 may be secured to the
connector 112, the PCB 114 or the conductor 116. The first




heat sink 200 and the second heat sink 206 are preferably formed as
separate parts, but may be forned as one integral part. The first heat
spreader 202 and the second heat spreader 208 provide a thﬁﬁ”ﬁh\llﬂf
conductive path to conduct heat fromthe IC 22 to the first 'heat” Uéi nk 200
and the second heat sink 25 206, respectively. The first heat spreader 202

and the secgnd, heat s §idah] pomer tyracts ndrproend abntacts e
preferPaYB‘FtiﬁaﬁﬁgkgeBpwﬁgéﬁgcqg%%%{a%ﬁg%lg@ﬁg?ﬁvlel y madé of a gel gé gl ue.
d

Typi Cagok.[[)és dtignd fofeukh Ega;tar 4 eadl grouR@pathnab deberibed ooHurefrsencedpF r 208 are’
in di rect gontdct with the I C 22. The fi r.st heat sg{rgeader %ggtoﬁggk%ggﬁz
second heat Tisppeacaonies X wayp hateanyslsy2ien FAVEL0 M PR part s but  may
be fornmed as one jntegral part. 30 st f - td @nd Thasn 210
f or co andrprateradds theall hpe A sape BF %@a&laé‘ﬁ%t°ﬁﬂ§“§§%8§%“*gé§;ﬂ§?ﬁ < 206,
respectively. o dt fihesdmicsidubabackagk 62@0d sase of he second
5§ Wnﬁﬁﬁeﬁw&t@a@?&gﬁ 06?@]%?pect?vell y. Thetpfi rst .fan..204 and.the
second, JR2ktoNEY phRdecatactd 9 eAldmatisstyy thespawalspatasts Pzpwgmdﬁ hymay bpve
pulling air across the first heat sink 200 an ztthecs%%ﬂggaté‘@ﬁmﬁi nk 206,
respecdiiffeedxwﬂlthtéoﬁSirﬁbltlvﬁémch@@rmé’HHd‘i%p@ﬁ‘é"cﬁ‘? fRACPIO ey recel ve power
via the PCB 114, t.ge gnne ggg;%%]a% or the conductor 116. The first fan 204
and t hePSBEERE PRS- O%f I'gned and/or secured to the connector, 112,
the PCB 114;?@.(’%&&11&&@&&%&@1@5 dlnal E6atacth 80 Bid/ot the pawepeonk#ds Yharedecdlv f an
210 are preferably fornmed as separate parts, but. ma for e
10t egr ahtsieahé serficenduotetpankage t‘gp rl’éﬁﬁ%?asédg? sighal @P%g{%%ﬁeag’td@ ?t}ﬁiﬁoz‘g% and
the first fan_204 ar refera ' Haskepackhg a6 nt over the
top 68Ccemtagtyd2age 12"25"-3388‘(% °1 E&P‘S‘%&i"gq’??ﬁﬁe ?ﬁce&ﬁ C 22‘.‘Sla 10g Si mpﬁn y, the
second %%{%@B{eﬂ%?%m 208 THe hecdepafind height 34 nktheeinahepniasts ARy the ROWa(D

y | '

are prérera ocated in a stacked arrangenment under the t he
I C 2F2) tcontdcs 92 et hawecanyvabie a@lﬁ@wd’eziif.fef?%‘e%%‘teo%“‘?{&eﬂ&% 8?@%53@%’%&%&{,

al so provide the | PCB sign i Lisfaaephate foas descri bed
above. PRKAZR02- S’é%’g‘fa Ydbg @P‘%O%&%ﬂéﬁ?ﬁg%% lg?ﬂ_%o:\r/?e?r@ﬁi % erfgce 132 15 1's
tﬁlﬁnSt fl i%?og%oﬁﬁsd%?ﬁﬁh'g otia by GamRrNAatétials Ferthe seioorductos paekags 6ha Ferterably,

erma nductive Characteristics to provide a heat spr it he
second theeilus pf Gegredtemined height 94 o Hie %gla? ﬁ‘é‘%f“‘(t,‘s ? @ ai‘-‘i‘fﬁr @F%ﬁg’?{ Sha o?%gv\er

interface 132 adyanfagequsly.prqvi 3 of the signal and/or power
interféb@'sﬁlﬁ?lelﬂ?’gﬁlifﬁ%?g}? eﬁlé‘g({na}éégg% E lisr?gti on. The second heat_spreader
208 conduct SplERR fifskies MaBtht kel contworashandie tROBVIaLopBCEHRES I9CR as,
heat pipes, and the like, to the second heat _sink 206 | Sc%glgdj%t glﬁgv}gpttom
of the fAGR Wit theEemismsunior pagkaga 62.cdhis cpsfe RESFIRY CANAT™ 7 A ke PN
connector 112 and/or theg PCB I j Subtd Ragl G20 FIG8C dlustrates
a?Q achreomtackedhasi SR "PEr Sﬁ%égélr%géffg%ggﬁgﬁ?i rstleﬁk?gatgj%si nk 200, t.ge first
heat Sp@ﬁ?ﬁgrsi%ﬁ?coﬁtMS b B5d/of @B pa@ds contretssiearn docated pRutRllyirReesiEddBHAC heat

and t

sink 20 e second heat spreader 208. 25 Therpal gr t

may 'be caedpbsding ardentasioneo? formed in the SPW@PE%%P%E??%% %3@5 (zgk(b%é%h\?\g g%gm
first heat spread 02 and t i i RGuthetreesofithe 1 C 22 and
the secerfatied? 2R¢PE ’c?é’ro%g?& %%a%g%r?%ggeg?c% heat spr eader, 208&%nd t he

PCB 11defdhordietatea 61wy spraadmiioa heiphte26d SPhepeetereningdcheight SR L st

si nk 20%6. e thermal grease 1 nproves the thernmal cpndugtiy) . e
adp ac entigpal domtacB(0 OTel/@the paverGastRcEIRRY NLKFARE YR "‘Pg & u%lydelggx{e}gﬁﬁ%ﬁl C

22 over the EM_  copnection 30, whi r8p i dfahe etetthisied ons,
as descPr ﬁ@%ﬁi@%?fn éerlgmong\hqtgrsqagg&&?%t rﬁ)g?fégll)g{’em 59 01 % 200b 20 nay

be | oc a?%%h?% ?%p?&li%ﬂ?é for hidRprtkssotiustdg Pastican deramipmatasialificytheocat ed on
a

the fou des 74 of the 1C 22, as shown jn FLG,,20. e .
eni ssi oReeRRhAnttosyakage D Breferbalytbe Helue gfthg,pyec{e%@lrgfﬁ hefghy gglogglcwosﬁ%’&}:t ive
- material including, without [im i.0 net al, |, s fRade t BackhbeXx
ci r cui t ,contants it rithkp‘é‘ﬂﬁ‘?t"é’&taﬁ%@étlis ﬂ-l,es c?éonﬂlnle@ (E?/IOfen‘i s??%ﬁidggﬁtgol L;@
system S _2Q..nay be rigi f i L BGndeih a8of dind eofithe signalyontanis
. m&? havédZa ms%?‘?sé?ﬁ aecﬁrfngtragéough%gwgﬁﬁgmy zee@{}:’r ef er abl f/jg the EM enission
control system 20 is carried by the connector 112, which provides a
suitabl e alignnent and/or attachnent nmechanism In this case, the EM
em ssion control system 20 nay be |ocated on the inside surface of,
enbedded within, or on the outside surface of the connector 112. The EM
eni ssi on control system 20 and the connedfor 112 10 are preferably forned
as separate parts that are nechanically aligned and secured together using
i nsert nolding, over nolding, press fit, snaps, clips, adhesive, and the
li ke, and, alternatively, nmay be integrally formed as a single part. The
EM em ssion.control system 20 may be coupled to the first heat spreader
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206 via EM junctions 216 and 218, respectively. The EM junctions 212,

214, 216 and 218 represent conductive paths to electrically connect the
respective parts to the EM em ssion control system 20. A% EML em ssion
that is directed towards the first heat spreader 202 and/ ol Tt H& ¥iir st heat
sink 200 will be routed through the first heat spreader 202 and/or the
first Jheak iR pwe2@Bntatld@2. AhetrbtesstghmayhalsEpovidermedhanisaldZnaedt @14,
respectively, to the EM em ssion control system 20. Hence, the first heat
spr eadtackodnt fatvres farrthe ppver canmaetion andiy sinaheRnnsels?y provi de EM

em ssion c r .qver th 68 pf th ' | L.SSion
Chat 1o i nacr 80 ilbsiEattn et 88 siafioriustad Citon it BBWH°Emtiiodite BT 3
will ; Jbémf Nh e, & c3Rfctd 99/ k/of ke rll4,

t hen ?ﬁsﬁ%ﬁ%%?ﬁ%ﬁe %Bﬂ%%tkla%ﬁg@?%% angf%?ﬁﬁg@r espectively, 25 to the EM
&1 SSicanta6er#¢ dispededringlGe atiemeesurfive of Srecanki¢rasinctoppaskdge 6208hignd/ or t he
PCB 114 advant ageously provide EM em ssi,onﬁntéol ur}&%a t.helbottom 60 of
t he | @rangerTens agxantagaossly shnpBaes eAniEHUaLaR apageofithe 7iggpl coafFs Vo o
sui t abl S/?round ot egat 's o via EM, ground path 220 to cause any undesirable
EM  efPdOr FIEPPURARREE57 t he 1 C 22 to be properly grounded rather than:

i nt er f eri norp 1Nsighd1Ronsedtioni48Iné addshesignat packagé nterfared0s Ehasignahparkigabl e
EM 30 em ssions radiated towards the |1 C 22 tqQ be properly grounded rat her
than iinteefaéet0hiy anyttype ofantecfape thappermits thesignaligontaots %Il@at%gmﬁla%'%ﬁ rates a

- i | vi f.the 1C 22, f j
Bhckagemesniner gt 53he caae ol e et RRnByi 2 1oQBe SEREART O
of si %g%!é(’d}@h%P ﬁ%ﬁ(a%? 6?.h §hEQicharpabtRagfintehficd (DFPRafbe fnoned as @aspa@atepad? on

the s and he 1C722,” as shown in FIGS. 4C 5, 8A, 8B, 9A 9B,
9C andidkit thelfensicpmhictyeasigages2mnd fteraineshapicaly jrigedts the ch?@iﬂﬁ&rd{aﬁ]ﬁ%ﬁe

-fired ic ("LTCC kage, as. | | in. N h
[TOC pcheiasvartans meahosteh et bPos mettre o B rolite bbb fhie prtii | 0°
seni copgluGhOranRAGKARE Pite scpiratdipitimaf bEfSimeAGf the Sanhdbrendidfeteyit fateiiall agthea

single precé. The sem conductor substrate 60 carries si 8nal | ead frames
220, pewhtoddnawr baciegs 622 2ltemadivelye thesignabpapkegointerfase 408 may hedosnedas ag ead
frames 220 and the power |ead franes,2 each, 10, extend.f s of
o e S G B0 o280 SRR SRR BT Rb S Pt
62, Thec RNl o SR UIBORSZER SREHr NG, Prhidiey, tRodlgdd Gackaps aitertaiamorie
the sem eorductor  pac age 62 and di sposéd on the top of sem conductor

subst rabg ifudeont @ nsorgnadivisioal signal 9ackape tieréared @0 sogespondingdacedndgrilor
package 62 and di sposed on the bottom of sem conductor package 62, as shown
in FI@Mh5 9B and 11. Note that the si gnal contacts 90 are 15 flush with

e sem con Qﬂ&fi%ﬂé fi2iri AP fed RS & dndRblarbetisticf ciign€gndl patliage itBrface
Elr?eferabl y,‘ﬂpﬁ}e&glﬂgna COI’elt acts 90 formone side of the conductive plates

adapt et depend enwhe typtlof sigapkioterfaoeusedpes sowsiigkg tablsfddadlon, 7Aend{Bwn in
table 84 of FIGS. 7A.and 7B. ... Sim I the e I ch
have. o psmBlad BpeifroRe od e piend mel B ik g AR, ShErERS

di spos | BineR8HIC HDMhisSd48s thedigndl RQon@dd 99 eviee ozdside of diet
92, Iogg{ggf%rgﬁgitaggdt?ﬂg&@em céoﬁrjldéuct orss%gilzagelg%Z grnld di sggsed gn ?lhe si des)
72 andcoifuefive phates saglirkidor papakisiye sigBal teemsfehoBhe serond side of thegronduetiveplates
Preferably, the power contacts 92, are |located_on the side 7 f 1 I

957 Al (ot b i o an SR e prmicandugsr Bt oAy be i oA PER O,
IC 22. Note ' &&%&u{eﬁiagﬁvmg _

sem coﬂﬁﬁ@?@&g%étfgl%e&%%? 53@&8%?@%?%%%0%%&?2?2%”06 to FIG 8 .a.m2 5 The
sem conghtepatedidtediri8 comstam unpeathideepabitivs sighaldrehsfer betveah shercondudiyei platah

upright orientation, wherein the top 2ﬁ2 of the semiconductor die 58,
havi ng opsigeals avingeperograte Humsngiesh ABHBRS: &% aces away from the

sem conduct substrate 60. .9 WA q gk e

si gnal pads%r(ﬁlﬁ CWBP‘Fo?P Q@f%&’g ﬁggl e%@%ﬁ@ﬁ%@gi?&u&@@@ﬁ%ﬁ %gl?{lggf)kg%i ng

Sfoanal e, 2R Kl SRASEH: AflobRAI IR D thaQImb clighalicodlAom 90 Some b opfical
I'm | arly, power wre bonds 234 connect appropriate power pads on the top

232 of tBhsmitet add/dr 2600ptidaheccsei.c Bincisignad package Bgenfesec®Prfenpothaiontical dewsrto
pads 228 di sposed on the top of sem conductor substrate 60. The IC to PCB
signal and/or power interface 132 is disposed on the bottom 70 of the IC
22. Preferably, the interface 132 forns_a dielectric material having an
appropriate dielectric constant, as des#t i bed above. Preferably, the
interface 132 is fornmed as a separate part and then attached to the bottom
70 of the 1C 22. FIG 22 illustrates a cross-sectional view of the IC 22,
formed as a Level Two sem conductor package 62 with a flipped sem conduct or
die 58, having a capacitive type of signal interface on the bottom of the
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10 22, as shown in FIGS. 4C, 5, 8A, 8B) 9A 9B, 9C and 11. The I1C 22 in
FIG 22 is the same as that described for the IC 22 in FIG 21 except that
the sem conductor die 58 is placed up side down, otherw se knQufes a "flip
chip" orientation, on the sem conductor substrate 60, as is well known in
the art of sem conductor design. The flip chip orientation requires that

the signals and power be.rquted tq.the signal Go , wer
cont acthengd medipied sigpalsyn tk}crfOHPP? @ggn‘?’avfg ﬂ%ﬁk}éh @% g%ﬁ%ox?cﬁm?ﬁ g’aﬁlgb?ie 55% t
orientation,. The,tqp 2 . ' { oftH 6t 1BSre hbRE exradihg tirngglanway
from tfe® W%Bn%é{)%ﬁaﬁéﬁgg erlg éﬁggl%&(é#glﬁzg IS fagi n teowar ds the

sem COduehlondhlist pAkaedE2 iopdrind the gignalldennestion A6 Hoanedbas optisal fibess, thbe
conventionally referred to as the top 232 of the JC122.in.Fsb$ %i ?yﬂge
convenieciali¢atlyratizaed withttoe opticahansstiterAnd/ey thi optical 1peeys n e iké 0 p

chip orientation in FIG 20 22 the po S 0Bvaheie) on
t he bothinalternatives thepneormose fxélggn{ag\x,&o‘é@&yﬁ@% r%cglotg%ﬁgct? gﬁgggis]t ngt e 60.

. The signal ,pad : . bervpobt anal Sdedicetsy 1 iP2tharthe eigaal ri cal | y
coupl eg"%“aplgo? %é%g%l%;éﬁngﬂgi&gﬁ{a}ﬁ%padse%GQ%H spgsecc?ﬂgﬁl t%% top of

seni co?mg@qntgﬂﬁ&tlr(wt& fofinetsasey iopepdricagrateingfleiess t hat are wel | known in
the art of sem conductor manufacturjng. 25 A seco I {ePPRKE

has a first Thederpoyesd 02@@05%4@1“?3‘8*9%1’88’%?”%3%6 gL(SBg%(\ieg(g%rﬁl %gﬁ y coupl ed
to opposite S 9f rthR§hefoReE caitfets Thochted fsidedher pad
238 andeHRCs u&ﬁan%b&grosf%gg&g%gﬁa e each Ip:)cat ed inside the senm conductor
RAC kaggerg?coﬁﬂﬂctgi‘ 8£516 DM dpeeaté wfthalie pevirconukstivn R4 dosstedroafsides® The first
power pad 238 is 1ocated outside of and uncovered by the sem conductor die
58 and stiniconduanuipgbags 6bad 240 is | ocated under the 30 seniconductor die

58. Prefera ,_the pawer .w $ sdvagutd parfomaker pad 238 to
t he corresp%weﬁé’@é agﬁé%yeé‘%blqﬁlq?ﬁa%%g?gg tr?lea&i‘il?st power pad 238 may
be i nt egral dviu63r padkhgd ENaRPién beschmdcaliytjbinehito thorsemisprduntorpapkags 02 At 228,
Alternatively, the first power pad 238 ga be Wegﬂeﬁhto the t%??]ﬁ(gs Hgdi ng -
pover padylart BbdingIver moling, seapsginter 5%19285%5? AFT&0 e '@ 2, as

shown in FI.G 21, carrie : Steri 10 MR kefcendacok pickagn6l.
sl?pportﬁeﬂﬁfa%?%%a%SPnP‘?gS?%éﬁse G aiontoh AC 5 8A 8B 10A 10B. 10C,

11, 128, fgeladfely ThE pbedackipeinterfaes1 05muhbe formsdas an nugeralafEr Aty for the
IC 22 in FLG 21. Additional el errentE shown.in @SG 33% {?ﬁq#%g&‘] e as
connectmniiddriuclonpackies §2a Toe gr¥er Packpgs ReTREG 0% SN 5L 271 s
carried . by.a canngct.or . : pASkapb @erfade 102 GaylinBuddhe
IC to FREEP ‘?aﬁ‘ﬁglfs %hh)eoﬁ?&%gt\}él?ﬁt&g%er??géﬁéﬁ%ﬁézar%p_ragsent ed by the % rved
lines exlendnse iflﬂi@[ﬁultp%ém Aok inerfhact0s @respanding to pechhvgibrd; ddeof the
connector 112. In FIG 23, the interface 132.capaciti V. lhe
sb@nal smbehamiesh anchelepticalAeatees epd 0@@@&%"588&{?& W Bacg‘%%%‘%?#@ﬁ??gé red to
the sides 72 or 74 of ; B #he pbiver édtinestiont to 3k 1G22 viarthel

W th th%nﬁ&%ﬁ?gweﬁﬁgtuggdnér?&e@g?rypfg&g?t he?pas 21 separate piece part or as
an i'nt egh@br QifdctP92.t he connector 112:° 15 Power is delivered to the IC 22
via the power contacts 92 |ocated on the sides. 7 4 iAand not
Preferably, poREESi $ARS.8erdfR.dhe F?@“BMF%%W%%%?@%@%F glé&%h the si de

72 of the |C."22 via th G arek &; aBbined ovithuatydeatir®o.
Al ter na ?’\)B?‘S}?h%\?@(?aﬁ%%(%g’?%’\@érrne%gﬁg?Egﬁp%évgf cgmgts 92 | ocated on the

s'?ge 74ﬁ%fm b iRhdrof2Re Figardshe preide moltipleemiitonat pas of feptveas. For examuip the gce
116 on the PCB and forned as a conductor 116 cor %ﬁd b th%%@rﬁ?&c&g 116.
The 20 sipmabedmactd 2@ 1dcated iuside the spmipoRIEHI AIKaES easpe\éagp R ELT At SR8 5%i A
correspondi ng power, cont act 4 i AngGteEscllid thelThe power
cont act §°§@1%%'\£@t}53p°t‘xf?écglitﬁﬁ%§% g«fd'a&afgﬁgs?%e, Errlg%é@gf a sui tabl e conduct i ve
mat eri alg. SUeRuasr ge 6ANnd sRéwss CRIGY, 80 8Brandrdd, makestizelyct ri cal cont act

. Wth the power contacts 92 on the I1C 22. The heat_sink 200 i [
top 68 of andrIGskO%, @BrandioC-lustaate awlaniview of thed Cei- 83 s H@‘Eﬁ?g %ﬁ%&o &

heat sink 200 draws heat  a fr he, | C ' 200h S8 abottbaed
. arddl or @an@&lﬁ-ﬁ,ih@gmﬁékﬁl\é\f éﬁ{tacgssn&(ii@gjé i%ﬁ‘%\;\f;ﬁ{u@ggﬁﬁoﬁﬂgé%ﬁ 0 Flog 20

above. FIG 24 ill 3690 Bfdben¥ing thedfackdpe defigdRystémrlovl as a
Level Tv# %rﬂﬁ?rc%éﬁ@%r Sgg%tﬁ’é é8§§m\?\n’eth an uepri ghteqjsem' conductor die 5 8,
having a capacitive type of . signal interface on the bottom 70 of the IC

22 and power contacts 92 on the top 68 of the 30 integrated circuit, as
shown in FIGS. 4C, 5, 8A, 8B, 9A, 9B, 9C3and 11. The I1C 22 in FIG 24 is 63




01 JUN 200b the same as that described for the 1C 22 in FIG 21, except
that the power contacts 92 are |located on the top 68 of the |IC 22. The
power |ead frane 222 has the power pad 228 and the power cohi 28N 26p
electrically connected at each end of the power Lead frame 222. The | ead
frame 222 is routed through the 5 sem conductor substrate 60 and up through
the si i 5 agendR, 6 thidd s, S

| ocat é‘g“%?dnaszfz'%el t@?@ﬁ?’%ﬁ?fﬁ@%@gﬁ?@&m@%ﬁgnd i@di%tggg@gﬂ‘gn the top of
sen cgpdiaiadcorktadts D0 ahé/ob Bowdheontavted2 srememesentd a5 squaltyapecedrqusiasdor he

sem conduct or package 62 and di sposed fm t he %MB of sem cong ctor

packatjustatiompurppesmenly, Prackically, Rg,@lgp,a qqrpacts; Or INIFYeE CPMATtS #éni%%‘fe

contacts 92 are flush with. the sem r..pa e i bed

W th by epEnatte 5 ebg ek Se R o B R e R L 02,

gower sigﬂgl c%ggécﬂgd RSB Rvr chBfcE ST haMd R nitire Of eS8 68, HoltemCTl aredpendi ng
a .

power G 257 llustrates a cross-sectional view of the IC 22,
f or medide) a2 béite ICT®pewides amdtipleembodirkerdethebaraiwithimthel scppseef thermi conduct or
die 58, having a capacitive type of signal interface on the bottom 70 of

t he | epexificaignpower contacts 92 on the top 68 of the IC 22, 15 as shown in
FI GS. 4C, A ; i '

conbi nat i 03’1%}:2 p,taﬁtg‘{%laégég }@E%%?@é&?ﬁﬁ%gﬂ? t8525{28 dlf?lelzin%GQS?béZﬂZI%‘r,l ggftogcfgeypt for
t he | oAkl mtdts 9 endiomsiwearadne. 92T G 6B AustrateF L@ bat®nha of the IC 22 being
sem conductor die. 58 in the fli

] p. chip orientatiqn, as desgribed.wth
10ef er emaitabletoraay signal sentasts 80 AR/ OpBAKST %F?Pﬁz"ﬂs %Qihq Rfegff@g esﬁmg%efetéﬁf 68

of the IC 22..as _descyi j 8
are | QRSRTERFEL VSR l??i(e\tﬁés g%lﬂ%l\(l)gr?hugtsoroei}g [bgflgteehg)g lﬂé o%tg)%mjta_ﬁf%}ﬁg@?zg’ %gsﬁ%a s
226 a ?HS’FPG.@}’}.OFIG.@C?ﬂlds&a&@ e @sE)dING tho @ L2 beidg afaitiblestowandy signat bentactst om
232 of the sem conductor die 58 in a conventional manner, FIG

26
i || us90amdor powenesntass 02.oFntheprefarred emhediments of thepraseat Hyentiqn, flag peyer

capacieonesop e A8 piihe sfele) A8 LS TE A AR FCEIC e T C 23 Gnd pover
ntacts 9Zye®. {hK, 168 268 10€ illifratdmaa likePexaniplotrofitiie dtdAgeméik arfil  8A, 8B,

)

OA, 10B, 10C, 11 and 20. The IC 22 in FIG 26 is simlar to tharé?ugescri bed
for t Hecakion2f thesignabgontacts Sdngdior pewersantacsy 9% erons ranere of dha 0BG, Boltem

packa 62 e . e. ] I i t he
sem C%ﬁﬁé{%?@ﬁ%?ﬁﬂﬁﬁe%%-ﬁﬁﬁe{% _}1%,‘3%%8%5%@%19 % {"g rlﬁﬁgg 82@%?? g)g with
refer qeg& fding h¥aBabRAoAy 3iEnalldatict 0 alorfowencbntadts 031 AatiesergrortidioNs y pe
sem conduct or” package 62 that 30 encapsul ates the sem conductor dje 58, as

first dfalciC B2 is availabledd ceosivea hest $inl a bept sprpadey oF thedike. Rygferpbly, shohest| g
26 illuystrat i copduct . inat
8 c st ip e Bt gonBb R P REIZ Ao Yl I dthalp i T B 0L GHapiboe

mat er i @b, 45C 3. herwi se known as a "glob top", is a conpliant materi al

having a liquid, paste or gel consistency and is applied directl ver__t he
seni conductBIG.d0B iflastrates ansoutet portippS and ahianegrrorégn Skhelths ERR:@%P&he IC

por meteheing Siailab BBy HemelforfR e HERRY LB fhn fetduS i dif © 11e
si des ﬁgrti&g 80@ SR e YW cBhiBcts 92 and tHERikBerqRRiACT | (dakies the sigaal conktucd(r

substrate Al'ternatively, the encapsulating material 242 may al so be
2ppl i eThit arrbigemanp isartyasiageonsofheanithe peweraontigistBrangite signalcantags PO have

| i , ~t.h | i f th } ial 10
conp! ket sy ebgnas TR Ea P abRnes BP ARG, It R 88 0 o
substr %agnggg a,}rﬁ%ﬁcgg' g%cﬁﬁtﬁWZ £82ohSudbiva afdltheRighal &stitactP9) @elcaphditivd. he

top su em conductor die 58. The heat spreader is preferabld
formed as aFIGer@illugtrates auotterpontinn d12 ahd as inphr portioed 34 of theéop b8 0F the Ihe

heat spreader 202 is held in place by the encapsul atin terial, .24
di s posgﬁeanh eing preilpblstte cagy sighel coBKCE SRR P°‘HF%°°5‘§”‘8§/§£ h@egﬁ@iﬂséls ating
terial, 242 .15 in nd i dif v . an nesi . '
ar acoupt eaiten 31 EpEa RS it piatlied o Y B8} JREREE | HFoRfioc b Siga
combi naf Al 8h. t he heat spreader 202 and the application of the
encapsulating . material 242 at the perineter of the sem conductor die 58
conpl etely encapsul ates the sem conductor die 58 agai nst the sem conduct or
substrate 60. Alternatively, the heat spreader 202 may be aligned and/or
attached to the sem conductor substratet060. Alternatively, the heat 20
spreader 202 nmay be secured in place by the encapsulating material 242
di sposed on the top of the sem conductor die 58. hl FIG 26 the top of the

sem conductor substrate 60 carries the power contact 92. In this case, the
top of the sem conductor package is represented by reference nunber 68 and

N M . Y b1 o NN PN o - . Y "




25 FIG 27 illustrates a cross-sectional view of the IC 22, as shown in
FIG 26, carried by a connector 112, fornmed as a socket, and supporting
decoupl i ng capacitance 42 and a heat sink 200, as further S@?‘WNiZ@L Fl GS.
12B and 19. The I C 22 and sem conductor package 62 in FIG s'tile sane
as that described for the 1C 22 and sem conductor package 62 in FIG 26.

Addi tional _el enents, shown in G ' : AGh&thadit2) febtarasmddas a
socket, andndie. i'até?e %?W“?éé,ﬂ gﬁl@%%h%é&g@%%%%%ﬁcapaci tance 42. 65 1

JUN 2004 The de is i eradbétwetiitie sigaal conaectmihend/ar@oieat e
244 aff arémggég%&gg’gén‘,dg%%l?@ge&pﬁbgﬁgﬁZ% separated by a dielectric (gfat. erjal
(not  ShaMERkonArdsdnse 1022 dEheupinentyr ¢ B isciompatiblesvith the VATOYRYPSS n the
art of capacitor .desiiglg. The de g};é{)%l n acitance 42 is disposed on the
top 68nteffatésedesited widhhteblendst i b |’3‘Lf‘%§§7${]) on the top 68 of the heat

spreader 5 202. A fi[St PR 0 3REpREht dvedtibg thatansetoohtl power
cbnnect or 8‘,‘°rfhc9§gl? pggfé\(r)l\%%ggl:gtge Si eos ofpthe decoupl i ng capaci t.gn e 42,
1

per mi t__bower .t piRd BeuIRRMEoda R BEeidicih@decouplirg epedtanre & a5 13 8eRSTBE o t he

decoup‘i 'ng capamgg ance 42. The power suppl el.ivers grst
power fenseddtail belod. \Bincethe cqml,ep@gé 12 éggp&{hgﬁé@gdh]eevo\i%_gg %fagéggg%cﬁﬁ% g 8 o

connector 10 2S8 nmmy al so..receive. I t S&4HE, herdbyi a t he
vol t agamd/endhe deesrupiipg Grraciagge 2 Aty %@?%g af)é{/(\)/gér%ttg@%l@rggﬁgop e circuit %f. The
first power. -Cg%}@ﬁ; AR RdreBRsechioh 24 S Mipmviging the lengthl of 1EBPAHY a second
power 13 .~ The second power connector 258%¢'t§cl udes a fitrotzmv\er
467 M Nadnnesompsl ia heacminimizesshe immedineg|and suluctspes o BB PYWE HETFTY St “Hower
term nal 25S of the fiyst power,gconnector . : ith 961 RRNSW
t erni np¢m26ﬂlem01@%fe§8@8ﬂdn?f£ﬁ%?§%ﬂﬂret@'?f%%&gg&%c%guéﬂﬁzéi ally formed with
t he second conduct j Qr:%?n%{’dﬁhi Brr&it i@ b @ighpetformeansie 1 y met al
st anpi H@lf‘aﬁfrﬁﬂ?‘ﬁg%?ge?%r ng, b§$cma be fogrh?ed as sgg |i)ate igcgﬁ%rts
that are el gqieldofindctor 10Quphyehhveatibes aribanesadcge§ §| ﬁtr%adgf VaRjuch as
by sol dering, welding, and the Jike. Likew t VW{apbs sivesfre
257 of materidls, depensing:en KIS CRERCTHRE gt a}i’*g%séc@ﬁeﬁ%‘%%%ﬁﬁe:% En'aﬁm Sztfs of
t he second. r ] j & B0, 12 aidl 24yod siderddl o t23eard; the ¢
nducf?mssﬁ%?%8@§49§§}?'§c%‘?ﬁ%hf‘éégﬂit, such as by nffﬁglslﬁoagﬁ'ég‘gq 12{ anki ng
or fOr Kiaghd 14ek 1081 38canklddfen ths side Fa ok the 1pi 22e PI5hFY UNG ’ ectrically
coupled to . the first conductive 2 Yy deed na tedentg,
and t héorizkatallyghigpyidda Mllgﬁaléﬁ ﬁnégﬁggggj%gﬁ%%&rfﬁ??ne 2548?:8 a

ground |i.ne. 2S2 OMNmbP ehd foFrh agarticater doren,rsbiferoresizetf fabove
With rJPEPB%B@“?SOQE?%%K&LT’%%BQOMr ?i ne 254 Qg’l‘al‘i es 25 redet rnrqtrggd

vol t ageofatast 18, Wae thhehgdashedilingsreae fo5 2 lesiaHoLRUROYS dgfﬁﬁs?‘% ial. The
power |ine 254 routes power t he decgﬁ)l i ng capacitance 42 and the ground
| 2he 25ntepprstadde dingt HESEERT (bé{'gﬁccf%’lgc'ioﬁ ground potential fromthe

decoupl i ng cagpg{&?pmg%ﬁg orhhit JTaHeEorneaier 2EXithintsis lodatedcboive el top €8 @B Fed < o
the first power term’nal 285 of the first Bower cagﬁnfector 256 ang ise

el ect 1i Zhjay exeiaplonty dow teddshedstingsdigand d2AFsgiBHOBRAE 0l & St power
connection 258. The 30 ground J]| .0 S. £ j 2CEiHle@ds b@otvdighas a
second loeaver as éP]fﬁten‘éHc"‘EseiveSEhetﬂrﬁfe{ﬁiﬁiﬁsﬁgﬁlﬁ&%ﬁiﬁﬁgﬁl 256 and is

el ect | SN SRl itk L fcal SBEARGYIIRYESbIvers topl68 26 SediC 2heTheewmactpbhbr

66 01°9 connection 258. Wth these connecti ons f.i LSk
cogduct gyl Rl oRéd negriither extead dosndbesidenErnsol ofjae b%%zgﬁ? F%S{Ileg e 122

second conductive plate 246 carri t he .grou ' JitSefthdtsd located
conduct and 18 afrethisepseithe P@m&%‘%hjﬁiif%“eggaﬁaacﬁgtg%ﬁgése%&ﬂ%Isudes one or nore

power menbers 250 that i > i dolinédier 112t Sdrmed g acovarengy at e

244, sggﬁt“é&enﬁﬁegbpr@taé’ldtg?gértg‘%nﬁg,e%%?ha{}g% or form ng, but | sa_be

formed g§+RerSahaialodnthesidep@2 tndriof the iCSRse dashed lings %hﬁrcg’g%t gnﬁlﬂé C%r st

. conductive plate 244, such as by solder, weldin i PENSK
menber s tR&omieetor A1 2,dbnpedaim %Fr,th%feag%%‘?‘ SB‘Ed;ﬁ egg%tgg g)f td{%gé: P ngapro‘;r{gl?%g to

the vol tage potential, t he | r.ef HRPA®N 1 9fif plesent. Note that
. sefl condbebeitor s‘ifﬁé"tléog% apgrma&heé&fr@\}gIaq{tsé\lo%gagﬁiegonduct or 1ai():ka e 62, @as

shown i 0, £1. Gy 2for 139, (B RBScE AT et ecepinathey Gatbash stdes/ 2pad oipfithigt

capacit Incl'udes one or nore i
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ground menbers 248 that is preferably formed with the second conductive

pl ate 246, such as by netal stanping, blanking or formng, but may al so be
formed as a separate piece part and then electrically coupled to the second
conductive plate 246, such as by solder, welding, and the bi1kﬁJN Zme gr ound
menbers 248 electrically contact the ground contacts 92, corresponding to

the gﬁ%ﬁldm&t%tih@kpre&d s Ibeing Girdifsdasashiehn. aAltgmativeljiehe opansttorid 2,

seni conduct or substrate 60 for the |evel K twy seniconducto 62, as

showrfotmedadh c@¥2r, they be Suglywjth qrh@l‘whérsl%%%é}l@ ‘g ng’grc@ @hg“a@ 32&1 menbers -

248 are each forned as, conpl.iant Lin r JBepe formed as rigid

rrenbelﬂg$tf%§ﬁﬁz¢1m8§en§‘?tﬂ§e,d ﬁ‘b‘gﬁ }O%Qf&ﬁ$ﬂ%‘n%?‘1§§ %r@?%%l Voor Ee power nenbers

250 and thg g{,&ﬂ@;lde 2INET S, 13648y parPb e casncR @Il R it iPdcatpd belgwthetbettsm have
¥ E"3ng &d y P

| egs that a romthe sem conductor die 58 and feet that are
§ ur neth) sPMBTAI2a4@Y efteadronlyapse rasteddines 024 sub 3¢ essentizdly faiBEASOFK v, the

nmb 250 and th d 248, .f | i '
enbestherwizy koA AP OrRAGkeh SRURE L Pl (4 (56 e UERR b A opped a8
i-elliptical f [ i th ' t th
C1 1ol BabPh b 1 pourng bl o R P O D e e

sol degs ] 655, 252 GORREEAS H8bcker, nRyhirthskxenduprthe sites B amiT4/ of tiadCe@ntol i ant
spring nenbers advant ageously réduce the conpr.essi e}aon the I.C 22

f
al ongddshed Ene122. asth2 8 datthisicase, feo-onsegipshids éamﬁﬁ%? aﬁ%}%t: s afiep ptars
Mb ticularly, th t sink i i tHh
1Bocouliet ingorigbpaivert hegptioph 10 ad P8 F a6 (ERRIES AL MBnREAt 1 (oD ormed as
heat ?ggcﬂegénmgr SRBLE AP e s i d 58 of TReIG12Bito drished BAG 120raddR6. Heat

away from t'he sem conductor die 58 via the heatggfreader 202 and/.gr the
decouplié agectap acirevtarel 122forgied as @ sockeh rg e dopsustase that s logated %%PﬁMlﬁbor
capaci tance 42 has_a hal t endi t hr ough i e first
condugbovechptop &8 ofithe Iafé g‘i@Bﬂ&"@%ﬂ@&Ef‘# ellgjg%@%g%g%sg% ’tlggh cﬁf’%?&;ctri c
mat er i al I | 2% Gl EKRAd hit vednteseteihe bbingtlirsitedader
- 202. Fﬁteﬁﬁgf@&?gghgﬁ%ﬁgﬁ%ﬂﬁo@%@t he heat generated by the I.C 22 |
15ondugich. t RltéReiveRlths codne2®® 142 Aorhed amsockel s be fsk Withordnside theidss
conducts to the heat sin 0.via the decoyplki [

Al t er Aatanddpf thenle B glé‘nl%t%’él“agﬁt%’bquﬁeg8%5%%@@?%%2@%%%@“%“8{ Hénat ed
to per.t talleasjag ¢ sink 200 to conduct all of the heat through the
decou;g?%eél capacitance 42. Still alternatively, the heat sink 200 have
one or nor By efli anshértexample; eatidfleqartiafdie conacetent 1 xthrbisderateBombiity at

I i f th i f th i i . FI G
25| s Paced 74 05 ey SERLAE TR o Ly EBRE R AT hordd | S ¢
ﬁz f f%%?r{’}?p@ Oaalgesrﬁ%étgf/ﬁ'e 1EW2, SR ThiS Rl fleQonitediade, Hmed as & fiathe] mag haveia oyt or

WO plece cover and as a socket, and supporting _&ggto@pl i ng
capacisiacethdisaschial dteat tiss top 6301 thalC 2hewbetveer tigop 48 ang bofam Hhot §a

S houn 1092 Reseppisptenypaaboicling 4 28 B 1206 Shnubden 111, ibfiled i bdme/mep Ol |
decoup %Q%b%ﬁ%%&@?%&ag%loé&réd bEBw! the boHdREBOBF GRAC 20) b betweeiehe font6randc e

132 ( shown i'n he connector 112 is disposed on the PCB 114.
The hegitosi M o2 [C22)ias ppsasdnied by ideshndriines 124 andi 30, and mey; extengito a4en

di ly in FIG 28, but, i ical hed . i nk

200 atsibfaoTnBtie it 4L brit mestin i Gk THSEFeT & picfs IS BndeBosIBE, B T

second oner gﬁzng@{m&f f4m8: anal ogous to those shown in FIG 27. The
ot or

first I's preferably shown as an edge card connector.
The second pguRRheeRR&ADRE 028 doanatef Hafirmed hpanots, afrping oz@mpekst.or . The
system 10 i ncludes one or. nore hol es 260, preferabl Iocatﬁﬁoat tr‘}e {\]%l{uer
cor nerilinstrateexayples of 1. various Fumssshapes Fidestzss At @ee%%?ﬁfmi A Fre -
connector 112 apd. t he decouplin ' kfalthy dédchigfomnd
secur ethahthedesgriiions In %F&piﬁgbﬁﬁgﬁiglﬁ g%fgi tl\E/f'ﬂge'e\?:/8 g t He ’assean?/ Vi ew
the syst hARRedchipfibiof #ié frmet, kid fHealesuimionas tishftame bleods insp t o
g@ttomof%t%ﬁg%%bg?n% n@ 200, tﬁe first power connector 256, the second power
connector 25 8, a top portion 262 of the connector 1 12, the first
conductive plate 244, the second conductive plate 246, a center portion 264

of the connector 112, a signal contact plate 268, the IC 22, the PCB 64, a
bottom portion 266 of the connector 1 IA% and the PCB 30 1l14. 68




01 JUN 20D4 The heat sink 200 is disposed on the top portion 262 of the
connector |12. The top portion 262 of the connector 112 has integrally

nol ded features adapted to receive the first power connector 256 and the
second power connector 258. The top portion 262 of the corhtd®ili12 has a
hol e extendi ng through the center-area thereof, which is adapted to receive
a center portion of the bottom of the heat .si thel S¥hnk&Br P fabPBe 262 of
t he comﬁé’gﬁmptm@féh%%’cﬁﬁtsﬁ%?’ tﬁ?ﬁe %‘m?‘g%tséﬁdsﬁﬁtg Q%l}]?e corners therseagé-wghe
first condyctive pl 4 ¥ @22t RELMA b RGdinpieddan theillnstrationun #£Gt -
secondfoﬁﬁ‘iﬁgronta@yr?ﬁﬁgiﬁfggéig#%% second pome_rﬂ%onn_ecti on 258, the slecond
power ter m ARk caBfectir Mthendy list appemitabbomatetiebinclpdg, without LigntAtap; RIGSUGT

power contacts 250. The power nenbers, 250 extend.10 fram. - Of wheur
. sides nfetdlwndfiaay havsomssitehle chragteristies mopying, IOl m%g@?w%ﬁgw%s‘s of

the second power. compnection 258 and f: RAVSHdutEVeiphatic Raferial atdhe
fPrst 56&@&608@'&%& ?et%@%?ya}%e oélr?il.“&altplgvxgcr) s. The power members 250 are bent

- downwargs. i kst coNEiHtidy @ob bifdven) 244 patvencontestsitbatropetatewith 8t at t he
f our cggﬁlgﬁgﬁfrﬁ@%@ ?g(hThe secoﬁlc? condacti ve pl ate .246, ca%ch}/i&]g b?? gr ound
pot ent icatrespondingdimmat benthdts 99 apdbpewerogntagtsAZnESPESHECIY CAHES FY 2SS Sner

connector. 256, the first r term nal, 251. of. 1ROV R€dri on
25 8, ddtﬁmﬂﬁlé’ebbmnﬁéﬁﬁ’gfﬁe@&&%e 68?83#38{1:%%‘?%%?5 gggtextenééﬁggtrg each
of the foursiges nahGtdoy 8s sominein 16, 2 Tbevel i Alernasielys the

terni nﬂo%égﬁnyﬁéth%!agg?ﬁg%ggﬁﬁ%onnecﬁzérS 256 and the fi r,stégower Eerm’ nal
251 of chhgectRCaNdnPOVEformrine thd deco@iBgaapadiente 42 Hesll VIR AN GNERIAY nenber s

248 bent d ds,_ Th d conduct i v 0 .
ol o6 2epaiencaraise. ThHIRS ARBICGR BALeLrgbi PR | Sod AlERaliont,

termngls 255 ' ' SESR Qf ditcieta/parilpad e didgBhe fuhctiornt ¢fethe i r st
power 3{3?13%38}09gg%hgaﬁﬁfﬁgn%&;%ond pf)iﬂvxl/)elr? term nal s Zpgﬁ? carried with ﬁtqje
first GRNdEEtdgRiter abeule 38 andhor thealebourding sopasitants:fiie WithputgImg Vehiat ught be
alternately arranged adjacent to each other at a predeterm ned pitch in the
first powsidetedrreoventionsbhousiite: al ternatively, may have any 25 arrangement.
Preferably, the first ' ' h&#& fbEshowin) that bernsiethe mdnnector
cﬁducti ve p*ﬂ?%onfﬁ‘étf)r gwgkgg%gﬁ%%c\%gfeaconn@cti on D258 gnd,the second

POVEr  t EIoiioRl tigaEBander atiacHedriotdmotheesticture iedwrting tithoup liaytation she ‘EJ?"“Erlhe
second power connector 258 are alternat n ] Qkher
h the wmobhi sroaier SomeEEE 3¢ SRST I IS AR Do SRnESER bkt fﬁ%&‘eﬂm
arrangegent ., Pr ef | I TRO Hedlgdnscal Edturestnay bel foririet as bepasate
conduct %eﬁpgfzgn@ffgo? %gﬂ&é}ﬁgg%u'gg 30 con% acts 248, carried.w th the
second g@nstdGliadednb diceccdbctont K2 o intsgradlydpymed With isfoRBFHF - t 6™%ach

other, but, alternatively, nma Ve. ar Ji4IN 1BROBde The
cdht er porhdnigpl furss 1Q°h¥iec\¥ﬁﬁ%‘gtqﬁ?lt%§’ Wgéﬁl%ggg:r@gtﬁp%%ﬁﬁ%& ?giat ‘l:gi g
adapted_to receiye { i RANEE of BReshHETorAH8, amidorthodess Eoesaes, frowghs, an
connect ﬁteﬁégg%ﬁ“%oéldl n ngrrugt Fy nol dgg features on the top gc%rt.iﬁg%gr% of the
connect gys liik%xadiidintcent @rmmershifores 26 thegfonpersorcldin ddeFReCRIBCHSEHIGF B8 | y
align and mate with each other to prqvide t i ; fafrei 1
s bct Tare: BetenFsdResmsoHes, SOR TS SR TRSsTIge EG oD UShRER Ml scpatlll

first p [ _conn dh e onBE@adL 1IROWer connector 258. The center
porti onga\%%dleﬁtotaﬁé{lg%%gncg%%% l112 and the top portion 262 of 5‘ﬁ}hhe onnect or

132 nechani catyeykigtal Gohneotion26 endibt the pawhr eumestionZ47re glegtEc i ng,

ot herwi se descri bed as a cover as shown in FIG . t
capaci t amcbanigallyrepnpdesfodhe WP@H?%H‘ Wﬂ?ﬁléan%%%ségta&gﬁ !L}%E’L?%ﬂ gg&%giﬁc{‘i%tf r

hol es 260 ,at .the four_ 10..cQqr : d FRorsilenative wthdais onlthe B 2B,8is
al i gns &R °§gﬁp%ertcﬁgn%iu%gtﬁ%l&é{rh%?ﬁ%%aI s 251, carried with

described above. The signal connection 26 and/or the power connection 24 may be formed as a

conductor 116 or as a PCB trace 118, as described above.
6 and the power connection 24 are formed as a conductor

30 When the signal connection 2
116, the connector 112, a PCB 114 may not be used at all or may be used only to provide
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t he second conductive plate 246, of the second power connection 25 8 and
the second power termnals 253, carried with the first conductive plate
244, of the second power connector 258. The I C 22 is nount ﬁq }'J% the circuit
board 64, otherw se known as an interposer board, form ng 1y Wlével Three
IC 22 as shown in FIG 4D, as is well known in the art of |C manufacturing.
The bot tom.pori.i f e .thé e6Heb 13 aflydie cdnsigBAdasi N
o B Sy 100 LohR TS Bl f G S A e e et o P

si gnal K81t & tROTE 22 iant d6rf the eoddittorT 6 thnt tavry the signels apdshapowerdodamtect or
112 is adapted to nechanically align and sec,gre t he PCB 64 {@mi;che t'bnt erface
132 t 02.pEfthe PCBhis presgnhito provdachemechanital stabinior S1¢ qoRBeHst fie 20

PCB 64 t [ i ith di i . DI bl th
e st 12 sy anper e om R fslileg MNABERLRELELE Y On TN
h“e connectgr c?}%:&iftﬂ)m DESmEPHE ubtl 18 30136 Creigrial CorfrRblions 26 Bgd/sr thegiosak . The

oles 260 int our corners iIn eachoof the top portion 262 of the
conneggsiectidr 24 kb and/or Foncthe d0ivsingghacendpgidye transs 4680 Noheadhel 9’6@1}1%09611 ate

246, th t ti 264 of t 1 1 d the hott i
766 ofl14 fmapdprslls bt citcit beed SERRBA SRPONOCHSTESt ke PETAL A A SRR, o
al each cornor. Aohas iRk G FB4E 2bMEAILIIAIR HohitPl 20| MetcRisiAnad i fane

conmo AR ZRPOPHAL our “corners to nmechanically secure the
conneqyeks bRl BEdRAIthe Boidn FOuL N IC 22 adihe sysofithe tixcuwisbedrdii4i Thel G 28.

Al ternatively, four holes, aligned with the four holtagis in.the ass n‘gbé%of
tohe 3 clicaiy bbamh 11d, mayphavecrasions fpes ofmeehaniopl fepturesfoadenapd/oh S?%e&? 110

to the P CB 114. The f any hyvoedincldi i

i ¢ e eprmeder i, b Bl Y1 a8 V¥ RO R Rl bl

the | itﬁgﬁk% hathRsheRR ARy B80pePite HathoRiespddll tpanhahisalofeaturdsepr tht matingr med
(0]

wth a par the connector 112. Preferably, the fasteners are fﬁ{cmed as
four sepefued er that esessepdateciastendrs,shgh as Pios,SEESMSNRIES, 08P Ling0dshe Hke I ¢ hat

are integrally formed with gt | east one portion of the connector 112 that
mcha@%l@?’%ﬁ%‘%ﬁ%iﬁ’f&%@%ﬁ?es on at | east one other portion of the

‘ ff””e"t or I ik edcRi1S2 dhdveld el WRnelof en éaatiamtswith tienmanactos hisWaren the
clips, preferaﬁy Create an e_lsser_rbltg of the s?/stemthat can be e%ga%)h%
assentihegfaas #32lisassd embombinatiopwithithe eansgeter bi2, fle coaneeigr 11518 nee ely,

The < chamcd s sraeband samseo B PIRIERIY dip It iSRS 1 T2 BT E RO 22 RS

the sy DR 132156 W catddqAaf ik peiohiof thel doanenom kL, dormiclizzsamdckétorheat
si nk Z%Bgr&f‘%g“%r?rculit 1board 10 114 ig typically referred to a

the
ot her aae dvitle drumekétordrame foamiigan queryposion ofdhe ponngreios 147 at S‘Fli’éﬂm‘?“‘é oS

i nterf ith _The b 1141 ncl t , '

B own) e natetiacs 132 itk 432 RS e 5 Tndt i d ShfafRitiibnfe (023 8 el
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25 22. The decoupling capacitazice 42 is disposed over the I1C 22. The
decoupl i ng capacitance 42 has characteristics of a heat spreader and
directly contacts the:top of the 1C 22 to spread the heat (ﬁr tn\ | C 22
“throughout the structure of the decoupling capacitance 42. hé! ggWer

- nmenbers 248 and the ground nmenbers 250, form ng extended | egs and upturned

feet as described with, reference.to act B0 B6ells BY caeyer
contacts QZM%@Iaqi’FRﬂ%t)‘esé’r’f heg]rngqﬁf?ﬁe Jfgéﬁggﬁcl‘é%&%gﬁ%’n%@@% ?gﬁln)’ gon the top of
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- di Sposﬁf&té%{hﬂ%ﬁ%h%& dasqibiéarienenstdy, offthe heerfCed2? usingtiemperaorueresRERBEE 248
and t he grouhd nenbers 250 are shown as_inwardly .curl efi a rrsh%%%hands, and
that t figeSiThe dteifadeck3anay baformed asa singleArdpylfiple IAara Pf WP TER i t i vel v

coupl e signal s between the .|C 22 and_t. 18 SRkl orhe
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di el ectric . naterl. | FRRF Of hidldedttetirdito iie fimtmatarial nherns
t he coﬁ%ﬁﬂ@ﬁ&%@%%?%ﬂap&&{%om acts 0?1, the 1C 22 and the PCB 114 to
perm t ﬁgggﬁiﬁtj Bers hiddd, ooerpholder, stitched rand the Iie- 22 and the PCB 114. The
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decoupl | capaci tance 42 is, di spose ver,, the ncerket s
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M

si de (NQYursHeM 2 ofthe rb@ate chicnit 52@tkyite areangedin HYRLCHECE BRYLf &t or

112 and mekes direct contact with e .decoupl 4 it Bmitdtiote, 32
i |1 ust reersis arapgereents pl the sopfacts ﬁﬁé B]’eégtgﬁﬁcé)#v%%fl fon t Leét@ﬂiﬁgutger maphr odi tic

in the sense .t | Y o SHREN S0 Rferfick 182 tacanak dhtevfatd132 toawetsst todntesfaes ve

the IC ?Qé?czit%m%rrf&taeslrﬁg’ %%@ecr that may fit over the |C 'Ié%s t%tﬁ%et of4

const r Ugs3 Ghitetfics 162 whinterface 132 comiactito nterfyen L3248 MtgIfeceok 238 SRR Tiiduct or

package of the type illustrated i.n Fl G5 ' 1i18AHAEb, 118Gntetfhce 12A
aid 12890nth0ttth|1@°£f6(‘r?s]t3rzl}8t°f’ﬁﬁ,t%ﬁ%egﬁ%ﬁggﬁgfoﬁtﬁgt?ﬁhdde@@én external nmeans for

connect gg L9 1 ASHEFGy Ble ARMRrfald 411454 IELEPEB 64 opal4, thé conlyelocil i@ the
) ) |

h may serve as respective first_and d
POWET  CQopReskI2 of hesreamis tiranit 20 nr be fosmmed 4% P 1G0GF 13&(%*&%‘?8?-@‘8%%?5&?&%} be
supplied to the I C package fromthe si.de 27 T8 (5PRAREd dfcuitl?
carri es inthefagol Paway BYRReg YRS ?Qﬁ%@ﬁlﬁ}%?‘aﬁ%f%‘%%?‘é’gi Al 2et 2eahlf ormof plate

capaci tqps that i Hﬁi& Stdn"ShoRWUHREd SR aiigte-2ddbdanchllst, aliffierentinh sereal gud
250. Th 568%@%’?(){&&&%61 AS A7 ecess, of cavi Ly, that is formed dor th
25 differential parallel signaling. Further, the interface 132 and/or the signal confacts 90 and/or the

power contacts 92 and are designed to optimize electrical engineering considerations including

inductance, capacitance, cross-talk, propagation delay, skew and impedance.
The interface 132 may alternatively be used as an interface between the IC 22 and the
conductor 116, the connector 112 and another IC in an analogous manner as described with
30 reference to interfacing to the circuit board 114. The interface 132 is compatible with the various
types of signal interfaces listed in table 84 as shown in FIGS. 7A and 7B. For example, when the
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72 01 JUN 2004 as part of the connector 112, with the power contacts 248
and ground contacts 250' are di sposed inside the recess at the perineter of
the connector 112. The recess has an appropriate shape and gepyR @gapt ed to
receive the IC 22 to permt the power contacts 248 and ground contacts 250
to align with and contact correspondi ng power and or ground contacts 92 on
the | Gp22ei 1508 SRAMRIbIORTERR dondatimtypeofighal Srterfieothe dntadeceot32112 may

al so be considered a cover, as shown schematically in FIG .12A, th tlfi ts
over tyefdrshly SbrnsenonConductiveshasonalicaryingmutiple discrale condyehivaragmepfithat

povor | carbapond Buand shanoii s ecstangs Ceatet SoippER i soBatible Auge (he
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The dedislestrineprstaphanid astablppredetermipet Ape 0 {118.C355 15 SigPa! o 22

dth . ) P
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conductor bécause the decoupling capacitance 42 bl ocks signals from being
transf gpardd 1uhr ough the bottom of the connector 112. The first power

connector 256 and the second power .connector 25 h .
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fs two i%ﬁawm@fez&ﬁ?’ foiits ansaptivalofanshiission chehnecsucl Atia ks, adapteddo 88my 257
that extend 25 outwardly fromthe cover, or war.dly in FlG. 33 ' ype
of conwptigaltsignalpiarthe foym %%mﬁ‘é‘%éﬁedi‘@hb a%ﬁéﬁi‘%&&@%‘ﬁ“ﬁé“%%@%%% ;rg(t)trhﬁ%? e
top. Miltiple conductiy i { 856 ARéh adw/éihBcgomseptical. FI G
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sized and whi ' | Q3 p 2 iMBEdanbe Makth\bRtweehahe (Z22xhd Yhe

d# ect ﬁ&?&\@erﬁg?g{&%bbl\% ?L‘)gg%f?o'lzhgﬁ?pm p?e}t ese'are separ at ed t%y an

i Nt er vegiidag tbagd ET4.rWiheh shyeintedf0¢ 1321is complatibleryith the Nateless tae® stenghi ckness
power ritestiopl o FSFRER® 13BaRHEIARG! fos SR FeBOrE BT g PRAbIE e et
insulatjv ayer: 302 . ' : itom surface of the bottom

capaci t%‘?%ﬁ %‘é@al’n o"%%ﬁggﬁ?{gﬁgggﬁg%%@%@ﬁ'omthe IC. As 5 nentioned above,
the power delrhy aftvrfEssi3emd cobadtsn withithe pidkage ddsignaystan: &5, agvaitagequelywhi ch
may include interlaced power and ground (power, returni cqnt act,s ttggi%gé{@nd
00 war dpgmfitsche ppesaiphsfreguengy of theanigFPrersHior 19 BIGEF23h¥ t@?‘g%gr(gflmtgh

package, _prefer i.n the .canti . beld: . RAAD ahd kespacRARS,
where t A€ eé?%’&ggﬁ %roeﬁ?%'@ % ﬂg%g ef%gﬁ%zi?%ﬁglﬁggld%@%\%@m plaat 6@84,_@;66
and por h'ég?%g %ftegﬁ hg, fopmimcdondddtie pldibs & the sigpalomhtagts i togsthenprogidsra

ot herw se F ed 10 within an exterior insulative materjal, such as .

pl ast i ¢ capoitive typnofeigmal daterfaces (n dhis cse thbipsisnEnets BANCHREATHESH MR 8@‘%‘43
coni natienRER R isBeammer A B E G AP A % Bpered e ATh o Bk 1
wi.th an openin mﬁiﬁ'ﬁﬁ@ 1004 RrpBlo@iki ’13ﬂt6rfaé’élﬁ-1' dreglnency
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portion { seritgd map bs trakisfemed witheutdndrbasingthe ithpedanpe sigosl 0 a

cont act nggntah&?rheatmggnerati ng surface of the IC 22. In sone constructions,
a thermal conducting nenber may be used to fit in the opening and extend
between the I C heat generating surface. and the heat sink. FIG 3 Sis a
sectional view of FIG 34, but with the 4@ower insulating |ayer 302 not

shown for clarity, and illustrates the relationship between the I1C 22, its
package 114 and the power




20 delivery system As shown in FIG 35, the |Iower insulating |ayer 302
abuts against the top surface 22a of the IC, and additional, but smaller,
openi ngs 306, may be provided for purposes of . additional(¢oghhpg. FIG 42
presents the end of this section for better clarity. The contacts 248, 250
are positioned around the perineter as illustrated and this arrangenent
reduces the amount .of force requir Ol : | Erhbfth R AR EEperfoimbietantihe
cont ac@@@f@@é@sbgﬁ@tfﬁl%og%& Ségfh%'r F@%‘Eﬁ’g}lé ?‘lﬁﬁe 25 of action, rather than a
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such as 0.5V.peds O¥e j ﬁst&ésaaﬂ%lewa@@vie%ﬁhac 39, dslshowt imFiKS 14, locatgd iy &d
contact arra gle' n? at

me may be used with the power delivery.s e t he
oy Bsont cLas 2 fohmobhc fa0e n spoxisEu it Lekried pipadmas Jithe sl
illustrated as separated by an interveningcdi el Gl in3R0 cartdcion @12
cont act snmonzgégo*z%&@ﬁt%ieéf °°@9?%?F3h§05\%%\/\1§?§%ﬂt lg?g%i?%m at cg}g{o_r gxi Ere‘lite
right angles th giat 92 34874 35Mel18\R2, Has 4 lomenpart that isdecate
| ocat i oﬁ’%sisﬁiet%agtg\%a?ﬁ(%g b%j}(mr%gc%ta?%ns. As illustrated, the contact Sdfl4§x of
254 he | mysrwieh ai £liftkfoelew erecbdiionsof the HG 2R, andchas BB vRRRIP3E RIS CHF T

Shown,  heitvon Laibeseteidp Shareic The komideret BB Beg 3 BB AL At
di fferent_-el %gu%qgidggébfm%mggh%p@qugerrent assist in the reduction of

forces r‘é(Hﬁ‘i‘ ron"and renoval of the cover portijon 1]12 upgn t he
ICor its paCi*ﬁg.ewfmugtb@tés shelevutisherevobf thed€28; ss sheam iaAldghl, cAWPIFEOFEE kage
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. are hal ved at e first contact. This_ 30 arrangenent furt ) t he
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. codfect | ebodimentspf

structure to_reduce. the likelihgod LiasL; i EPreRidtel CikdulGsi i ng
tE?JRFeﬁ A on'4gL? ﬁ?’g‘%‘% Flgt&elgg%ltn?{ul% ano{&gr |be {trbocﬁ;igle ntdo
of a power | i &tohnfeotion A6 6 andchasa tdp apetterailgpeandof
t he pres8?1?19%%{%%’/12%?%1?1?/&%@%?{%&%1&2&%0%r delivery system 375 includes three
capacitor plates 318, 319 and 321 which are separated by intervening
dielectric material |ayers 300, 323. The top and bottom capacitor plates
318, 319 are interconnected 5 together, pfeferably at their sides as
illustrated, by interconnecting nenbers 320. These points of
i nterconnection are isolated and separated fromthe mddle, or interior
capacitor plate 321 by a spacing, or clearance 322. Sets of three contacts
248, 250, 325 are arranged around the perineter of the power delivery
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FIG 41 illustrates a power delivery systemincorporated within a cover
portion 112 that 25 fits over an I C 22 and the cover ‘portion 112 has been
rendered transparent for clarity to show how it engages thellclUpdikage
around its perineter. FIG 43 illustrates the exterior of an assenbled IC
package with the power delivery structure incorporated.therein,. r® n the
dec ouR|des 948 apALs (. aAconredtorsl 49ds disposad QWGPEHB{}C hef %‘F rgn%tg\?grwﬁes%ber
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capacitance 42 in an analogous manner as that described above for the IC 22, the voltage

25 regulator module 38, and the decoupling capacitance 42. The specifications of the IC 22 and the
remote circuit 52 typically determine whether one or two voltage regulator modules or whether
one or two decoupling capacitances are required. The physical proximity of the IC 22 and the
remote circuit 52 to the voltage regulator modules and the decoupling capacitances is also a
factor to minimize the impedance and resulting voltage drop, as described above. Hence, the

30 specifications for the remote circuit 52 and the IC 22 may permit the remote circuit 52 to share

the voltage regulator module 38 and/or the decoupling capacitance 42 along with the IC 22.
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10 Hence, in FIG. 15, the connector 112 may carry only the voltage regulator module 38,
i only the decoupling capacitance 42, or both the voltage regulator module 38 and the decoupling
capacitance 42. Similarly, the connector 140 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_

15 capacitance 158. The particular desired combination depends on various engineering |
considerations including, without hm1tat1on, the types of circuits employed in the IC 22 and the
remote circuit 52, the type of signal mterface 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

20 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 thr
IC22to provide power to the IC 22, as described with reference to FIG. 2. As described with
reference to FIG. 2, the preferred path for high voltage, low current power delivery is from the

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

conductor 116, then to the decoupling capacitance 42 as low voltage, high current power (.vi'a the
power connection 40 using the conductor 116, then to the IC 22 as low voltage, high cun::ent '
power via the power connection 44 using the conductor 116. Also as described with reference to

FIG. 2, the voltage regulator module 38 may be alternatively directly coupled to the IC 22 as low

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

the decoupling capacitance 42.
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Li ] #1e988néo to&?j[[})%&ie@oltggmmr(rgo u{@}ég%lg}é%at%%%ymazt}p %)dlrectly coupled to the
remote circuit 52 as low voltage, high current power via a voltage regulator module to remote
10 circuit power connection 160 using the conductor 117, without using the decoupling capacitance
158.
Alternatively, the voltage regulator module 38 may deliver low voltage, high current
power to the decoupling capacitance 158 via power connection 162 using the conductor 116
and/6r 117 or, alternatively, directly to the remote circuit 52 via the power connections 162 and
15 160 {ising the conductor 116 and/or 117, without using the voltage regulator module 154.
" Alternatively, the decoupling capacitance 42 may deliver low voltage, high current power
du'ectly to the remote circuit 52 via power connection 164 using the conductor 116 and/or 117,
w1thout 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,
20 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
25 considerations including, without limitation, the types of circuits employed in the IC 22 and the
remote circuit 52, the type of signal interface used as shown in table 84 of FIGS. 7A and 7B, the
desired characteristics of the thermal management system 18, etc., as described herein.
FIG. 17 is an elevation of the IC 22 and the remote circuit 52, as shown in FIGS. 13 or 14,
each having the voltage regulator module 38 and 154 and the decoupling capacitance 42 and 158,
30 respectively, located on the PCB 114 in accordance with the preferred entbodiments of the

present invention. The power delivery system 12 is coupled to the IC 22 to provide power to the
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regulator module 38 may be alternatively directly coupled to the IC 22 as low voltage, high
current power via the power connection 54 using the PCB trace 118 and the conductor 116,
without using the decoupling capacitance 42.
10 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 PCB trace 118, then to the
decoupling capacitance 158 as low voltage, high current power via the. power connection.__.,1_156
15 using the PCB trace 118, then to the remote circuit 52 as low voltage, high current power..:yia the
power connection 166 using the PCB trace 118 and the conductor 116. Also in an analoébus
manner as describe with reference to FIG. 2, the voltage regulator module 154 alternatively may
be directly coupled to the remote circuit 52 as low voltage, high current power via a voltage
regulator module to remote circuit power connection 160 using the PCB trace 118 and the
20 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 trac
118 or, alternatively, directly to the remote circuit 52 via the power connections 162 and 160
using the PCB trace 118 and the conductor 116, without using the voltage regulator module 154.
" 25 Alternatively, the decoupling capacitance 42 may deliver low voltage, high current power directly
to the remote circuit 52 via power connection 164 using the PCB trace 118 and the conductor
116, without'using the voltage regulator module 154 or the decoupling capacitance 158.
Hence, in FIG. 17, the PCB 114 may carry only the voltage regulator module 38, only the
decoupling capacitance 42, or both the voltage regulator module 38 and the decoupling
30 capacitance 42. Similarly, the conductor 117 may carry neither the voltage regulator module 154
or the decoupling capacitance 158, only one of the voltage regulator module 154 and the
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"10% {3 o724 <hERhaving a voltage regulator module 38 an(d) 1 54'loca\t(ed olnoa/?:én%ugt)of H(G and 117,
respectively, and decoupling capacitance 42 and 158 located in a connector 112 and 140,
respectively, in accordance with the preferred embodiments of the present invention. The power
10 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 power supply 34 to the voltage regulator module 38 via
the power connection 36 using the conductor 116, then to the decoupling capacitance 42 as low
voltage, high current power via the power connection 40 using the conductor 116, then to the IC
15 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. |
In an analogous manner as describe with reference to FIG. 2, the power delivery system
20 12 is coupled to the remote circuit 52 to provide power to the remote circuit 52. The preferred
path for power delivery is from the power supply 34 to the voltage regulator module 154 as high
voltage, low current power via the power connection 36 using the conductor 117 and 116, then to
the decoupling capacitance 158 as low voltage, high current power via the power connection 156
using the conductor 117, then to the remote circuit 52 as low voltage, high current power via the
25 power connection 166 using the conductor 117. Also in an analogous manner as describe with
reference to FIG. 2, the voltage regulator module 154 alternatively may be directly coupled to the
remote circuit 52 as low voltage, high current power via a voltage regulator module to remote
circuit power connection 160 using the conductor 117, without using the decoupling capacitance
158.

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

power to the decoupling capacitance 158 via power connection 162 using the conductor 116 or,
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capac%a.l(&é Alli/ rg1ay %lgf@&%o&) voltage, high current power directly to the remote circuit 52 via
power connection 164 using the conductor 116, without using the voltage regulator module 154
or the decoupling capacitance 158.

Hence, in FIG. 18, the conductor 116 carries the voltage regulator module 38 and the
connector 112 carries the decoupling capacitance 42. Similarly, the conductor 117 carries the
voltage regulator module 154 and the connector 140 carries the decoupling capacitance 158.

FIG. 19 is an elevation of the IC 22 and the remote circuit 52, as shown in FIGS. 13 or 14,
each having the voltage regulator module 38 and 154 located on the PCB 114 and the decoupling
capacitance 42 and 158 located in the connector 112 and 140, respectively, in accordance with.
the preferred embodiments of the present invention. The power delivery system 12 is coupled tc;
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
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 altemnatively using the PCB trace 118, then to the IC 22 as low voltage, high current
power via the power connection 44 preferably using the conductor 116 and altematively 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
decoupling capacitance 42.

In an analogous manner as describe with reference to FIG. 2, the power delivery system
12 is coupled to the remote circuit 52 to provide power to the remote circuit 52. The preferred
path for power delivery is from the power supply 34 to the voltage regulator module 154 as high
voltage, low current power via the power connection 36 preferably using the PCB trace 118 and
alternatively using the conductor 116, then to the decoupling capacitance 158 as low voltage,
high current power via the power connection 156 preferably using the conductor 116 and

alternatively using the PCB trace 118, then to the remote circuit 52 as low voltage, high current
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Alternatively, the voltage regulator module 38 may deliver low voltage, hlbh curren
pov&er to the decoupling capacitance 158 via power connection 162 preferably using the
conductor 116 and alternatively using the PCB trace 118 or, alternatively, directly to the remote
10 circuit 52 via the power connections 162 preferably using the conductor 116 or alternatively
using the PCB trace 118, without using the voltage regulator module 154. Alternatively, the
decoupling capacitance 42 may deliver low voltage, high current power directly to the remote
circuit 52 via power connection 164 preferably using the conductor 116 and alternatively using
the PCB trace 118, without using the voltage reguiator module 154 or the decoupling capacitance
15 158
* Hence, in FIG. 19, the PCB 114 carries the voltage regulator module 38 and the connector
112°¢érries the decoupling capacitance 42. Similarly, the PCB 114 carries the voltage regulator
module 154 and the connector 140 carries the decoupling capacitanée 158. |
" InFIGS. 15, 18 and 19 the decoupling capacitance 42, located in the connector, may take
20 the form of an integral capacitor or a plurality of discrete capacitors soldered directly to the
power contacts 92 on the top 68 and/or side(s) 72 and 74 of the IC 22. The decoupling
capacitance 42 receives power from power connection 24, formed as the conductor 116, viaa
connector (not shown) mounted on the IC 22 rather than from the IC 22 via the PCB trace 118.
In this case, the connector 112 includes the decoupling capacitance 42, the IC power connection
25 46, formed as power contacts 92, possibly the solder electrically coupling the decoupling
capacitance 42 and the power contacts 92, and possibly the connector (not shown) connecting the
conductor 116 and the decoupling capacitance 42. In this example, the connector 112 represents
a collection of discrete parts assembled in a pasticular way rather than a conventional single piece
structure such as a plastic cover.
30 FIG. 20 illustrates an elevation view of the IC 22, as shown in FIGS. 11 to 19, having the

thermal management system 18 and an electromagnetic interference (EMI) emission control
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1122, 124, 126, 128 and 130 are each not shown for the sake of clarity in the figure, but are
5 intended to be included to form a more detailed design.
The thermal management system 18 includes a first heat sink 200 and alternatively
includes a first heat spreader 202 and a first fan 204, each being preferably located above the top
68 of the IC 22. Alternatively, the thermal management system 18 includes a second heat sink
206 and alternatively includes a second heat spreader 208 and a second fan 210, each being
10 preferably located below the bottom 70 of the IC 22.
{ The first heat sink 200 and the second heat sink 206 provide a path for the heat to be
drawn away from the IC 22 via the heat connection 28, as shown in FIG. 1. The first heat sink
200 and the second heat sink 206 may be made of any type of material, and are preferably made
of metal. The first heat sink 200 and the second heat sink 206 may have one or more points of
15 contact with the IC 22, the heat spreader 202, and/or the PCB 114. The first heat sink 20.(:):. and
the second heat sink 206 may have any type of design, and preferably have multiple fins that
permit air to travel between adj acent fins. Alternatively, the first heat sink 200 and the second
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
20 heat sink 206 may be secured to the connector 112, the PCB 114 or the conductor 116. The first
heat sink 200 and the second heat sink 206 are preferably formed as separate parts, but may be
formed as one integral part.
The first heat spreader 202 and the second heat spreader 208 provide a thermally
conductive path to conduct heat from the IC 22 to the first heat sink 200 and the second heat sink
25 206, respectively. The first heat spreader 202 and the second heat spreader 208 may be made of
any type of material, are preferably made of metal, and are alternatively made of a gel or glue.
Typically, the first heat spreader 202 and the second heat spreader 208 are in direct contact with
the IC 22. The first heat spreader 202 and the second heat spreader 208 are preferably formed as
separate parts, but may be formed as one integral part.
30 The first fan 204 and the second fan 210 force air across the first heat sink 200 and the
second heat sink 206, respectively, to draw heat away from the first heat sink 200 and the second
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respectively. The first fan 204 and the second fan 211001:{::; rgécéi)v:e RRSAS (g% e
. power via the PCB 114, the
commector 112, or the conductor 116. The first fan 204 and the second fan 210 may be aligned '
5 and/or secured to the connector 112, the PCB 114 and/or the conductor 116. The first fan 204
and the second fan 210 are preferably formed as separate parts, but may be formed as one integral
part’f
" The first heat spreader 202, the first heat sink 200 and the first fan 204 are preferabiy
located in a stacked arrangement over the top 68 of the IC 22 to draw heat away from the IC 22.

10 Similarly, the second heat spreader 208, the second heat sink 206 and the second fan 210 are
preferably located in a stacked arrangement under the bottom 70 of the IC 22 to draw heat away
from the IC 22. |

The second heat spreader 208 may also provide the IC to PCB signal and/or power
interface 132, as described above. In this case, the IC to PCB signal and/or power interface 132

15 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
and/ox power interface function and the heat conduit function.

"The second heat spreader 208 conducts heat to the PCB 114 or through the PCB 114

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

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

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

which represents a path for EMI emissions, as describe above. The EMI emission control system
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5 20 may be rigid or flexible. The EMI emission control system 20 may have any suitable form,
shape and size. Preferably, the EMI emission control system 20 is carried by the connector 112,
which provides a suitable alignment and/or attachment mechanism. In this case, the EMI
emission control system 20 may be located on the inside surface of, embedded within, or on the
outside surface of the connector 112. The EMI emission control system 20 and the connector 112

10 are preferably formed as separate parts that are mechanically aligned and secured together using
insert molding, over molding, press fit, snaps, clips, adhesive, and the like, and, altemnatively,
may be integrally formed as a single part. |

The EMI emission control system 20 may be coupled to the first heat spreader 202 and/or
the first heat sink 200 via EMI junctions 212 and 214, respectively. Likewise, the EMI e;pission

15 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
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

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

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

30 emissions radiated towards the IC 22 to be properly grounded rather than interfering with the IC
22.
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5 formed as a low temperature co-fired ceramic (“LTCC”) package, as is well known in the art.

With the LTCC package, the semiconductor substrate 60 and the bottom side of the
semlconductor package 62, as shown in FIG. 4C, are integrally formed as a single piece.
The semiconductor substrate 60 carries signal lead frames 220, power lead frames 222,
and the semiconductor die 58. The signal lead frames 220 and the power lead frames 222 each
10 extend from the inside of the semiconductor package 62 to the outside of the semiconductor
package 62. The signal lead frames 220 each have a signal pad 226, located inside the
semiconductor package 62 and disposed on the top of semiconductor substrate 60, and a signal
contact 90, located outside the semiconductor package 62 and disposed on the bottom of
semiconductor package 62, as shown in FIGS. 5, 9B and 11. Note that the signal contacts 90 are
15 flush with the semiconductor package 62, as described with reference to FIG. 8B. Preferably, the
sighal contacts 90 form one side of the conductive plates adapted for use with the capacitive type
of s1gna1 conmection, as shown in table 84 of FIGS. 7A and 7B.
- 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
20 contact 92, located outside the semiconductor package 62 and disposed on the side(s) 72 and 74
of semiconductor package 62, as shown in FIGS. 5, 9C and 11. Preferably, the power contacts 92
are located on the side 72 of the IC 22. Alternatively, the power contacts 92 are located on the
side 74 of the IC 22. Note that the power contacts 92 are raised and outside the semiconductor
package 62, as described with reference to FIG. 8A.
25 The semiconductor die 58 is mounted on the semiconductor substrate 60 in an upright
orientation, wherein the top 232 of the semiconductor die 58, having power and/or signal pads
(not shown), faces away from the semiconductor substrate 60.
Signal wire bonds 230 connect appropriate signal pads on the top 232 of the
semiconductor die 58 to corresponding signal pads 226 disposed on the top of semiconductor

30 substrate 60. Similarly, power wire bonds 234 connect appropriate power pads on the top 232 of
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the semiconductor die 58 to corresponding power pads 228 disposed on the top of semiconductor
substrate 60.

The IC to PCB signal and/or power interface 132 is disposed on the bottom 70 of the IC
22. Preferably, the interface 132 forms a dielectric material having an appropriate dielectric
constant, as described above. Preferably, the interface 132 is formed as a separate part and then
attached to the bottom 70 of the IC 22.

FIG. 22 illustrates a cross-sectional view of the IC 22, formed as a Level Two
semiconductor package 62 with a flipped semiconductor die 58, having a capacitive type of
signal interface on the bottom of the IC 22 and power contacts 92 on the sides 72 and 74 of the IC
22, as shown in FIGS. 4C, 5, 8A, 8B, 9A, 9B, 9C and 11. The IC 22 in FIG. 22 is the same as
that described for the IC 22 in FIG. 21 except that the semiconductor die 58 is placed up side
down, otherwise known as a “flip chip” orientation, on the semiconductor substrate 60, as is well
Iknown in the art of semiconductor design. The flip chip orientation requires that the signals and
power be routed to the signal contacts 90 and the power contacts 92, respectively, in different
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
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
manufacturing.

A second power lead frame 236 has a first power pad 238 and a second power pad 240
electrically coupled to opposite ends of the second power lead frame 236. The first power pad
238 and the second power pad 240 are each located inside the semiconductor package 62 and
disposed on the top of semiconductor substrate 60. The first power pad 238 is located outside of
and uncovered by the semiconductor die 58 and the second power pad 240 is located under the
semiconductor die 58. Preferably, the power wire bond 234 connects the first power pad 238 to

the corresponding power pad 228. Alternatively, the first power pad 238 may be integrally
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connector 112, formed as a socket, and supporting a heat sink 200, as shown in FIGS. 4C, 5, 84,

5 8B, 104, 10B, 10C, 11, 12B and 20. The IC 22 in FIG. 23 is the same as that described for the
1C 22 in FIG. 21. Additional elements shown in FIG. 23 include the connector 112, formed as a
socket, and the heat sink 200.

" TheIC 22 is carried by a connector 112 formed as a socket, as shown in FIG. 12B. The
IC to PCB signal and/or power interface 132 is represented by the curved lines extending from

10-- the power contacts 90 across the bottom side of the connector 112. In FIG. 23, the interface 132
capacitively couples only the signals between the IC 22 and the PCB 114 because the power is
delivered to the sides 72 or 74 of the IC 22. Preferably, the interface 132 is carried with the
bottom of the connector 112, either as a separate piece part or as an integral part of the connector
112:"

15 " 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
1C 22 via the power connection 24, formed as a conductor 116. Alternatively, power is delivered
to the power contacts 92 located on the side 74 of the IC 22 via the power connection 24, formed
asa PCB trace 116 on the PCB and formed as a conductor 116 carried by the connector 116. The

20 connector 112 is electrically coupled to the power contacts 92 via corresponding power contacts
242 carried by the connector 112. The power contacts 92 carried by the connector 112 are made
of a suitable conductive material, such as metal, and physically touch and make electrical contact
with the power contacts 92 on the IC 22.

The heat sink 200 is disposed on top 68 of and makes direct contact with the top 68 of the

25 IC 22. The heat sink 200 draws heat away from the IC 22. The heat sink 200 is aligned and/or
secured in its location, as describe with reference to FIG. 20 above.

FIG. 24 illustrates a cross-sectional view of the IC 22, formed as a Level Two
semiconductor package 62 with an upright semiconductor die 58, having a capacitive type of
signal interface on the bottom 70 of the IC 22 and power contacts 92 on the top 68 of the

30 integrated circuit, as shown in FIGS. 4C, 5, 8A, 8B, 94, 9B, 9C and 11. TheIC 22 in FIG. 24 is
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The power pad 228 is located inside the semiconductor package 62 and is disposed on the top of

conductor {Jéc age 6
semiconductor substrate 60. The power contact 92 is located outside the semiconductor package
62 and disposed on the top 68 of semiconductor package 62, as shown in FIGS. 5, 9A or 104,
and 11. Note that the power contacts 92 are flush with the semiconductor package 62, as
10 described with reference to FIG. 8B. The power wire bond 234 connects appropriate the power
pad on the top 232 of the semiconductor die 58 to the corresponding power pad 228.
FIG. 25 illustrates a cross-sectional view of the IC 22, formed as a Level Two
semiconductor package 62 with a flipped semiconductor die 58, having a capacitive type of
signal interface on the bottom 70 of the IC 22 and power contacts 92 on the top 68 of the IC 22,
15 as shown in FIGS. 4C, 5, 8A, 8B, 94, 9B, 9Cand 11. TheIC22inFIG.25isa combinat:ion 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
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

20 die 58 along with the signal pads 226 and are connected to corresponding power pads (not
shown) on the bottom 232 of the semiconductor die 58 in a conventional manner.

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

25 shown in FIGS. 4B, 5, 8A, 8B, 104, 10B, 10C, 11 and 20. The IC 22 in FIG. 26 is similar to that
described for the IC 22 in FIGS. 22 and 25, except for the type of semiconductor package 62
employed. InFIG. 26, the semiconductor die 58 is mounted on the semiconductor substrate 60 in
the flip chip orientation, as described with reference to FIGS. 22 and 25.

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

30 encapsulates the semiconductor die 58, as first described with reference to FIG. 21. However,
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242 is applied to the perimeter of the semiconductor die 58 and is permitted to run down the sides

of the semiconductor die 58 and make contact with the semiconductor substrate 60.

Alfernatively, the encapsulating material 242 may also be applied to the top and sides of the

semiconductor die 58. In this alteative case, the application of the encapsulating material 242
10 completely encapsulates the semiconductor die 58 against the semiconductor substrate 60.

The heat spreader 202 is placed in direct contact with the top surface of the
semiconductor die 58. The heat spreader is preferably formed as a thermally conductive material,
such as metal. Preferably, the heat spreader 202 is held in place by the encapsulating material
242 disposed at the perimeter of the semiconductor die 58 by the encapsulating material 242

15 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
sefniconductor die 58 against the semiconductor substrate 60. Alternatively, the heat spreader
202 may be aligned and/or attached to the semiconductor substrate 60. Alternatively, the heat

20 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
the top of the heat spreader 202 and the top of the semiconductor substrate 60.

25 FIG. 27 illustrates a cross-secﬁonal view of the IC 22, as shown in FIG. 26, carried by a
comnector 112, formed as a socket, and supporting decoupling capacitance 42 and a heat sink
200, as further shown in FIGS. 12B and 19. The IC 22 and semiconductor package 62 in FIG. 27
is the same as that described for the IC 22 and semiconductor package 62 in FIG. 26. Additional
elements shown in FIG. 27 include the connector 112, formed as a socket, and the heat sink 200,

30 and the decoupling capacitance 42.
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opposite sides of the decoupling capacitance 42, permit power from the power connection 24 to
be electrically coupled to the decoupling capacitance 42. The power supply 34 delivers power to
the first power connector 256 via the voltage regulator module 38. The second power connector
258 may also receive power from the power supply 34 via the voltage regulator module 38 or
provide power to a remote circuit 52.

The first power connector 256 includes a first power terminal 255 and a second power
terminal 257. The second power connector 258 includes a first power terminal 251 and a second
power terminal 253. Preferably, the first power terminal 255 of the first power connector 256
and the first power terminal 251 of the second power connection 258 are integrally forme;l with
the second conductive plate 246 as a single unit, such as by metal stamping, blanking or forming,
but may be formed as separate piece parts that are electrically coupled to the second conductive
plate 246, such as by soldering, welding, and the like. Likewise, the second power terminal 257
of the first power connector 256 and the second power terminal 253 of the second power
connection 258 are integrally formed withthe 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
known in the art and as are referred to above with reference to FIG. 1. The power line 254 carries
a predetermined voltage potential and the ground line 252 carries a ground potential. The power
line 254 routes power to the decoupling capacitance 42 and the ground line 252 provides a return
path for the ground potential from the decoupling capacitance 42. The power line 254 is
electrically coupled to the first power terminal 255 of the first power connector 256 and is
electrically coupled to the first power terminal 251 of the second power connection 258. The
ground line 252 is electrically coupled to the second power terminal 257 of the first power

connector 256 and is electrically coupled to the second power terminal 253 of the second power
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5 metal stamping, blanking or forming, but may also be formed as a separate piece part and then
eleéuically coupled to the first conductive plate 244, such as by solder, welding, and the like.
The power members 250 electrically contact the power contacts 92, corresponding to the véltage
poténtia.l, on the IC 22 preferably on the top of the semiconductor substrate 60 for the level two
semiconductor package 62, as shown in FIG. 27.

10 The second conductive plate 246 of the decoupling capacitance 42 includes one or more
ground members 248 that is preferably formed with the second conductive plate 246, such as by
metal stamping, blanking or forming, but may also be formed as a separate piece part and then
electrically coupled to the second conductive plate 246, such as by solder, welding, and the like.
The ground members 248 electrically contact the ground contacts 92, corresponding to the

15 grouﬁd potential, on the IC 22 prefcrabiy 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
coﬁlpliant 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

20 spring members, have legs that are angled away from the semiconductor die 58 and feet that are

turned upwards away from the semiconductor substrate 60. Alternatively, the power members

250 and the ground members 2438, formed as compliant spring members, may have arms that are

curled inward in a semi-circular or semi-elliptical fashion with hands curled inward towards the

center of the circle or ellipse. The upturned feet or the inward curled hands permit a solder-less

25 connection for easy and convenient assembly. The compliant spring membérs advantageously
reduce the compression forces on the IC 22 along the Z-axis.

The heat sink 200 is disposed on top 68 of the IC 22. More particularly, the heat sink 200
is disposed on top 68 of the decoupling capacitance 42. The heat spreader 202 dissipates the non-
uniform heat density on the semiconductor die 58. The heat sink 200 conducts heat away from

30 the semiconductor die 58 via the heat spreader 202 and/or the decoupling capacitance 42.
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(10% rRe hoat 36rferhtsd @ khe IC 22 conducts to the heat sink 200 via the heat spreader 202, some heat

5 also conducts to the heat sink 200 via the decoupling capacitance 42. Alternatively, the hole in
the decoupling capacitance 42 may be eliminated to permit the heat sink 200 to conduct all of the
heat through the decoupling capacitance 42. Still alternatively, the heat sink 200 may have one or
more regions that directly contact the heat spreader 202 around at least a portion of the perimeter
of the decoupling capacitance 42.

10 FIG. 28 illustrates a side perspective assembly view of the system 10 for the IC 22
formed as a Level Two semiconductor package 62, carried in a connector 112, formed as a two
piece cover and as a socket, and supporting decoupling capacitance 42 and a heat sink 200, as |
shown in FIGS. 4C, 5, 8A, 8B, 9A, 9B, 9C, 11, 124, 12B, 19 and 20. The connector 112 carries
the IC 22 (not shown in FIG. 28), formed as the level-two semiconductor package 62, the

15 decoupling capacitance 42, and the IC to PCB signal and/or power interface 132 (not shown in
FIG. 28). The connector 112 is disposed on the PCB 114. The heat sink 200 is disposed on the
comnector 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

20 connector 258, analogous to those shown in FIG. 27. The first power connector 256 is preferably
shown as an edge card connector. The second power connector 258 is preferably shown as a pin
connector. The system 10 includes one or more holes 260, preferably located at the four corner
of the system 10. The holes 260 preferably extend through the connector 112 and the decoupling
capacitance 42 to mechanically align and secure the system 10.

25 FIG. 29 is an exploded view of the assembly view of the system 10, as shown in FIG. 27
and it includes, as shown from top to bottom , the heat sink 200, the first power connector 256,
the second power connector 258, a top portion 262 of the connector 112, the first qonductive
plate 244, the second conductive plate 246, a center portion 264 of the connector 112, a signal
contact plate 268, the IC 22, the PCB 64, a bottom portion 266 of the connector 112 and the PCB

30 114.
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260 at the four corners thereof.
The first conductive plate 244, carrying the voltage potential, includes the second power
terminal 253 of the second power connection 258, the second power terminal 257 of the first
power cotmector 256, and a plurality of power contacts 250. The power members 250 extend
10 from each of the four sides of the first conductive plate 244. The second power terminal 253 of
the second power connection 258 and the second power terminal 257 of the first power connector
256 are bent upwards. The power members 250 are bent downwards. The first conductive plate
244 also has four holes 260 at the four corners thereof.
The second conductive plate 246, carrying the ground potential, includes the first power
15 termiinal 255 of the first power connector 256, the first power terminal 251 of the second power
connection 258, and the ground members 248. The ground contacts 248 extend from each of the
four‘sides of the second conductive plate 246. The first power terminal 255 of the first power
connector 256 and the first power terminal 251 of the second power connection 258 are bent
upwards. The ground members 248 are bent downwards. The second conductive plate 246 also
20 has four holes 260 at the four corners thereof.
Preferably, the first power terminals 255, carried with the second conductive plate 246, of
the first power connector 256 and the second power terminals 257, catried with the first
conductive plate 244, of the first power connector 256 are alternately arranged adjacent to each
other at a predetermined pitch in the first power connector 256, but, alternatively, may have any
25 arrangement. Preferably, the first power terminals 251, carried with the second conductive plate
246, of the second power connection 258 and the second power terminals 253, carried with the
first conductive plate 244, of the second power connector 258 are alternately arranged adjacent to
each other in the second power connector 258, but, alternatively, may have any arrangement.
Preferably, the powef contacts 250, carried with the second conductive plate 246, and the ground

30 contacts 248, carried with the second conductive plate 246, are alternately arranged adjacent to

each other, but, alternatively, may have any arrangement.
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connector 112 mechanically align and mate with each other to provide connector housings for

5 their respective terminals. The connector housings are adapted to receive the first power
connector 256 and the second power connector 258. The center portion 264 of the connector 112
and the top portion 262 of the connector 112 mechanically align and mate with each other to
provide a housing, otherwise described as a cover as shown in FIG. 124, for the decoupling
capacitance 42. The center portion 264 of the connector 112 also has four holes 260 at the four

10 corners thereof.

The signal contact plate 268 aligns and secures the first power terminals 251, carried with
the second conductive plate 246, of the second power connection 258 and the second power |
terminals 253, carried with the first conductive plate 244, of the second power connector 258.
The IC 22 is mounted to the circuit board 64, otherwise known as an interposer board, forming a

15 Level Three IC 22 as shown in FIG. 4D, as is well known in the art of IC manufacturing. ..

The bottom portion 266 of the connector 112, forming a socket as shown in FIG. lé.B or
forming a frame as shown in FIG. 12C, carries the IC to PCB signal and/or power interface 132.
The bottom portion 266 of the connector 112 is adapted to mechanically align and secure the
PCB 64 to the interface 132 to permit the signal contacts 90 (not shown) on the bottom of the

20 PCB 64 to align with corresponding signal contacts preferably on the interface 132 and
alternatively on the PCB 114. The bottom portion 266 of the connector 112 also has four holes
| 260 at the four corners thereof.

The holes 260 in the four corners in each of the top portion 262 of the connector 112, the
first conductive plate 244, the second conductive plate 246, the center portion 264 of the

25 connector 112, and the bottom portion 266 of the connector 112 are aligned with each other along
four common axes at each corner.

A fastener extends through the five holes aligned on a common axis at each of the four
corners to mechanically secure the connector 112 together as an assembly of the system 10 as
shown in FIG. 28. Alternatively, four holes, aligned with the four holes in the assembly of the

30 system 10, may extend through the PCB 114 to attach the system 10 to the PCB 114. The

fasteners may be of any type including, without limitation, screws, heat stakes, pins, pegs, clips,
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112 that mechanically engage mating features on at least one other portion of the connector 112.

5 In this alternative, the fasteners, formed as snaps or clips, preferably create an assembly of the
system that can be easily assembled and disassembled to permit repair or reuse, but, alternatively,
may create an assembly of the system 10 that is permanently assembled in the sense that it cannot
be disassembled without damaging the assembly of the system 10.

The circuit board 114 carries the connector 112 and the heat sink 200. The circuit board

10 114 is typically referred to as the motherboard because is also carries many of the circuits that the

IC 22 interfaces with. The board 114 includes multiple conductive contacts (not shown) that

correspond to the conductive contacts 90 on the IC 22 or on the interface 132. The PCB also

includes multiple PCB traces 118 (not shown in FIG. 29) that electrically couple the conductive

contacts (not shown) on the PCB to the various other circuits interfacing with the IC 22.

15 .- Note that FIG. 29 does not show a hole in the center region of the first conductive plate
744 and the second conductive plate 246 of the decoupling capacitance 42, as shown in FIG. 27.
Further, note that FIG. 29 does not show a heat spreader 202, as shown in FIG. 27. The absence
of these two elements in FIG. 29 illustrates the alternative described with reference to F1G. 27,
wherein the decoupling capacitance 42 in FIG. 29 performs the function of the heat spreader 202

20 in FIG. 27 and the heat sink 200 directly contacts the top of the decoupling capacitance 42. This
alternative is further described with reference to FIGS. 30 and 31.

FIG. 30 illustrates a cross-sectional view of the assembly of the system 10, as shown in
FIGS. 28 and 29. The PCB 114 carries the connector 112. The interface 132 provides a signal
interface between the PCB 64 and the PCB 144, as described above. The PCB 64 carries the IC

25 22. The decoupling capacitance 42 is disposed over the IC 22. The decoupling capacitance 42
has characteristics of a heat spreader and directly contacts the top of the IC 22 to spread the heat
of the IC 22 throughout the structure of the decoupling capacitance 42. The power members 248
and the ground members 250, forming extended legs and upturned feet as described with
reference to FIG. 27, contact corresponding power contacts 92 (not shown) and ground contacts

30 92 (not shown) on the top of the PCB 64. The heat sink 200 is carried on the top of the
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Y( 10%&dom R pid. 28l The %660 rthe system 10 in FIG 30 is the same as the assembly of the

5 system 10 in FIG. 31, except that the power contacts 92 are disposed on the sides (72 and 74) of
the IC 22, that the power members 248 and the ground members 250 are shown as inwardly
curled arms and hands, and that the signal interface 132 forms a dielectric material to capacitively
couple signals between the IC 22 and the PCB 114.

The PCB 114 carries the connector 112. The interface 132 provides a capacitive signal

10 interface between the IC 22 and the PCB 144. Note that the PCB 64 is not present in FIG. 31. In
this case, the IC 22 has one set of the signal contacts 90 (not shown), forming one side of the
individual capacitors, and the PCB 114 has the other set of the corresponding signal contacts (not
shown), forming the other side of the individual capacitors. The interface 132 provides the
dielectric material, having the appropriate dielectric constant, between the corresponding signal .

15 contacts on the IC 22 and the PCB 114 to permit capacitive signal coupling between the IC 22

| and the PCB 114. |
‘The decoupling capacitance 42 is disposed over the IC 22. The power members 248 and
the ground members 250, forming inwardly curled arms and hands, contact corresponding power
contacts 92 and ground contacts 92 on the sides 72 and 74 of the IC 22, as well as the back side

20 (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
sense that it may serve as either a socket with a recess to receive the IC therein, or as a cover that
may fit over the IC. This type of construction is suitable for use with a Level Two type of

25 semiconductor package of the type illustrated in FIGS. 4C, 5, 84, 8B, 94, 9B, 9C, 11, 12A and
12B. In this construction, the connector includes an external means for connecting to a source of
power, illustrated as a pair of edge circuit cards, or boards 256, 258 which may serve as
respective first and second power connectors. This construction is suitable for use where power
may be supplied to the IC package from the sides of the package. The connector 112 carries the

30 decoupling capacitance 42, preferably in the form of plate capacitors that include distinct power

contacts 248 and ground contacts 250. The connector 112 has a recess, or cavity, that is formed
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inside the recess at the perimeter of the connector 112. The recess has an appropriate shape and
depth adapted to receive the IC 22 to permit the power contacts 248 and ground contacts 250 to
align with and contact corresponding power and or ground contacts 92 on the IC 22 in the manner

5 generally shown in FIG. 34.

The connector 112 may also be considered a cover, as shown schematically in FIG. 12A,
that fits over the top of the IC 22 as shown in FIG. 31. In this instance, the decoupling
capacitance 42 is disposed over the top 68 of the IC 22 and the power and contacts members 248,
250 contact corresponding contacts 92 disposed on each side of the IC 22. Alternatively, the

10 connector 112 may also be considered a socket, as shown in FIG. 12B. In this case, the connector
112 is shown upright to reveal the features on the inside of the socket. As a socket, IC 22 fits
into the connector 112 as shown in FIG. 23. The decoupling capacitance 42 is disposed under the
bottom 70 of the IC 22 and the iJower and ground contacts 248, 250 make contact corresponding
power contacts 92 disposed on each side of the IC 22. In this case, the signals would be

15 transferred through the top 68 of the IC 22 viaa signal conductor because the decoupling
capacitance 42 blocks signals from being transferred through the bottom of the connector 112.
The first power connector 256 and the second power connector 258, shown as edge card
connectors, connect the voltage potential and ground potential to the decoupling capacitance 42.

| FIG. 33 illustrates an alternate connector 112 that is formed as a cover suitable for use

20 with a Level Two semiconductor package 62, as shown in FIGS. 4C, 5, 8A, 8B, 94, 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
style. In this embodiment, an external means for connecting to a source of power is provided in
the form of two pin headers 256, 258, each of which include conductive pins 255, 257 that extend

25 outwardly from the cover, or upwardly in FIG. 33. This type of construction permits the power to
be conveyed to the package from the top. Multiple conductive capacitor plates are forrhed in the
connector.

FIG. 34 illustrates another embodiment of the present invention wherein the power
delivery system is incorporated within a cover member (not shown) that fits over the IC22. In

30 this embodiment, the power delivery system includes at least a pair of conductive plates 244, 246

that are similarly sized and which are aligned with each other in the vertical (Z-axis) direction. ..
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5 mentioned above, the power delivery system includes a plurality of contacts, 248, 250 which may

1
|
!
|
1
!
9
1
1

include interlaced power and ground (power return) contacts that extend outwardly from the
plates 244, 246 and down along the sides of the IC package, preferably in the cantilevered or
bellows fashion illustrated, where they engage contacts 303 formed in the IC. The two plates
264, 266 and portions of the contacts 248, 250 are typically encapsulated or otherwise molded
10 ©  within an exterior insulative material, such as a plastic.
These contacts 248, 250 are formed in each of the two plates 244, 246 and they contact
the IC package. This embodiment is suitable for use in combination with a heat sink (not shown)l
and as such, it may be provided with an opening 305 that extends through both plates 244, 246
and the intervening dielectric layer 300 and the lower insulation layer 302. A portion of the heat
15 sink may extend through this opening 305 into contact with a heat generating surface of the IC
292. Tn some constructions, a thermal conducting member may be used to fit in the opening and
extend between the IC heat generating surface.and the heat sink. |
FIG. 35 is a sectional view of FIG. 34, but with the lower insulating layer 302 not shown
for clarity, and illustrates the relationship between the IC 22, its package 114 and the power
20 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,
250 are positioned around the perimeter as illustrated and this arrangement reduces the amount of
force required for insertion and removal in that the contacts engage the IC along a horizontal line
25 of action, rather than a vertical line of action.
FIGS. 36 and 37 illustrate another embodiment of the present invention that incorporates
a power delivery supply that is capable of supplying multiple and distinct voltages to the IC at
various locations on the IC body. This is accomplished by incorporating multiple, distinct
capacitors in the cover member which are formed as individual lower conductive plates 310-313.
30 Each of these plates is spaced apart from each other as illustrated best in FIG. 37 by intervening

spaces 315, and each such plate includes, as illustrated, individual contact members 316
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intervening dielectric layer 300 so that the lower plates 310- 313 of tEe Systerlx are separa{eh from

5 the upper plate 244 in the vertical direction by the intervening dielectric layer 300 and are
separated from each other in the X and Y directions by either air or an intervening dielectric in
the spaces 315. Itis also contemplated that each such lower plate 3 10-313 may have a
corresponding, separate top plate associated therewith so that the connector will support four sets
of pairs of capacitive plates in the embodiment of FIG. 32.
10 FIG. 36 illustrates the set of multiple plates (and the upper plate 244 and intervening
dielectric 300) embedded or encapsulated within a housing or cover portion 112 that is also
preferably formed from either 2 dielectric or electrically insulative material. In this type of
structure, the material that forms the cover portion 112 will fill the intervening spaces 315
between the lower capacitor plates 310-313. The plate contacts 316 that extend therefrom may
15 | also be partially embedded with in the cover portion 112 or may be disposed within a series of
slots 316 formed therein so as to not unduly limit the spring action of the contacts. FIG.381is a,
sectional view of the power delivery structure of FIG.37 (as well as a portion of FIG. 34) prior to
its embedding within a cover portion 112. With this structure it is possible to deliver different
vditages to different parts of the IC, such as 0.5V, 1.0V, -2.0V and so on. '
20 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
plates extend downwardly therefrom at approximate right angles thereto, but the contacts 248,
250 have different contact locations in the vertical directions. As illustrated, the contacts 248 of
25 the lower plate 246 have a first length and the contacts 250 of the upper plate 244 have a second
Jength, with both lengths being equal as shown, however, the contact arms of the contacts 248,
250 are arranged at different elevations. This staggered arrangement assist in the reduction of
forces required for insertion and removal of the cover portion 112 upon the IC or its package in
that the number of contacts that engage the IC/package are halved at the first contact. This
30 arrangement further permits the implementation of a first mate, last break aspect to the power

delivery structure to reduce the likelihood of shorting and arcing occurring during connection.
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5 together, preferably at their sides as illustrated, by interconnecting members 320. These poinits of

interconnection are isolated and separated from the middle, or interior capacitor plate 321 by a
spacing, or clearance 322. Sets of three contacts 248, 250, 325 are arranged around the perimeter
of the power delivery system for contacting corresponding contacts on the IC or its package. The
power delivery system in this form and the previous forms may be considered in one aspect as a
10 module due to its structure which may be inserted into cover and socket members alike. This
Figure illustrates the exemplary construction of the contacts 248, 250 and 325 which have
elongated, cantilevered or bellows arm portions 360 that that are bent downwardly and slightly |
inwardly and which terminate in free end portions 361 that define inner contact arm portions 362
of the contacts. Each such contact arm portion preferably has an inwardly angled contact surface
15 363 that is used to effect the contact with the side of the IC/package. y
The use of two outer capacitor plates in this embodiment flanking the inner capacitor
plate has the effect of increasing the total capacitance of the decoupling capacitance because of
the increased surface area of the top and bottom plates. In other words, with this embodiment, it
is possible to increase the capacitance (and current supplied tot he IC) in the same horizontal
20 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 arrangec
in either a Power—Grognd-Power or a Ground-Power-Ground order.
FIG. 41 illustrates a power delivery system incorporated within a cover portion 112 that
25 fits over an IC 22 and the cover portion 112 has been rendered transparent for clarity to show
how it engages the IC/package around its perimeter.
FIG. 43 illustrates the exterior of an assembled IC package with the power delivery
structure incorporated therein, wherein the decoupling capacitance 42 is held over the IC by
means of a cover member 262. The assembly has a plurality of mounting holes formed in the
30 body portion thereof for mounting the assembly to a circuit board and further has means 256,258

for mating with external power leads to supply power to the decoupling capacitance 42,
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decoupling capacitance 42 includes a plurality of discrete capacitors 403 each of which may
deliver the same voltage or different voltages to appropriate contacts disposed on the IC 132 (not
shown). A cover plate 404 encloses and seals the 1C within the socket connector 112. the
10 capacitors 403 receive their power from a power supply 405 mounted to the circuit board 406 by
‘ way of traces. (FIG. 45.) The incorporation of these discrete capacitors into the socket connector
frees up space surrounding the IC 132 on the circuit board 406.
The capacitors 403 are received within openings 410, such as slots, or openings, that are
disposed in the body portions on the socket connector sidewalls 401. The capacitors may include
15 conventional capacitors as shown in FIGS. 44-48, which utilize conductive wire leads 411 for
connection purposes or chip-type capacitors 505. In order to accommodate these leads 411, the
body portion sidewalls 401 may further includes paséages 412 formed therein which receive the
leads so -as to maintain a low profile and low space aspect of the socket connector. (FIG. 48.)
The body portion sidewalls 401 may have a height so as to form a slight recess that will
20 accommodate a heat transfer member, such as a heat sink 200. This type of connector may be
fastened to the circuit board with fasteners 415. (FIG. 50.) The capacitor-receiving openings
' 410 are preferably spaced apart from each other around the perimeter of the receptacle as
illustrated, or they may be spaced in different spacings that correspond to location(s) of different
power contacts or terminals on the IC.
25 FIGS. 51-54 illustrate another embodiment of a power delivery system 5 00 constructed in
accordance with the principles of the present invention wherein the connector 112 is in the form
of a socket 501 which has a plurality of discrete openings 502 formed in the sidewalls 504
thereof, each of which receives a decoupling capacitance 42 in the form of a chip capacitor 505.
A different terminal, or lead, structure may be used with this embodiment and the leads 506 of
30 which are shown as wire-formed leads having a general U-shaped conﬂguratién which terminate

at one end in a loop end 507 and at the opposite end 508 in free tails 509 that may be soldered to
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“power” terminals” which are arranged in a pattern, or array that encompasses a plurality of
second, preferably non-power terminals 550 arranged within the interior of the connector
receptacle and which serve to connect aspects of the IC to an underlying circuit board. These
10 non-power terminals 550 may includes LGA, PGA, BGA, spring contacts and the like.
An inner carrier frame 510 may be provided as part of the package and this inner frame
510 sits within the socket connector sidewalls to form a support for the IC. In order to |
accommodate the lop ends of the wire leads 506, the frame 5 10 may be provided as illustrated
with recesses 515 that enclose the loop ends 507 and which permit them to deflect under the
15 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.
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
20 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
sidewalls 401. In this instance, the leads are connected to terminals and the sidewalls 401
surrounding the capacitor-receiving openings 410 may have excess material added to them or
25 may be configured in such a manner so as to facilitate the heat-staking of the capacitors 403 and
their leads in order to hold them in place within the connector body portion. Alternatively, the
discrete capacitors 403 may be completely encapsulated within the sidewalls 401 by sealing the
openings 410 with additional materials, as at 440, or by molding the capacitors and leads in place

within the connector body portion.

30

78



10/ 10/ ; B<E=<>>?, @X9H=0 10' MLO% & ()-"S 10% & () - 3! &10% ¢’ c& ()-!
10% " & ()-3!1&10% & ()-! &L0%H#& () -, @ @\sAA7BBaBMH=0

104F10% & () -y93@0% & ()-'& 1940% & ()-gF.:10% & ()- *S

10% & ()-S) 10% &1() - BB<C?C@ACBCNCC_ @ 10Y1098&: ()- ! s#1dbbddl i 4 100 10°
10", :10% & ()- @@ 10% & ()-610% &. () - CCCDEUEFa?_@

10! " 98" 109! () - GLOYBE: () - 9F" 1096& () - ! f #10965& () - &@O%B& () L 1096 ()-
FF>GGHH} ~?_Tdstly) FIGS: S0aut {7) are 0ogarsidy perspesays igws of the cover member used in the

1" 9f ) &109& ()-! " 9$g#109B5&' (). !.109B& () - Normal & " i c* 4 Headi ng

23] c"  Systenes WysEap m%iﬁi %‘cﬁéfl‘ésm%égmaﬁﬁmg% gant%g%{#g% gtg%] 8ﬁthlé|eHeadi ng
73] c" " Headi . i " A oh

e 16%93&‘%3%%%%}2% 24B6AHR heddfterAup it aishibeRAaa9260 N

. " - 087CMXc N8 BlsSeohiidatis Ghckiba) hnd thi SiguiisAliistialiRRanpdetirdscind jcharpeteristiqs-of TFv |

5=f {>aT658( AH "t u#*50386==7FCGal _KNPSDZ\ " +df | prtv] y* zWXt VIR2#/8eXsns’
$&+(?{58 fhe pref(erred embodiments of the presefif invention. Any f ature]o¥ cﬁ;grlactens’nc lé%scn ed'in

B e R B T AR S ek st
<:>?@§@E§?§%§Me%-ﬁw\éz Ak Bf halagetefigtion ok BRERS ooy othey Dh{toF 6 mes

New RomanAr urier New'h Root EntryWrdDocunent i )
| " #$9YR'sqnd ot diffeden? TgSR7 For example, although the above description has been written in terms

<7 GECOERCH JKLWNCEGRSTUWNEYZL UL A AU oL TIRR S, WAPRAbl

0,2 PRE SOV Zdidol platisesies @Bid fot BPBGE etsmiatt .} ~

0 SRR et onmonsl) -

<=>? @\BCDEF Ghil&tioEaRET eibdiz{ent of the brtefion hive bean plpva anddeporped. it will
be apparent to those skilled in the art that changes and modifications may be made therein
without departing from the spirit of the invention, the scope of which is defined by the appended

claims.

79



10

15

25

01 JUN 2004

Claims:

A socket for an integrateci circuit (132) , comprising:

a socket housing (112) for holding the integrated circuit (132) in placeona
circuit board (114), the socket housing (112) having an electrically insulativze body
poition with a receptacle (402) disposed therein for receiving said integrateid circuit
(132) therein, said socket housing (112) further including a plurality of wall members

- (401) that cooperatively define said receptacle (402) in said socket housing (112) ;

"a power reservoir integrated with said socket housing (112) for supplying
electrical power to said integrated circuit (132) when said integrated circuit k132) isin
place within said receptacle (402), the power supply reservoir inctuding a plurality of
discrete capacitors (403) supported within said socket housing (112); and, .

a plurality of first conductive terminals (506) supported by said socket housing
(112) for contacting said integrated circuit (132) and conveying power ﬁom'said
power reservoir to said integrated circuit (132) thereto, the first terminals (506)
having contact portions (507) arranged at first ends thereof for contacting ccinductive
traces on said integratedléircuit, tail portions (508) arranged at second ends ihereof
and body portions interconnecting said terminal contact and tail portions together, the
terminal body portions extending through said socket housing wall membéré, the
terminal contact portions (507) extending into said receptacle (401) and the terminal
tail portions (508) extending out from said socket housing (112);

a plurality of second conductive terminals (550) disposed in a base of said

receptacle and spaced apart from said first terminals (506), the second terminals (550)

each including a contact portion disposed in said receptaclé for contacting an
opposing conductive lead on said integrated circuit (132) and a tail portion (508)
extending out from said base for terminating said socket to said circuit board (114),
characterized in that:

said discrete capacitors (403) electrically contact said first terminals such that
said first terminals (506) supply power to said integrated circuit (132) and said first
terminals (506) define an outer boundary of an array of terminals of said socket, said

plurality of second terminals (550) being non-power terminals disposed in said socket
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housing (112) within the terminal array outer boundary.

The socket of claim 1, wherein said discrete capacitors (403) include chip capacitors

(505).

Thie socket of claim 1, wherein said socket housing (112) includes four wall members

(401) and each of said wall members (401) includes at least one reccss.(410)l with one

discrete capacitor (403) received therein.

The socket of claim 3, wherein said discrete capacitors (403) are spaced evenly apart

from each other within said four wall members (401).

The socket of claim 1, wherein each of said first terminals (506) is formed from a
length of conductive metal and is formed into a U-shape to define two spaced-apart
electrical paths of said first terminal (506), said first terminal contact portions
including a closed loop (507) and said first terminal tail portions (508) including two

free ends (509).

The socket of claim 1, wherein said discrete capacitors (403) are formed togéther with

said socket housing wall members (401).

The socket of claim 1, wherein said non-power terminals (550) are chosen from the
group consisting essentially of pin gird array terminals, land grid array terminals and

ball grid array terminals.
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