1S JUN 2006 WD 02/063934 r CT/US91/.11i 51 | NTERCONNECT Field The present
invention is related to circuit substrates, and nore particularly 5 to

i nterconnects used in circuit substrates. Background G r(@Uil}N Aopstrates are
t he buil ding bl ocks of nodern el ectronic systens, such as ‘conputers,

cel lular t ¢deexlesvdas, and personal digital assistants. C rpcruseti@essubstrat es
providé a platformfor nounting and interconnecting electronic conponents,
such as integrated circuits, resistors, capacitors, and inductors that
performthe electronic f unction requi Mern el ectroni c systens.

| nt erconnects are conductive structu ned together the electronic
conponents on a circuit substrate. 15 Interconnects can be sinple structures
or conmplex structures. Sinple interconnggigstructures include conductive
traces. Conductive trages are.typicall Thin, narrow strips of cqnductive
maferial, such as cop PW@PV%&@F&'@”&M“%@&M%t
substrat e 5and contdutercomecteiised iranauitsubgrspenent t o anot her.  Conpl ex

i nt erconnect structures include structures such as vias coupled to pads. 20
Vias are typicglly cylindrically shapecj condugt i ve segnents that connect
together different |ayers or conponent fferent |ayers of a circuit
substrata Pads are t \(picoukibgtratdsiare thebpilding bindoschf atodera clettranixisystass, f or ned on a

surface |ayer of @@HMM&%M@IE&MMMW&MO aGghnecting
conponent s such agﬁ#% rat(ﬁd a&rcggts or other elecfronic devices, to
signal s aVail abl e 1de & pfaftorm, fox mounting i MIe pover or
const ant pot ent i atongiogents, such asliiniegfated nindults) meststns, gapacitorss aghiadetors@hat pr obl emin
modem el ectronic 'Méﬁﬁﬁmwﬁﬁp demand for
current and this l§%@hﬁ?Jlgr‘rzland for current causes cunt surges In the
conductors that . W&F@B&Pﬁmm%ﬁmq on system 30

These current surgmgpondats anacireuit substaenduct ors t hat nmake up the power

di stributjon system t‘?‘“%m"‘“ﬁ%ﬁ%@w&‘"&s5'49""2%4"9‘9:5‘@& Ljes ternmed
el ect romagsnet ic jntertference (EM)). e anount radr at [Tgn that an
el ectroni c devi celffescoprachstructupss inclydécpneuctive taces, Gopductivg traces aeitypirallity er nnent

regul ations. | n tthé, hinrowestrigstofitandyctivéimatesial ubledsicopyeer, altae arp f@iiad gpd ed and
enforced by the FgfleralsaCRO bkt Snnect one electronic component to another.
Complex interconnect structures include structures such as vias coupled to pads.

20 Vias are typically cylindrically shaped conductive segments that connect together
different layers or components on different layers of a circuit substrate. Pads are
typically thin, square conductive structures formed on a surface layer of a circuit
substrate. Pads provide sites for connecting components, such as integrated

. circuits or other electronic devices, to signals available on the circuit substrate.

25 Signals include power or constant potential signals and information carrying

> signals.

& One problem in modemn electronic systems is that the systems generate a
step demand for current and this step demand for current causes curreat surges in
the conductors that make up an electronic system's power distribution system.

30 These current surges can cause the conductors that make up the power distribution
system to emit electromagnetic radiation (sometimes termed electromagnetic
interference (EMI)). The amount of radiation that an electronic device is permitted
to emit is usually controlled by government regulations. In the United States, the
regulations are promulgated and enforced by the Federal Communications

35 Commission. Therefore, the electromagnetic emissions from electronic devices
must be controlled.

One solution to the problem of power distribution system electromagnetic
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35 Conmmi ssion. Therefore, the el ectromagnetic em ssions fromelectronic
devices nust be controlled. One solution to the probl em of power

di stribution system el ectromagnetic 1 19 JUN 2006 WO 62S3f 3¢ JIACINBSC ei aSI
em ssi ons §ﬁ9§¥%ﬁﬁfconnectlng decoupl i ng capacitors between pads coupl ed to
a constant source and pads coupl ed to a groundPET/USeH&eR0t ent i al
source. The decoupling capacitors provide a |ocal source of energy, which
can quickly be supplied to circuits coupled to the substrate to neet a step

i ncrease i n denaRgliskiohs rSquires Ebotingidcaap! eauﬁwmham&ﬁ coEplgas ai N ot her
parts of the po Al tlon Qrlunate t hat couple
t he constant pot 5%?‘9"8?""5%\% eso?rge p‘?ﬂ%‘gp{o oupﬁé‘%’gﬁasg‘"g%rs exhi bi t
a large induct an@cmlgammvl&aw%wfmmmmwent in an
el ectronic dE\él c f ﬁ%ﬂ&h@%@l{ﬂéﬂt&ﬂﬂ%ﬂ&ﬁﬂﬁl t&nhfbt& M%d&nﬁm&l thhe Step -
i ncreases_in ena or rrent occ rel.atjve reque .then to
decoupl i ng capaciPoF Ree Wﬁ @%Mﬂﬁf‘i c radiation
or EM in an el GMnUﬁwmmmmmrations of «,
nodern el ect r onipadsSind H&FEp lin@%ﬁ;%%nhﬁﬁﬁl&ekﬂﬁdiﬁ@éﬂ%éb"ﬁ%ﬁﬁs&@r current
will increase in fre d this increase in fr y, W Ll: cause the
vol t age drops i n%ﬁf@@%%@%@ﬂﬁgﬁﬁéﬁ"m&%ﬁ%& '“af?ea hi gher
rate. Unwanted nd!@eﬁmmwmmdﬁmmmxm thehe, create
currents,ghich fld% l‘h m«%x&bmﬁ&m& faRkiad &

significant anou ctro n rad ation F hese and

ot her reasons th g‘“ﬁ%ﬁs?%‘g“ Mtof ‘%‘Pf"g?“

Descri ption of tmmmm@m@m&mmnt s of
an interconnect %Gﬁ&{tﬁhd}%n&tﬁlsld&%@@ﬁ&iu@@vﬁﬁci@@dﬂ bropsmi@RIViAN; Figure

B is a side view of one enbo Lrcuif bstrtelnludlng a
capacitor coupl ed® EEFRESHVAR ’t"gﬁev"%&? hgpgam connect 25
accordi ngst o t he whengénerated Q&NMWSWMMMWQMGOWC is a side

vi ew of one enbodiation fysdh dnid bRl NS caftQBhR of RoctriRagnbiciadiaicad Circui t

according to the tggﬁhlngs of t'e present |nvent|on Figure 2Ais a top view.
anot her enbodi merff an i nterconnect according

For these and other reasons there is a need for the present invention.

20 Brief Description of the Drawings
Figure 1A is a top view of some embodiments of an interconnect according
to the teachings of the present invention;
Figure 1B is a side view of one embodiment of a circuit subsuatc including
a capacitor coupled between a first interconnect and a second interconnect
25 according to the teachings of the present invention;
Figure 1C is a side view of one embodiment of an interconnect coupled to ,
an integrated circuit according to the teachings of the present invention; e {
Figure 2A is a top view another embodiment of an interconnect according
to the teachings of the present invention;
30 Figure 2B is a side view of the interconnect shown in Figure 2A;
Figure 2C is a side view of another embodiment of a capacitor coupled
between a first interconnect and a second interconnect according to the teachings
of the present invention; and
Figure 2D is a side view of another embodiment of an interconnect coupled
35 to an integrated circuit according to the teachings of the present invention.

Description
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to the teachings of the present invention; 30 Figure 2B is a side view of
the interconnect shown in Figure 2A; Figure 2Cis a side view of another
enbodi ment of a capacitor coupled between a first intercopnggh 28d a second
I nt erconnect according to the teachings of the present invention; and

Fi gure 2D WO ®RM639de vi ew of anot her enbodi nent of an i nt croposadesgoupl ed

35 to an integrated circuit according to the teachings of the present

i nvention. Description 2 19 JUN 206 WO (r)2/063934 PCCNS61144651 In the

following detailed degg ﬁi%ﬁﬁg 55{3 g to the
acconpanyi ng draw nggI #ﬁ“&%%ﬁfegar ereo l"‘an rele é'gg%qghom by
way of illustrat ﬂ@r%ccoswwmg dravdpgrovhichfaem awmtmmmmway be
practiced. | nht Ray Of iludtaGsn, spek lﬁedﬂumai@ommw&sﬁ.aﬂdmkgsl m | gr |
conponents 5 t rgpg? t Mﬁ%ﬁ ol %1\?%“ Eg g! rent s are escri be
in sufficient detal 9’%’ g%ﬁ'gﬁﬁ ose SKi Eﬁ& a ractice the

i nvention® Ot her tuEopshey Mal and

el ectri cal changmyﬂb&mmmmhwﬁd rwm::@ t he
present inventio g I aj | eg Igﬁ%ﬁrl B b O be eSadl Qe g be taken in
alimting sensege'ét?\ﬂérg‘%%% scope og&@he pr esent | n ent fon i s defined only

by the appended denarting from thevepopq ofithe psesent inventinao The lowmgdetailsdent s t o whi ch
such clains are Gmlﬁtioﬁqkn&mruﬂ(eﬂﬁ;dlﬁmﬁng%cy' théXcopeOT8 ..-;_-...,; ment s of an

i nt ercon ct 100. a cord o,t.he, t eachj of ,the ntion.
can be sgen in F| uré’"l"‘A %“ b%%?%ncnn%acmw@rtﬁ%@ﬂ ubstrate
101. The mtercoﬁ‘llé\?!mmwhﬁbmmqﬁmloz and three vias 104-106
coupled to the pad 1Q2gm§m.§/wpm&df§mmmbmwofwaoby a

conductive segnent 1 ad 10

conductive segrre ?Coﬁdi“fto%%w fgg‘“ma‘g 5'?10?' gt‘)“ﬁ'l ern%ﬁméﬁ‘d 102. To
directly coupl e thedntgreennegd0@ is formed pm g subsizate 1¥l; dhe ifrscoppest 100dndludes or ned i n
the subsirate 1%1&WWMZMMWWQMIW|%WWM&MI a 106

102, The. pad- 10245 Kbyt Bomln I - S5 %ﬁ%ﬁgﬁé’ ‘520 he pad
‘material, such asawgp@wcmmﬂanﬂhgmw@w%ywmm
directly couple the via 106 to the pad 102, afier the via l%wﬁnmednlhe
substrate 101, the pad 102 is formed substantiaily over the via 106 such that the via
20 106 is physically and electrically coupled to the pad 102.

The pad 102 is formed by patterning and etching a conductive

“material, such as copper, aluminum, gold, silver, or tungsten, on
a surface of the substrate 101. Prior to patterning and etching,
a thin layer of conductive material is formed on a surface of the
25 substrate 101 by a process such as chemical vapor deposition or
electroplating. The sﬁape of the pad 102 is defined by the
patterning and etching process, but the pad 102 is not limited to
a particular shape. In one embodiment, the perimeter of the pad
102 includes six substantially straight edges 108-113 connected
30 together to form a six-sided shape, as shown in Figure 1A. The
pad 102 provides a site on the substrate 101 for coupling a signal
to electronic components, such as integrated circuits, resistors,
capacitors, or inductors, mounted on or near the substrate 101.
The three vias 104-106 are cylindrical conductors formed in the substrate
35 101. Vias are typically formed by etching a hole in onc or more layers of a
substrate and depositing a conductive material in the hole. The three vias 104-106
are not limited to being cylindrical. Any shape which allows transmission of a
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a surface of the substrate 101. Prior to patterning and etching, a thin

| ayer of conductive material is formed on a surface of the 25 substrate 101
by a process such as chemi cal vapor deposition or el ectrdpljdNililf. The shape
of the pad 102 is defined by the patterning and etching process, but.the
pad 102 iswiphrdesgzyted to a particular shape. In one enmbodiprnt. glh‘e )
perinmeter of the pad 102 includes six substantially strai ght ecﬂ;‘gs 108-113
connected 30 together to forma six-sided shape, as shown in Figure 1A The
pad 102 provides a site on the substrate 101 for coupling a signal to

el ectroni ¢ conpofigal in the spbsiraies1014s wyfable £ ugs ip theifabsicatraapf Grednterconnegtpaci t or s,
or inductors, noUKY ddth&iexatiplashapkdaitastlofol 1s2tie tht Gbricativn of the 9Rs 1048506104- 106 .

are cylindrical S -] t Y/ are
typically for md%&qga%hﬁgﬁ%’%%ﬁgﬁ%é%%é% erls%gé d%{'%gubst rate and
deposi ting a conlitited tpaiseigicennesgtion; withaply these sias. THe prefersd embadlimeptof thes ar e not
limted to bei ngm&milmclummbwmd?&iﬁlmmamﬂmﬁmc@f a3 19
JUN 2006 WO 0210 . 5f:1 (Si [ 0t subst 181 is

sui tabl e for use%ﬁé’fﬁwgg‘éw yglﬁ'f}’gen‘t'%sfé%ﬂ@%ﬁ%ﬁc‘?gﬁo&{?&ﬂ%&'&?ﬁé‘?

exenpl ary shapes skilkd inheartiwill appreciat thatfeurtvanintercanpests, fve-viniateptonaects)4- 106

i nclude square, a&dia@adahectsiidhRliigubharé tha@fitk Vigcas BO formedlin cddfdndOdti S al so
not limted to i opnect  on.w o] hree vias T referred

enbodi nent of thgf%%ﬁ'flésr@%ﬁg%f&fw&&ﬁb?L%%O%%ggs%sﬁgg‘f“r"é‘aﬁct ion in
el ectrontyneti c Vias imprevedhekigh frequency srsiermanceiof thedmterconnegtdP@whem| t o coupl e
the pad 102 to aa&hwaiwmmgh&&hmm&&hdmmwmﬁngmryeci ate
that four-via int I Gonne apaidve-vi a interconnects, and interconnects

i ncl udi ng nore than FIVEVIGEP€an be fornmed in accordance with the

t eachi ngs of the presEecondugtivesegment &) Ggouples thepachidd do tn yiad 04.nEe t wo or nore
10 vias i nprove béuBiveRedneRfIIONS Rl ffoi HOsHaRcVE maltfall ficBaCPpRCt 100 when

conpared_with the hi.gh fr enc erformance .of. .ap in conngct. conpri sing
only on¥ via coﬁlp"f“é'gmf’gd q%'&ﬁ? 'fﬁ‘gs‘f'bﬁg%g 5%"’&%%&884%&“8?% es the pad
102 to the via 16eemeghH0heombigoanid |4 andgrreennd eudl li6s The firsbendilibhase fr@nduct i ve
material, such awifRPPEand the Secaldbil 116 has dGécdnd Widdy EX0. TRE fikstad R, and is

preferably tapered, T0fwG i Y& the sccond end 116 is connected o the pad 102. In

one embodiment, the first width 118 is less than the second width 120. By making

20 the first width 118 less than the second width 120, a tapered conductive segment
can be formed between the pad 102 and the via 104. For a step change in cumrent,
a tapered conductive segment generally emits less electromagnetic radiation than
an untapered segment used in the same interconnect configuration. The taper is
not limited to a linear taper. Other functions, such as hyperbolic functions and

25 exponential functions, may be used to define the taper of the conductive segment
110. The conductive segment 112, which connects the via 105 to the pad 102, is
also preferably a tapered conductive segment.

Figure 1B is a side view of one embodiment of a circuit substrate 125

including a capacitor 127 coupled between a first interconnect 100 and a second

30 interconnect 129 according to the teachings of the present invention. The first
interconnect 100 is coupled to a first poteatial plane 131 formed in the substrate
135, and the second interconnect 129 is coupled to a second potential plane 133
formed in the substrate 135. Each potential plane 131 and 133 is a conductive area
or plate formed in the substrate 135 and provides a source of substantially constant

35 potential during the operation of the electronic system formed on the substrate 135.
The solder element 136 electrically couples the capacitor 127 to the first
interconnect 100, and the solder element 137 electrically couples the capacitor 127
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segnent 110 has a first end 114 and a second end 116. The first end 114 has
afirst wdth 118, and the second end 116 has a second w déh @“2@ The first
end 114 is connected to the via 104, and the second end 11 g%nected to
the pad 102. In one enbodinent, the first width 118 is |ess than the second
Wi dth.120. W@ &9y 20 the fi rst width 118 I ess than the seoosddsith 120,
a tapered conductive segment can be forned between the pad 102 and the via
104. For a step change in current, a tapered conductive segnment generally
enmts | ess el ectrQRRORESAS t&g‘q;ng&i than an untapered segment used in the
same interconnect conf ation. Th limte to a linear

taper. O her functlonsljb%zifﬂ gqﬂtﬁ)? "Jf"‘lfﬂm%é’ﬁ tlal
functions, may beofiBgue 1A. He@weeluslmldmuedaﬁatiﬂnﬂmfmauumnmmnt 110.
The conductive sepighal AbbdFi u@htoqmgetast%mw&aé fod g pad 102, is

amhodt ment of % ciP e%ﬁdmtﬂ“’“ A I

bet ween a first |mcemmmmmmSawacdaﬁwwmmmmungzg accordi ng

E:g :)Ihgdt tegcgl ?9?88 & cBhfmeity tial a e 13%’1‘9%11%5@ ert]ﬁc'\}iazfog' bstrat 135, Ogn:jst he
u i | | u 'é
second i nterconn &‘Fg‘i‘fzﬁﬁr@ i 109 to BFM‘%?, f or med

in the substrate iaﬁquﬁatmmmmmmwmxtmﬁe@ﬁiéwmcﬁ)nduct ive area
or plate jjhornmed i fedddtrasiéht ggh dringPHcopi#Aith Hcirofitsobi&tio Spw%iant ially
t1on of S

constant 35 potenti al dur| ng oper, the electronic tem forned
on the substrate 3Rtentiahsqurog 58YQENt 136 electrically coupl es the
capacitor 127 to the fmsaoondmtemomamﬂeusﬁﬁﬁ;ablgrﬁkwdmabmaﬂyent 137

?42%% ' . tcal It y COUp{d%cm@t&%ﬁt&%ngoo?_%M% t 13%&4 PfCT NS'V'd
a5 descr i bed abov Mt RENEBEERHLY Gritcdhio e e imrsonss 1 e =L houl d b
noted that it is inteedomnexbl29, cammchﬂéme:brvasemm ﬁ:fngmmd:ctmml gure 1 B,
to |locate at | eas;w&mqn ltzbgglqn&mqﬂ;g%% Wﬁﬁéﬁﬁ:&k tgﬁ:neat h the
Brea on the subet itFEbadimen Sigde Py Po Borooms L PHRCABEMbn ¢
conmponents. In addxupledmamgdmacmqogﬂedm thusaooiﬂﬁowlﬂal;plauﬁlﬁal Ay beneath the
pad 102, an extr ajcaRiietink ot SOAFGhicdly e thel itaieVist ©4fn fic ERE Pad 102 is
20 potential plane 131 at any location in the first potential plane 131 where the single
via 142 passes through the first potential plane 131.
The capacitor 127 electrically couples the first potential plane 131 to the
second potential plane 133. In one embodiment, the capacitor 127 is a high
frequency capacitor capable of supplying current in response to a step demand in
25 current on one of the potential planes 131 and 133. In another embodiment, the
capacitor 127 is a ceramic capacitor. In yet another embodiment, the capacitor 127
is a high frequency ceramic capacitor. The present invention is not limited to a
single capacitor coupling the first potential plane 131 to the second potential plane
133. Those skilled in the art will appreciate that for many substrates, a plurality of
30 capacitors is used to decouple potential planes.
The substrate 135 provides a foundation for mounting and interconnecting
electronic components that make up an electronic system. Exemplary materials
suitable for use in the fabrication of the substrate 135 include ceramics, epoxies,
silicon, and other insuiators and semiconductors. Typically, a circuit substrate,
35 such as the circuit substrate 125, includes a plurality of interconnects, such as
interconnects 100 and 129, and a plurality of constant potential planes, such as the
first potential plane 131 and the second potentiaf plane 133.
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not required. Since an extra conductive segnment can becone a source of 10
el ectromagneti c em ssions during the operation of circuits coupled to the
pad 102, a potential source of EM is avoided. The secon(clstA l:g“qp%onnect 129
S preferabl y fabricated to be substantially identical I 1St

I nterconn %;&Q, however, the second interconnect 129 |sP@9{,5m)ad31ted to
bei ng substan |aﬁ4y |dent|cal to the first interconnect 100. The second 15
i nterconnect 129 can include nore vias than the first interconnect 100, or
the second interconnect 129 can include fewer vias than the first

i nterconnect 100. | n Figyes Kl aeay of prsvimbpdimentnd the intgreonnget 101t er connect

129, includes a mlmmmweﬁnmwwmgwmcw blm:@ﬁcécﬁ the second
potential plane L3&ns “ﬁ[m ¥p‘! gg fheSEPArates t he
single via 142 from tﬁp .ﬁérlgyé lllglg:t' I(ar%gl V@M anwa'ocat ion in the
fast potenti al pl‘ﬁ girtd P‘E‘c“ planeslp2 nEhopath ingludesitlie t he fir st
pot enti al spl ane Jsaldué[mmaﬂaﬂﬂeimc&a&nmmaaﬁmpﬁﬁmﬂ ﬂ&&hz ﬁ\i rst :

?ELGQLLZLPL?”?Z? A “%Wfé‘fﬁ“ﬁ’?y W %Jé?&(@?&%*apab‘?% e

current in respo ‘E%ﬁ"& pto; the ip ciEFHt 13 potentlal
pl anes 131 and 13801udcnﬂﬁmmh%lmmmgﬁmmnmpmﬁmﬂeqs2ﬂoﬂcm ceramc

capaci tor. |n yelgga oy Qg:egg'm@mmm&qﬁmw% ap&fon henfbeflled" {7 eauency

cerani ¢ capaci tor . The q? i nvention I's no Single
capaci t of®coupl i rfdfotihEStp fhepad 142 The hieh feaycacy %EWWt enti al
pl ane 133. ThoselOQIptdvidedfaslnrdohﬂmgrot’slgnaldbea@ﬂiﬂelcaﬁs&ntm&milwsw '

substrates, a pluga %;w@ Rapitors is used to decouple potential
pl anes. The substrate rovides a foundation for_ nounting and

i nt erconnecting el ec Pgt‘ﬂ’ﬁ i 8 fRpoyifav eisomp sbodiments of ag intarpeupect XM ¢ system
Exenpl ary materi mmmlagumufmommﬁm&abrmmhmmmbst rate

135 incl yde cera , FeIsTo N S4pd

seni condggt ors T)r/%tl'c@ i aﬁ)?l'sr%)wt g'%bsstur at e%)g“s su E a:s"% cl rcwt
substrate 125, i 83%“5’ Y'aﬂwoéfomﬁﬂ@r%mmlsﬂbﬁ%mzﬁnerconnects
100 and 129, and Mmlwwmmmmmzoporenmympa@wbm t he

first potenti al %f{mh&; 2085 3UN 2006
WO 02/ 063934 PCT/ USOl 44651 Q)IILS a si Vi ew 0 one e I ment of
the interconnect S% yovcrthc vnas204—206mchthatwdmfthed|mcwaszo4~206|s

20 phys:cally and electrically coupled to the pad 202.
The pad 202 is formed by patterning and etching a conductive material,
such as copper, aluminum, gold, silver, or tungsten, on a surface of the substrate
201. Prior to patterning and etching, a thin layer of conductive material is formed
on a surface of the substrate 201 by a process such as chemical vapor deposition or
25 electroplating. Figure 2B is a side view of the interconnect 200 shown in Figure
2A. Referring to Figure 2B, the pad 202 has a top surface 210 and a bottom
surface 212, and the bottom surface 212 is in contact with the substrate 201.
Referring again to Figure 2A, the shape of the pad 202 is defined by the patterning
and etching process, but the pad 202 is not limited to a particular shape. The pad
30 202 includes a substantially square core pad 214 and three non-square pads 216-
218. The square core pad 214 has four edges 221-224, and each of the three non-
square pads 216-218 is located adjacent to one of the four edges 221-224. In one
embodiment, at least one of the three non-square pads 216-218 is a substantially
triangular pad, such as the pad 217. The pad 202 provides a site on the substrate
35 201 for coupling a signal to electronic components, such as integrated circuits,
resistors, capacitors, or inductors, mounted on or near the substrate 201.
The three vias 204-206 are cylindrical conducters formed in the substrate
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coupl'ed to an integrated circuit 150 according to the teachings of the
present invention. As can be seen in Figure IC, a signal path is forned
between the integrated circuit 150 and a constant potentia&lahﬁgﬁ 152. The
path includes the 5 solder elenent 154, the interconnect 100¢ Q const ant
pot ent.i al pWVAARMEINM A sjignal at the constant potential phcureselagsspasses

t hrough the interconnect 100 and through the solder elenent 154 to the
integrated circuit 150. The intercom includes the vias 104-106 coupling the

Colnztantlpotentllglzoplwaeaxééawq:gfow E&Bfngaﬁbﬁ'ﬁ??ﬁzig%tg &ilélqy, thﬁ ;
sol der el enent d%sﬂ% a%gndL Q/c Igh‘c 1?“&%6“5 the pa

102. The high frequencg nce he 1 nterconnéc rovides faster

coupl i ng of si gnals mee WM@%%M‘MI“W@{'@H mo&aam
integrated circui ﬁnﬂ:EQxbsﬂt@M]Qs%bléfoﬁuieQﬁﬂMﬂiﬂ“cﬁfon&Dﬁems of an

i nterconnegct 200 gee ' Bﬁ P tion.

can be see% in Fi guregg%pm{%g'ﬂ% Z&c%%}ﬁ%% J@r rreghmi&?

substrate 201. Thaciudesquarsnoragonadriangyiay, andhexagopald Thepad 202 st linaited

204-206 fornmed on Mc&uh&hhaﬁﬁﬂ&&lv:ancp&w&umdtbaﬁéw ed to the

204-206, after (he% r%’%@%%@ﬁ%ﬁ%ﬁ%&a@?ﬁ&%%ﬁned

substantial |y ovemsipsBveesmeage Yaste conple theaygd 202 19 2 signal filledit ce vi as
204- 206 is0 20 phﬁmmhllwpw&hmﬁa@bwwmhmmmlmd-vﬁmehﬁmmmz The pad

202 is fornmed by Q&;&‘gfng&p F;B*&M?LB gHeh as
copper, alum num gol, Sl \/lg(?l @&&Mgﬁﬁ%ﬂ%ﬁmﬁ ace o0 Y}'ﬂ?substrate
201. Prior to pat @FAHREPT e greseat pvengion.Simylaf URHIQOr MO WSt erial i s
formed on a surfanprooé&thnghﬁubmﬁuyqﬁorﬂﬁﬂcebjﬂmmammmem cal

vapor deposition %ﬂ@ﬁelﬁ B&Q&,B&f&qm P Bmdhi 2 L he
I nt erconnect 200 sho F| gure erring to Figure 2B,” the pad 202

has a top!3urface bottom surface 212, and the bottom surface 212
s in contact with theF@umgcmmea%vofoﬁe&nba&n@tagmuwtaW 2A, the

shape of the pad 2Q%4.d acjﬁl;écﬂ&qu u%, Bl eia@cess, but
the pad 202 is not limte oapar cul [sh e. The ad3 |ncludesa
substantial ly squé’?‘?"mqﬁ% T“P@é@saﬁ& %‘%S The
square core pad 2mmm@m$dgwmaﬁmmw¢mam bhnd:dheauihswm squar e
pﬁgsd216 %@8 ![SI | Qﬁ@ﬁx@%o@ﬁhf:ﬁﬁﬁ:@ﬁq{e%&ﬂ%% leJtB%sE&H&d 4 %\%%3?%0& n one
SUbstantai 1y t1 ALPGORFRal, aumegiel PRae film3 2953 shodietye 59 Spblasi ces o
site on the substﬁm@dgﬂwﬂlbmﬂémw@sasgmwwneﬂbm@ntc conmponent s,
such as integrat e@omhtiat Whrin the operation of the electronic system formed on the substrate 235.
The solder element 236 electrically couples the capacitor 227 to the first
25 interconnect 200, and the solder element 237 electrically couples the capacitor 227
to the second interconnect 229.
The first interconnect 200 is formed as described above in the description
of Figure 2A. However, it should be noted that it is preferable, as shown in Figure
2B and Figure 2A, to locate the three vias 204-206 substantially beneath the pad
30 202. By locating the three vias 204-206 substantially beneath the pad 202, surface
area on the substrate 225 is made available for mounting electronic components.
In addition, extra conductive segments that can become sources of electromagnetic
emissions during the operation of circuits coupled to the pad 202 are not added to
the power distribution system.
35 The second interconnect 229 is preferably substantially identical to the first
interconnect 200, except for the lengths of the vias. One or more vias 239 are
typically coupled to the second potential plane 233 rather than the first potential
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- resistors;-capaci-tors, or-inductors, nounted on or near the substrate 201.
The three vias 204-206 are cylindrical conductors forned in the substrate 6
WO 021"34 19 JUN 2006-FCT/US(r)1/atf51 201 _ Vias am tynigcmﬂl'é“\‘ormad by
etching a hole in one or nore layers of a substrate and |t|ng a
conduct i vVOROEPIL| in the hole. The three vies 204-206 8l mited to
being cylindrical. Any shape that allows transm ssion of a signal in the
substrate 201 is suitable for use in the fabrication of the interconnect
200. 5 Ot her exenlghadl], sihper os giorcais@3P will brssdightly lpdger drbodes thap the of t he

vias 204206 i NChaiR nidd!@iaE241QF HRIRA Rltercdnhécd DAL | Hdwev@ e B@SmOONal . The pad
202 i s not I|mte 0 tdon Vi.es preferred
embodi nent of th& W@?%gg?nlég?t "’2‘%8?9 V\fé%mf'ﬂp gm\tfﬁ’ég"ﬂ'ﬁé;reduct ifon in
el ectromagnetic mwammsm@nmmwawmlmmmm o couple
the pad 202 to aﬁs&monﬁ&ummfwmmﬁm&:eﬂsmwa&d&mnrtw d@ippreci ate

that four-via interconnects  fjges V|a|n r CQQREC nt ey cgnnect s
i ncl udi ng rmretﬁ%‘fﬂm? Ve V|as ca l”hg %B g@?ﬁ%ﬁ@% ﬁg .
t eachi ngs of the WMt‘f@ﬁWMﬁYwﬁQmm&wﬁﬁm or nore
vies inprove thaﬁ o1, &wﬂb@%&nﬁﬁlﬂﬁg’ﬁ@‘(ﬁasﬁéwd Rgpidally ScpadRd@ich o£00 when

e

conpared wth t high fre nce I nt erconnect conpri sing
only one via 15 0(93% e'a"'Fa%%S%bCW% g&?ﬁm‘f@mfalgfde vi ew of one

embodi meM of a ci r cuThe capasiter 237 electpisallyiconstles dhefiystpoteatinl plane?313¢the coupl ed
between a first Wﬁaammé(i% A GoSertiRRADite, the taRIcRA MNP GaighY according to

the teachi ngs of .the prese I_nvent The first interconnect ,200 is
coupled to a fi rw &f"%@ﬁ ff??‘%%&“l %@mﬂg 20 and the
second inter connéWQM@févWPbﬂ%%bm%hmmm@53 f or med
in the substratecaﬁ&tormtaalamm dapdcithtl difet a&h.eaadb&ﬁﬁem,wm ve area

or plate, forned.i] h substr 235. an I QVi SQUrGe .k substantlally
const ant > potentl ﬁrhlgl g NGt he ope |onqh$prfﬁ‘eéigfm efigs sysfoemformed on
the substrate 235mgem@c% cenpling the fissh potontia! plans 23 1 pathe sopondngtsntial plane

capaci tor 227 tOZBhMﬁlM&MWWW%MmeMMQ@N 237

electrically cou%{’%@ u&? é’% &%& q%‘g]e second i nterconnect 229. The
first interconnec 'S tonne SeDed above in the descri ption of
Fi gure 2A. However, i rwbﬁ@mﬁée@l Poerhichpepddesas shown in
Figure 20 foundation for mounting and interconnecting cleciromc components that make up
an electronic system. Exemplary materials suitable for use in the fabrication of the
substrate 235 include ceramics, epoxies, silicon, and other insulators and
semiconductors. Typically, a circuit substrate, such as the circuit substrate 225,
includes a plurality of interconnects, such as interconnects 200 and 229, and a
25 plurality of constant potential planes, such as the first potential plane 231 and the
second potential plane 233.
Figure 2D is a side view of one embodiment of the interconnect 200
coupled to an integrated circuit 250 according to the teachings of the present
invention. As can be seen in Figure 2C, a signal path is formed between the
30 integrated circuit 250 and a constant potential plane 252. The path includes the
solder element 254, the interconnect 200, and a constant potential plane 252. A
signal at the constant potential plane 252 passes through the interconnect 200 and
through the solder element 254 to the integrated circuit 250. The interconnect
includes the vias 204-206 coupling the constant potential pianc 252 w the solder
35 element 254. Typically, the solder elemeat 254 couples a pad on the intcgrated
circuit 250 to the pad 202. The high frequency pesformance of the intercoanect
200 provides faster coupling of signals between the constant potential plane 252
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~2B and Fi gure 2A; -to |ocate the three vias 204-206 substantially beneath the—
pad 30 202. By locating the three vies 204-206 substantially mﬁﬁﬁﬂﬁh t he pad
202, surface area on the substrate 225 is made avail abl e flok i ng

el ectronic conponents. |In addition, extra conductive segnents that can
become souWOdNEePIL| ect r omagnecti ¢ em ssions during the RINLHeAL of

circuits coupled to the pad 202 are not added to the power distribution
system 35 The second interconnect 229 is preferably substantially identical
to the first intajaRisgitedERuitescept for the | engths of the vias. One or

nore vies 239 are ty nd bt 233
rather than the fi rstﬁpﬁ?"%xww%“ﬁ%@%#%ﬁgg&%ﬁmg%g l %n%r%%he or nore
vias 239 will be iswillhetapresizedfesthose skillestin ghe arthlmmgﬂ& Erhe prsseat i as 241
of the first inteafigisaeahat e&mcﬂlhauaﬂemdcmmtuwseﬂe 229 is not

limted to being I n 2000. The
second i n rconne'?:zf’nffg&%ﬂdlf%c Sﬁ%% &1 e via %ﬁw“‘ i‘ﬁ}"’@ﬂﬁg‘.ﬁ?& I nter connect
200 or fewer V|e§DP%ﬁvaﬁéﬂ¥¥¥B$ iecrespiinvepiigne hercfops, # is second

i nt er connect 229iﬁ@mkhmusﬂﬁgmfahmmbcmhguaemgsyﬂﬁcﬁﬁﬁﬁhﬂﬂk@@hhaumdent|cal to
the first inter t 200. If the one or nore vies 239 pass through the
first potential plane 131, then a separate insulating ring (not shown)
typically separates each of the one or nore vias 239 fromthe first

pot enti aliopl ane 131. 10 The capacitor 227 electrically couples the first
potential plane 231 to the second potential plane 233. In one enbodi nent,
the capacitor 227 is a high frequency capacitor capable of supplying
current in response to a step demand in current on one of the potenti al

pl anes 231 and 233. In another enbodinent, the capacitor 227 is a ceramc
capacitor. In yet another enbodi nent, the capacitor 227 15 is a high
frequency ceram c capacitor. The present invention is not limted to a
single capacitor coupling the first potential plane 231 to the second
potential plane 233. Those skilled in the art will appreciate that for many
substratesc, a plurality of capacitors is used to decouple potenti al

pl anes. The circuit substrate 225 includes the substrate 235 which provides
a 20 foundation for mounting and interconnecting electronic conponents that
make up an electronic system Exenplary materials suitable for use in the
fabrication of the substrate 235 include ceramcs, epoxies, silicon, and
ot her insulators and



sem conductors. Typically, a circuit substrate, such as the circuit
substrate 225, includes a plurality of interconnects, such as interconnects
200 and 229, and a 25 plurality of constant potential planekﬁlgﬁdﬂlas t he
first potential plant 231 and the second potential plane 233. Figure 2D is
a side view of one enbodi nent of the interconnect 200 coupled to an
integrated circuit 250 according to the teachings of the present invention.
As can be seen in Figure 2C, a signal path is fornmed between the 30

i nt egrated circuit 250 and a constant potential plane 252. The path includes
the sol deg el he i nterconnect 200, and a constant potentia

plait 252. A S|gna at t e constant potential plane 252 passes through the
i ni etconned 200 and through the solder elenment 254 to the integrated
circuit 250. The j ntnoonmect jncludes the vies 204-206 coupling the
constant pot entARINGSFARECOMAISINGhe sol der 35 el enent 254. Typical |y, the
sol der elenentagggﬁﬁ@yples a pad on the integrated circuit 250 to the pad
202. The high frequencdy performance of the interconnected 200 provides
faster coupling i feingriadsthbetbutrate; tfk const ant potentl al plane 252 8 19 JUN
2006 WO 02/ 06393 PCTIUS4II43f§t @Ed t he |nte Fated o %It 250. . Al t hough
speci fi ¢ enbodiFEAPS VRN BEBl RABORRSITG QP R YIS d IR BFRVieS 1% wi Il be
appreciatngQ¥1ﬁ@g§§u§§gehgghuglkhe art, having the benefit of the present

di scl osure, that any arrangenent which is intended to achi eve the sane
purpose 5 may be substituted for a specific enbodi ment shown. This

applicati nt.ended over ons, or arlﬁtlon of the

present %elntsl i IntpFropRgq PE ajm 1 l‘é’ﬁélrF t@%ﬂf’g{jl!‘atsﬁé eaft ¥ SURYRHHAISN be 1inited
only by t Qﬁaf%hﬁéd@és @l'iﬁithEh&?le‘ﬁﬂl{bv%a]l%rbbﬁlprl%@ﬁfr&o\‘;las R Shiy8wd BJNthIQ'@e WHAT 1S

CLAIMED I S: An i nterconnect conpr|5|ng a substrate; a pad fornmed on the
subst r at e;viasrade equplesktotthe substantiallycssiapghe ddges. t he pad, wherein only one of the
at least two vias is

3. The interconnect of claim 2, wherein at least one of the only two of the three
vias coupled to the substantially straight edges is coupled to one of the substantially

straight edges through a tapered conductive segment.

4. The interconnect of claim 1, wherein the pad comprises copper.

5. The interconnect of claim 4, wherein the at least two vias comprise cylindrical
conductors.

6. An interconnect comprising:

a substrate;
a pad formed on the substrate; and
at least three vias coupled to the pad, wherein only one of the at least three

vias is formed substantially beneath the pad.

7. The interconnect of claim 6, wherein the conductive segment comprises
copper.
8. The interconnect of claim 6, wherein the pad comprises gold.
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formed substantially beneath the pad; 2. The interconnect of claiml,
wherein the pad has at |east five substantially straight ed]ggej @mﬁthe at

| east two vias conprise three vias and only two of the three q are
coupled to the substantially straight edges. 3. The interconnect of claim 2,
wherein at | east one of the only two of the three vias coupled to the
substanti &.|ly An mitgtdnnecigemprsingoupl ed to one of the substantially

straight edges th ougtjh a tapered conductive segnment. 4. The interconnect of
claim1, wher eiarﬁug’ﬁ@ Pad conprises copper. 5. The interconnect of claim4,
wherein the at ﬁ?meﬁé’&)onV'@h@%ulgs@ﬁRE Lse cylindrical conductors. 6. An

i nterconnect conprising: a substrate; a pad fornmed on the substrate; and at
| east three vi asleasitpliiedas coupleel tpalt padheheiem @y ynootthefat tehe fatr digast t hree
vial is forired u stant'aLI ﬁ&ﬁeat the pad. 7. The interconnect of claim
6, wher ei 8 {HBCE SHPHAVE %‘}éﬁ t PEOnpri ses copper. 8. The interconnect of
claim®6, wherein the pad conprises gold. 10 IS JUN 2006 9. An interconnect
conprising: a substrate; a pad fornmed on the substrate; and at |east four
vi as couplléd t dl'tehetepadneorkbécleim 9owhereimrtbe tibeteleonpduckieastgnianir vias is
formed substantially. beneath the pad. 10. The interconnect of claim?9,

wher ei n t FOMPESE AWM EYAHuUct i ve segment conprises al uminum 11, An

i nt erconnect conprising: a substrate; a pad formed on the substrate; and at
| east five vias coupled to the pad, wherein only one of the at |east five
vias is fldr nedAsubstametalomyprisergeat h the pad. 12. The interconnect of claim
11, wherein th%ﬁl%gtrac%grrpri ses silver. 11

a pad formed on the substrate; and
at least five vias coupled to the pad, wherein only one of the at least five vias

is formed substantially beneath the pad.

12.  The interconnect of claim 11, wherein the pad comprises silver.

11



