:./ABe3e, >V, ; ~~Lhd6TV+/ " 166166" FI ELD OF THE | NVENTI ON The present
|nvent|on relates to noise suppression in integrated circuits anq 9 the
nounting of ancillary circuit conmponents nore closely to integra &e& circuit
di es. BACKGROUND OF THE | NVENTI ON As t he nunber of transist
area and tmmmmmmww ch these transistors are switched EE\ @Eww
does the e c interference (EM) and ot her noise mnth
such transiti orgowEM and rel ated noi se are generally referred to herein as
"EM." EM is often coupled to power and_ground lines (and to signal |ines)
on a die and then propagated off the die to the printed circuit assenbly or
the like. Deleterious effects of EM i nclude signal corruption and

expensive EM conpensation to co é W th FCCIEroduct requi renents, anongst
other effects. In an @N?B@BAFBDngB UL BIE, WHTHOPERECTEEuUi t boards and

printed circuit aesenil §RHefH SUEMRE A ON Wi)/0R/ dfiERapRsircer s provi ded

t hereon. These capacitors nay be coupl ed between power and ground
conductors and/or between signal and ground conductors. \Wile these
capacitors are useful to sone extent in reducing EM, the provision of
capacitors on printed circuit assenblies is - 2 disadvantageous in that
the capacitors are placed at a considerable distance fromthe on-chip
source of the EM. EM suppression at a distance is di sadvantageous for
many reasons including that (1) the additional conductor |engths act as
antennas and (2) signal reflection is exacerbated by | onger conductor

lengths. Prior art efforts tprsuppseseyEMn@gPrdpc! ude the formati on of
capacitors within sem conductive dre materrat using standard

phot ol i t hogr aphTlee f HTRRSTGn iRvemt ters reWAtrs tifesBOtapasppressdre
demonstrat ed e @%% %e Of r EM SURRECSS] Phe tr@&!n@{r?g djgadyantagequs in

that they take up va uable die real estate, they do not provide sufficient
suppr essi oAl B@dl £ hesorpengrt ait mpaley @)lpéﬁéb/veto SUWNKERY: adfe dr HE LERVERT| ON
Accordingl yjc&t is an object of the present invention to inprove integrated
circuit performance by reducing EM generated by an integrated circuit die.
It is another object of the present invention to provide such EM

suppression at a |ocationghbakrbeng 8FerhP tREcRP¥pREe of EM generation. It
is anot her object of the presenmt—Ttnventtom to contarn EM on an integra

circuit di e and®$otheninven taf pkbpagastons oPprdiv@itto arra prndt &beci rcui t
assenbly. lt.is éks%héghomﬁﬁge(%r55§i§¥&ﬁ§n£rén¥§9£b88dtQnEQEQE%san EM

suppressi on nmechani smdirectl to an integrated circuit die to achi eve
reIatlveIySQnﬂ@@ﬁatéeEMlQﬂHﬂﬂmﬁgnQﬁic interference (EMI) and other

noise associated with such transitions. EMI and related
noise are generally referred to herein as “EMI.” EMI is
often coupled to power and ground lines (and to signal
lines) on a die and then propagated off the die to the
printed circuit assembly or the 1like. Deleterious
effects of EMI include signal corruption and expensive
EMI compensation to comply with FCC product requirements,
amongst other effects.

In an effort to suppress EMI, printed circuit boards
and printed circuit assemblies often have a plurality of
capacitors provided thereon. These capacitors may be
coupled between power and ground conductors and/or
between signal and ground conductors. While these
capacitors are useful to some extent in reducing EMI, the

provision of capacitors on printed circuit assemblies 1is



These and rel ated objects of the present invention are achieved by use of a
integrated circuit die with directly coupl ed noi se suppression and/ or ot her
devi ce as described herein. - 3 The attainnment of the foregoing and

r-el ated advantages and features of the invention should be nore readily
apparent to those skilled in the art, after review of the follow ng nore
detail ed description of the invention taken together with the draw ngs.

BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is an enbodi nent of an integrated
circuit die having noise suppression_and/ or other devices coupled thereto
in accordance with the present invention. Fig. 2 is a cross sectional view
of an alt griRabivue taledisTent ehaan tid eghabedteirkClrte dhEatelih JR0i g€
suppressi on and/ or other devices nounted thereto in accordance with the
present i FPBALCASHabrieg dighanae dfipn \fhey Y1~ iRi s &G H i esStaE¥hpaci t or

or other eMCYyhbpreRRIRENt hatqd stLidecis C@i@a@&ér@@béﬂ%ﬁ“ﬁgﬂr@a%
integrated circuit die in accordance with the present invention. TAl LED
DESCRI PTI ORaRepér r iRGlueling. thatan EnboditentaddiiPnad eg?R@LEeF cuit die
20 havi ng)aaiyeRsSURRE €SS ORndRQs OhRAr deyvi cagyn3d cpuphedribgreio in
accordance with the present invention is shown. Integrated circuit die 20

( her ei naf e8pceebatpddbyo leggedi sopgiuctios geagébgbly fornmed of a

sem conduct i vepRRLEr it SUERCAEs Sithl (RIpbge ANOMRET a 3451 3Rl yieM ganduct i ve
material. A plurality of transistors and other circuit conponents are
forned i nfepmaséancor@fict isaramtiearal ™ tridat eSemicondygehied cidtit. The
transi stopgapda@t hefs Gid CUide HRIMNENLRREE 1 9ROGEAbhY ! ef Rimhedd #dh as
"circuit conponents 24".” Formation of Circuit cofrponents in sem conductive
mat eri al tschBipURAewn Wik dhese gapacétass thavecideamanstnated nput and
output of 55haNRdrk@ Y fEa@Mm §uﬂbfes¥§6h9u%h@93%}riengji%%ﬁaagﬁc%c?de%d},ave been

devel oped. Theseinclude ball grid arrays, qua at packs an astic

| eaded chip &&ati ditey afipkgsturot hetuahbbeistiy peadagestateséhpicldsges are
typi cal | ypgpuntedy§in@ | awd imedance Ranslost§ond: §RRAUCEIYE balles 49) to
a printedncircdﬁﬁ)assenbly.48. Fig 1 i??hgfrapgs die 20 gldgd wthin a
represent 8¢l gbipatkagsradsiwveh wire bonds 42 connecting the contact pads 31
of the die to the contact pads 41 of the package. The contact pads of the
package are internally connected (shown by dashed line 47) to one or nore
conductive balls 49. Wil eSOMARY WOF bbidle] WIYENTUON ar e shown in the
cross-sectionah pgrgpggilve qfe Fi 1,2 rald ty, pf pppd w,res gre
preferably provfdgd aﬁgu¥ t he per?%he?? o?hﬁﬁng[é)as ?s kng%ﬁ. R top | ayer
of die 20lnhgentiedi $iai bupiroNel ajrkedrtathe caorudpt oFrEoFRINGE ribbution
layer is kogwn;hd &fie ghler ayep | gabotedisteabulianidayers, as the name
inplies, are used to distribute (or redistribute) signal traces from
circuit conponkht ss24apetbhent sl geilds o31. tipweregra tgr buyenayen altoo of t en

distri bu_tﬁpowégugnchhggggcgr@ﬁf&gﬂo% 4@Y8r 13018, op amgdicg%g?e, the

present ihvention provi I'se suppression devices 50 couple irectly to
the die, foethetsotheerefi EMIi ganevatiaper of the die. These EM
suppressi on deyjc a trl up. Lgpal; traces,\ i n the
redistributiony#aggﬁ %g?ggggeﬁﬂ%ﬁ%h?ngghéh%?e§9§§%g?séﬂ§£ed fﬁwk%?e det ai
bel ow. TheolEM isupBdiesyi oandeviteayradr ecprefiet abiy caphcte omgndfuigef fi ci ent
magni t ude; I desi _ p SSi ifd t he
capaci tor%ﬁ%é&%%@{%%ﬁy&?ﬁ F%% BYPPLESSL PR cMPL B SPECT 1L E8NL Yy .

It is also an object of the present invention to

couple an EMI suppression mechanism directly tc an
integrated circuit die to achieve relatively immediate
EMI suppression.

These and related objects of the present invention
are achieved by use of a integrated circuit die with
directly coupled noise suppression and/or other device as

described herein.



-.5 range of 0.0l pf to 0.1f, though other capacitor val ues nmay be

i npl emented. Capacitors 50 are preferably nade of ceramic or plastic,

t hough they nmay be nade of any suitable capacitive material. Ceramc
capacitors are nore thernmally stable and thus their use is likely to reduce
probl ens associated with different thermal coefficients of expansion.
Suitabl e capacitors are avail able commercially. Capacitors 50 are
preferably nmounted to the redistribution |ayer using standard surface
nounting techni ques and refl ow sol der -at t-achnent procedures, though al
types of suitable capacitor attachnment nethods are within the present
inrgntign. To reduce @@t@ﬁh&ﬁﬁs SQinnhaﬁentf&fﬁgﬁ?anpe,ahHip feLtédg,

sol der bunmp ,nounting or angther direc i p.attachnent technique is
preferablyagyPPngﬁg éﬁﬁgcf?ﬁFuﬁ??aﬁﬁaﬁhei%nﬂ?%Eh%%eﬁhPHEHDP dE=5 1 bel ow
with refereaeaile FagpagenBeptesefiigéd vesipoviid camdueher SsaBg, andffter
representative groynd .conpectors 34 are shown.in the redistributiqgn |ayer
and coupl ed®¥e¥i PLuit % RNt RY ?ﬂFeTﬂG%ﬁ&#F SEEHRE 18R dﬁﬁﬂ
conduct or siakenshenntatepl edqgle® heapadithothedHrandnas,. respectively.
Capacitor 52 is coupled between a signal line 35 and ground. Capacitor 53
is coupled between two arbitrary representative signal traces. Once a
plurality of capacitor 8REy FyrRQMEIoN 0P THE DRAWINGSt hei r appropri ate
positions, and the die,is nounted and electrically caoup] ed to .package 90,
standard fini shh@' step§ &Pe eﬁ\soé'\déf‘?&ty Opfgr"‘frbr]r%%grﬂ'ﬁ?sde qlﬁcﬂqj&a G

appl i cati oRa®ingn nabsé atdPpred ol Mefort hetBgpos@sv Etest rddidlled
conductors, capacitors and die, and placenent of a cap 96 over this
structure 586F t?nbﬂnaccoydéncﬁeWéFPiﬁ&etBrﬁﬁﬁptZ}ngenggg'sectional vi ew
of an alternatiwegenpodigreat cebsan dddeiPedy Ldvwi CUEL adi & 1120 nattikenoi se
suppressi on and/or other devices nounted theretq in accordance with the
present i nGBRPHYRCRE sAbwnalsi pt&ored el e FEHtri glel, Wiité 128016 Fig. 2

includes cktigptés§0HRONEAHYYr124taRe a deRdictls! | Ridin@Rd aydlert?d. Gantact
pads 131 are provided for coupling to contact pads 141 of package 140 which

g . .
in turn ar BCERLPrRECt Wi BRghPenPERASPtcARUGRELCRA7 t hr ough bunps 149 to the
printed circuitragsendlyid48: Aspharabidy off EM Sleapees Supgrearasigt ors 150
are preferablé coupled to redistribution layer 130 in.the manner descri bed
wi th refere®8HEOF §5. OFhgRd B.r Arleced®P AN alidl bF otlitdEHTI fPRckage
140 to accgpradatRohReedapachhofintelirGted @diseushowset he hecErbiageeof
capacitors 155159 on another surface of die 120. These capacitors are
connect ed BYtRi e e 3PRE ptBYERELEPr ect attachment of a noise suppression
device to die 120 and circuit conponents 124 other than through

redistribution layer 130. Capacitors 155-159 respectively couple power and
ground, a signal |line and grdﬂﬁ&ﬂgdﬂQéﬂg§HﬁH§£Hﬂgdz a signal line to ground
and power to grp@@m&rﬁe%etbl 74 gt.0 1Fi thn SemBo&ifentvi 6 8h anREg$8ted
suppressing, capacitor 250 (or a resistor, inductor or other surface nount
circuit conpbfieht &5l sQusbeding nbPésaet BPPERIBWYN t Fld/ioF sarfhgge

mount ed ushdgh ks esd EHhP1alit 8RBrb@oalni BegrahRbeCii eHi thdi réd@ntkn
accordance with the present invention is shown. Capacitor 250 is

speci fi cal 13VeRlpk@sentldt i vENBNone parfit@drartegmodi Fewtt of HepacPPors 50
and 150 (i (fere GRAPACIE ON S Adofeq 1505 192 Ol @ )generablysbeppegentative
of a direct nounting of a capacitor, resistor, inductor or other circuit
conponent foreedi Afedr afeBlEPREUCt idice madeerialy eupacPForsideiAec?s0 is
pref erabl y, @, Qe AN ¢ CAPAST §0hi MbhHubRL abi R&H£0YS, 274, p2d2a1 ThESErENdS are
direct chip attach nounted through solder bunps 249 to die 220 or to the
redi st ri butiars 2B Tayend( shiover | wigisaritonsohpeegntes gre 2xgimed in

the semiconductive material to create an integrated

circuit. The transistors and other circuit components
are generally referred to as “circuit components 24”.
Formation of «circuit components in semiconductive

material is well known in the art.



VWhile the direct attachment of capacitors to a sem conductor die for EM
suppression is beneficial as discussed herein, it should be recognized that
one or nore of the capacitor 50, 51-54, 150, 155-159 could be replaced or
suppl emented with a resistor or inductor or other surface nount conponent.
These resistors, inductors or other surface nmount conponents woul d be
connected to the die in the sane manner as di scussed herein for the
capacitors. The provision of resistors and/or inductors in this manner
permts the formation of filter circuits and other types of circuit
directly on a die. The provision of the&e circuits in turn achieves the
benefits of close placenent discussed herein and permts nore conpact
circuit and pridfedo&dedui toasserblytaksi giie andwyst 6PHer OBERBEI tF Wil e
the inventisagmhas begnodeserdied IdiLoNPeeid s wbhiAt$AGCiIHdKkRm20di grent s
thereof, it will be understood that it is capable of_ further nodification,

and this appVecPeeR idCYTHRREd t oTRRRr 18/} UFSr iRA} bngridsertrays,

adapt ati ongu@ld tetd Ped ohd 0b1 Q3¢ 19, 18804 88NGE B  cdhes dF d NChbBgs ©f the
i nvention and including such departures fromthe present disclosure as come
within kno®R&h6E ciRdesbFy meedddas i n (e ssr tPaekadrThatRe YR bh

pertains apduagel®irde apeki efpkaahbe as9eRl ale fLatdsRmudianal nhefnye set
forth, and as fall within the scope of the invention and the limts of the

appended cH&lmto a2 Rrivtedvesircupl pssegbatvedBei fddi-t laskklibifrates

coNpri si nggia 9OMyaRAGHIA S UPSta & drAd thaR Vkade @J GHith Garmonent
(24,124)forned in said sem conductive substrateéé?O,lZO,ZZQ); and a first
el ect r oni cP@Be@Scé2( sornectsima ghel swrdmmmt aadsadd wduribed B 48 dhdubstrat e

that is el gghtheal padeounl ege t Phoughcralhd. SUBRLr abathetS padsCidrcUite
component (24,124); wherein said substrate includes a redistribution |ayer
(30, 130, 23DRCHRIBOSTEE t dRGeasad laur FarRe ke ailgherBstivat daghadsdiide i r st

el ectroni C4geVitee dife PEAVIERE QORI iRediiNidUid On {AYEE: ofl yTheiASSendly
of claim1, wherein said first electronic device is one of the group of .
el ectroni cbaedi cesivagl uditg anei ndsleewr (250), ther esizrssr SeZBOMaAd a

capaci tor (SEAAckE0e195r 1982500, 3 Phe asseyblar Obofkal M des Whetel n sai d

first electronic device is an EML suppression device ' _

(5054, 150, p58fesab2goprovidpse appHr dihes periphemy 10f cthgnfiReorscligi m 3
wher ei n saikfdofihrst electronic device is direct chip attach nounted to said
substrate. 5. The assenbly of any one of clains 1 to 4, wherein said
substrate furthBr teBnpdivsds af rmdke g2duhd eomedéssribBBYcandayegr dind

conductor ¢fd) ddiategiesBectd veluiBERYhAE; BnNANYAUNGs SieRak and 4@ ound

signal to said circuit conponentry (24,124); an _0_
art Conventional redistribution layers, as the name
implies, are used to distribute (or redistribute) signal
traces from circuit components 24 to contact pads 31.
Power and ground are also often distributed through the
redistribution layer 30.

In one embodiment, the present invention provides

noise suppression devices 50 coupled directly to the die,
i.e., to the redistribution layer of the die. These EMI
suppression devices are electrically coupled to signal
traces within the redistribution layer (or elsewhere in
the die) as discussed in more detail below. The EMI
suppression devices are preferably capacitors of
sufficient magnitude to achieve desired EMI suppression.

More specifically, the capacitors are preferably in the



wherein said first electronic device (51,54)is coupled between said
non-ground and said ground conductor. 6. The assenbly of any one of clains
1 to 5, further conprising a second el ectronic device (SO 54,

150, 155159, 250) that is surface nmounted on said substrate and electrically
coupled to said circuit conponent (24,124); wherein said first and said
second el ectronic devices are different types of devices. 7. A nethod of
formng an integrated circuit assenbly, conprising the steps of: providing
an integrated circuit substrate (20,120,220)that has a circuit conponent
(24, 124)formed therein and a plurality of conductors (33, 34, 35)coupling
said circuit conpaonent to_a surface of s%#g%sub trate; and nountjng an

el ect r oni c F@BIPc&T( 50-EWp 1 5501 95144, 256 aPEREfL AP HOF STRHSS manner

that said ghechbeomhs1dR¥heeql.s el ectrically coupled to at |least two of said
plurality of conductors. 8. The nethod of claim?7, further conprising the
step of providi hgPasikard ePRctdohi PrEAAEP Iohe™gAer helgre®pPBiC el¥et r oni c

devi ces i \?\Ehasjtmg, a Eesughor .trecanasy t Obe aNfadd | BFUCLRYy:  Suikhd et hod of
cl aim 8, erein said nmounting step includes the step of direct chip attach
nount i ng of2Bafdtévect Metied idely ce t &eFad CsubSiPaELlors. §3¢ 10POT&h

I nt egr at edygbppsl 1 yageamblley . arkP"BhLS! Bleid ST CONAUEkEYE $BDSIIRIR
(20,120, 220);_ a circuit conponent g24 124) forned in said sem conductive
subst rat e PPOPions 2z@socimted fvish didfenante §bermal coefficients

(SO 54, 1500 £55-45%25Q0n t hat i gy sushace Mpaadod Sakfesubsidiatdiand
el ectrically coupled through said substrate to said circuit conponent
(24, 124); GPBReraiakiv-firseparéEersniz0 davpcerefafiakdet Bapptadt £¢h

mount ed totgal deay¥BetiBLeiohl 1Ay NLEA AL 8aRBAFY] %u%?%%@blnﬁbun@'ﬂ%ri si ng:
a sem conductive substrate (20, 20,220L; a circuit conponent (24,124)
formed in Safans@ReTonanet i veelshilyst rapedepo, akbaghppntangrocedures,

though all types of suitable capacitor attachment methods
are within the present invention. To reduce parasitics
and inherent impedance, flip mounting, solder bump
mounting or another direct chip attachment technique 1is
preferably utilized. Capacitor attachment is discussed
in more detail below with reference to Fig. 3.

Representative power conductors 33 and
representative ground connectors 34 are shown 1in the
redistribution layer and coupled to circuit componentry
24, Two pairs of power and ground conductors are shown
coupled to capacitors 51 and 54, respectively. Capacitor
52 1is coupled between a signal 1line 35 and ground.
Capacitor 53 is coupled between two arbitrary
representative signal traces.

Once a plurality of capacitors has been coupled to
the die in their appropriate positions, and the die is
mounted and electrically coupled to package 40, standard
finishing steps are preferably performed. These include
application of an insulation material over the exposed
electrical conductors, capacitors and die, and placement

of a cap 46 over this structure as is known.



a first electronic device (SO 54, 150, 155-159, 250) that is surface nounted
on said substrate and electrically coupled through said substrate to said
circuit conponent (24,124); wherein said substrate further conprises a
non- ground conductor (33) and a ground conductor (34) that respectively
provi de a non-ground signal and a ground signal to said circuit conmponentry
(24, 124); and wherein said first electronic device (51,54) is coupled

bet ween said non-ground and said ground conductor. 12. An integrated
circuit assenbly, conprising: a sem conductive substrate (20,120, 220); a
circuit conponent (24,124) formed in 3l d@ seniconductive substrate

(20, 120, 220); - 9b ,a first _electronic device (SQ 54,150, 155-159, 250)
that is surfaceRAbBREERIoFSaltIsubst rat 6878 %G | V2 dupfed™ hr ough

sai d subst paterht$akd hibceldiderfOnponent irdddrded apdrausecand elxactronic
devi ce (50-54, 150, 155-159, 250) that is surface nounted on said substrate

and eIectrWéEhlyHEbﬁBIeéuPBr§§Fd°@ir@ﬁq/Qﬁnﬁﬁﬂﬁﬁi (EVILER) . BPEES sai d
first and spbdesgCOnd ehesbr@ihEcdeniers ane dhfdssent iniRas idn daw ces.
.AH. Aly. AF@ A3. AF. A3L. AY. A, . AH, . An. AH+" 78cdg , ,

NOno( . 7~yt g@w{‘\lj SdPddpda)ta) eapcdTaPEafdq]-calcafét] ddlcfalesa] €a] ca] ca]
ca] c*a] ca] ¢atrahesd] cal cal cal Coalganale: abea! 4hd: a_ redistribution

P ##&&&&O' p' "' f-g----.. M N b.}xsnid Z]ca]ca] ca]ca] ca]ca]ca] calca]ca]ca]ca]c
a]ca]ca]caf%&?ﬁa 28} c SPRAREE A% c%f%aPESY&QF@aF@é]E&PE&%BQ!EPC.IOOOOO
+112222223NgAE444 S58850081 7817 pABkugRI d44] calicdl Gal caheala] erlpakeal ca] ca]

ca]ca]ca]cagca]ca]qa]ca]ca]ca]ca]ca ca]ca]ca]ca]caLca]ca]c%Jca]cakca!88:9t9
u99999T: U; through” internal conducts 147 "through bumps "149 to the

<<GH<] <"<srixbed 7 7{#8hxENi ds4bmBl ¢2a] §abca] cahcalaahealiesy calcaksal cal cal ¢
alcal cajcal eal el cal g2 Sl s €516 130 0l f8 USRS Busded o
redistribution layer 130 in the manner described with
reference to Figs. 1 and 3. A recess 144 may be provided
in package 140 to accommodate the capacitors.

Fig. 2 also shows the formation of capacitors 155-
159 on another surface of die 120, These capacitors are
connected by vias 161 and provide direct attachment of a
noise suppression device to die 120 and <circuit
components 124 other than through redistribution layer
130. Capacitors 155-159 respectively couple power and
ground, a signal line and ground, power and ground, a
signal line to ground and power to ground.

Referring to Fig. 3, a side view of a noise
suppressing capacitor 250 (or a resistor, inductor or
other surface mount circuit component as discussed in
more detail below) that is surface mounted using direct
chip attach to an integrated «circuit die 220 in
accordance with the present inventioﬁ is shown. Capacitor
250 1is specifically representative of one particular
embodiment of capacitors 50 and 150 (i.e., capacitors 51-
54, 155-159, etc.) and generally representative of a
direct mounting of a capacitor, resistor, inductor or

other circuit component to an integrated circuit die. As
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a capacitor, device 250 is preferably a ceramic capacitor
with metalized ends 271, 272. These ends are direct chip
attach mounted through solder bumps 249 to die 220 or to
the redistribution 230 layer (shown in phantom lines) of
die 220.

While the direct attachment of capacitors to a
semiconductor die for EMI suppression 1s beneficial as
discussed herein, it should be recognized that one or
more of the capacitor 50, 51-54, 150, 155-159 could be
replaced or supplemented with a resistor or inductor or
other surface mount component. These resistors,
inductors or other surface mount components would be
connected to the die in the same manner as discussed
herein for the capacitors. The provision of resistors
and/or inductors in this manner permits the formation of
filter circuits and other types of circuit directly on a
die. The provision of these circuits in turn achieves
the benefits of close placement discussed herein and
permits more compact circuit and printed circuit assembly
design, amongst other benefits.

While the invention has been described in connection
with specific embodiments thereof, it will be understood
that it is capable of further modification, and this
application is intended to cover any variations, uses, or
adaptations of the invention following, in general, the
principles of the invention and including such departures
from the present disclosure as come within known or
customary practice in the art to which the invention
pertains and as may be applied to the essential features
hereinbefore set forth, and as fall within the scope of

the invention and the limits of the appended claims.

f
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CLAIMS

1. An integrated circuit assembly, comprising:

a semiconductive substrate (20,120,220);

a circuit component (24,124) formed in said
semiconductive substrate (20,120,220); and

a first electronic device (80-54,150,155-159,250)
surface mounted on said substrate that 1is electrically
coupled through said substrate to said circuit component
(24,124) ;

wherein said substrate includes a redistribution layer
(30,130,230) disposed towards a surface of said substrate
and said first electronic device 1is provided on said

redistribution layer.

2. The assembly of claim 1, wherein said first
electronic device is one of the group of electronic devices
including an inductor (250), a resistor (250)and a capacitor

(80-54,150,155-159,250) .

3. The assembly of c¢laim 1, wherein said first
electronic device is an EM1 suppression device (50-

54,150,155-159,250) .

4. The apparatus of claim 1, claim 2 or claim 3
wherein said first electronic device is direct chip attach

mounted to said substrate.

5. The assembly of any one of claims 1 to 4, wherein
said substrate further comprises a non-ground conductor (33)
and a ground conductor (34) that respectively provide a non-
ground signal and a ground signal to said circuit

componentry (24,124); and
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wherein said first electronic device (51,54)is coupled

between said non-ground and said ground conductor.

6. The assembly of any one of claims 1 to 5, further
comprising a second electronic device (8S0-54, 150,155-
159,250) that is surface mounted on said substrate and
electrically coupled to said circuit component (24,124);

wherein said first and said second electronic devices

are different types of devices.

7. A method of forming an integrated circuit
assembly, comprising the steps of:

providing an integrated circuit substrate
(20,120,220)that has a circuit component (24,124)formed
therein and a plurality of conductors (33,34,35)coupling
said circuit component to a surface of said substrate;

and

mounting an electronic device (50-54,150,155-
159,250)on said substrate in such a mwmanner that said
electronic device is electrically coupled to at least two

of said plurality of conductors.

8. The method of claim 7, further comprising the
step of providing as said electronic device one of the
group of electronic devices including a resistor, a

capacitor and an inductor.

9. The method of c¢laim 8, wherein said mounting
step includes the step of direct chip attach mounting of

said electronic device to said substrate.
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a semiconductive substrate (20,120,220);

a circuit component (24,124)formed in said
semiconductive substrate (20,120,220); and

a first electronic device (S0-54,150,155-159,250) that
is surface mounted on said substrate and electrically
coupled through said substrate to said circuit component
(24,124);

wherein said first electronic device is direct chip

attach mounted to said substrate.

11. An integrated circuit assembly, comprising:

a semiconductive substrate (20,120,220);

a circuit component (24,124)formed in said
semiconductive substrate (20,120,220); and

a first electronic device (80-54,150,155-159,250) that
is surface mounted on said substrate and electrically
coupled through said substrate to said circuit component
(24,124) ;

wherein said substrate further comprises a non-ground
conductor (33) and a ground conductor (34) that
respectively provide a non-ground signal and a ground signal
to said circuit componentry (24,124); and

wherein said first electronic device (51,54) is

coupled between said non-ground and said ground conductor.

12. An integrated circuit assembly, comprising:
a semiconductive substrate (20,120,220);
a circuit component (24,124) formed in said

semiconductive substrate (20,120,220);
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a first electronic device (S0-54,150,155-159,250) that
is surface mounted on said substrate and electrically
coupled through said substrate to said circuit component
(24,124); and
a second electronic device (50-54,150,155-159,250)
that is surface mounted on said substrate and electrically
coupled to said circuit component (24,124);

wherein said first and said second electronic devices

are different types of devices.



