PARTI TI ONED THROUGH- LAYER VI A AND ASSOCI ATED SYSTEMS AND METHODS
TECHNI CAL FI ELD [0001] The present disclosure is related to netal
vias, interconnects, and other types of patterned contacts forned on
a substrate, such as a circuit board layer or a sem conductor wafer
BACKGROUND [ 0002] Many el ectronic systenms include a circuit board
having an arrangenent of electronic conponents that are attached to
the board and dedicated to perform ng specific electronic functions.
For exanple, a personal conputer includes a circuit board that has
various types of nmenory for storing programinstructions and a
processor for executing the programinstructions. In general, a
circuit board typiraiTigNEDCHULSSGA- LFWEIWMWU X@sbéﬁﬁfsﬁ §?§ Er@rs
| am nated with one or nore conductive netal |ayers Iayers
i ncl ude patterned contacts that attdUAMEIHENEEtri cal conponents and
patterned traces that route electrical signals between the patterned
contacts. [0003] As el ectronic systens becone snaller and nore

conpact, a |arge nunber of closely
TECHNICAL FIELD

[00601] The present disclosure is related to metal vias, interconnects, and other types of

patterned contacts formed on a substrate, such as a circuit board tayer or a semiconductor wafer.

BACKGROUND

[0002] Many electronic systems include a circuit board having an arrangement of electronic

components that are attached to the board and dedicated to performing specific electronic functions.

For example, a personal computer includes a circuit board that has various types of memory for

storing program instructions and a processor for executing the program instructions. In general, a

circuit board typically includes a non-conductive layer that is laminated with one or more

conductive metal layers. The metal layers include patterned contacts that attach to electrical

components and patterned traces that route electrical signals between the patterned contacts.

[G003] As electronic systems become smaller and more compact, a large number of closely

spaced electrical components are generally mounted to circuit boards. Inevitably, however, it

becomes difficult to fit all of the necessary patterned contacts and traces between such closely

spaced components. Many electronic systems accordingly use circuit boards that include layers of

patterned traces located at multiple levels in the boards. Such multi-leve! circuit boards include

metal vies routed through one or more layers and electrically coupled to one or more levels of the

patterned traces. The metal vias can be difficult to locate because they need to avoid electrical

contact with most of the patterned traces on a circuit board tayer. If a via is not placed correctly,

two or more individual traces can inadvertently be shorted together. Consequently, it can be

difficult to design and manufacture a circuit board having stacked circuit board layers.



spaced el ectrical conmponents are generally nounted to circuit boards.

I nevi tably, however, it becones difficult to fit all of the necessary
patterned contacts and traces between such closely spaced conponents.
Many el ectronic systens accordingly use circuit boards that include

| ayers of patterned traces |located at nultiple levels in the boards.
Such multi-level circuit boards include netal vias routed through one

or nore |layers and electrically coupled to one or nDrF Ievelz of the
atterned as_ can e difficult to | ocate because
Fhey need %’{Jggﬁﬁﬂ&@ﬁe@gﬁﬁgﬁm‘é’@ﬂ With nost of the patterned

traces on a circuit board layer. If a via is not placed correctly,

two or nor[@e4ndi vi Eiged 1t s aeeisotarnc vizadyed tiediid Yoabl st eevih©dejhfioned via
Consequent | it .can be difficult t deS| and manuf acture a circuit
boar d havi%éﬁ%lfeé’dﬁé‘&fofﬁail‘i?dwh FB&rod %‘ér"é e JBRIORIS DESCRY Ple N OF THE
DRAW NGS JFigure 1 is an isonetric view of a circuit boar
substrate[ ﬁi ng géj'ﬁ'éﬁei 4 R el A CE TSR FIEYVIP S &@E%P‘&’éﬂﬁ@@af\ﬂnofﬁ‘géﬁé taken

enbodi nentaff Iihdea daseliesepe-28] RORRfifELgUr es 2A and 2B are
cross-sectional side views of the ci rcwt board of Figure 1 taken

al ong |'i ngo@@si 2A argudki NG a?BroZﬁseci‘&fép?i@é lv}eed ¥ a %Q@e@ﬁf'eﬁa%rlﬁv%g'ﬁet@r cEaé:ldmg

cross-sectional side view of a dielectric |layer having netal cl
| ayers at t'&EHegaded topP HWPoBeNSEss si des,

[0007] Figure 4A is a cross-sectional side view of the dielectric layer of Figure 3 having a first

hole that extends between the top and bottom sides.
[0008] Figure 4B is a top view of the dielectric layer of Figure 4A.

[0009] Figure 5 is a cross-sectional side view of the dielectric layer of Figure 4A having

sidewalls of the first hole lined with a metal plating layer.

10010] Figure 6A is a cross-sectional side view of the dielectric layer of Figure S having

partitions cut into the first hole.
[6011] Figure 6B is a top view of the dielectric layer of Figure 6A.

[0012] Figures 7A and 7B are cross-sectional side views of the dielectric layer of Figure 6A

having a via hole filled with a dielectric spacer material.

[9013} Figures 8A-8C are top views of embodiments of partitioned vias and partitioned lead
lands.
[G6014] Figure 9 is an isometric view of a circuit board layer having a partitioned via coupled

to individual traces and sets of parailel traces,

[0015) Figure 10 is a cross-sectional side view of a stack of individual circuit board layers

that includes individual partitioned vias,

[0016] Figure 11 is a schematic illustration of a system in which a partitioned via may be

incorporated.



[0007] Figure 4A is a cross-sectional side view of the dielectric
layer of Figure 3 having a first hole that extends between the top
and bottom sides. [0008] Figure 4B is a top view of the dielectric

| ayer of Figure 4A. 100091Figure 5 is a cross-sectional side view of
the dielectric |layer of Figure 4A having sidewalls of the first hole
lined wwth a netal plating |layer. 100101Figure 6A is a
cross-sectional side view of the dielectric layer of Figure 5 having
partitions cut into the first hole. [0011]Figure 613 is a top view of
t he di el ed?FTALERVESGHPHQ@Ure 6A, [0012] Figures 7A and 713 are

cross-sectional side views of the dielectric layer of Figure 6A
[0017] Various embodiments of partitioned vias, interconnects, and substrates that include

such vias and interconnects are described below. The terms "via" and "interconnect" may
encompass various types of metal structures that extend at least partially through a non-conductive
layer and electrically couple together one or more metal contacts located at a surface of the non-
conductive layer. Such metal contacts may be located on the non-conductive layer itself or at
another layer that is above or below the non-conductive layer. The term "non-conductive layer" may
encompass any of a variety of non-conductive materials (e.g., diclectric materials or semi-
conductive materials), which may be included within 2 substrate. The term "substrate” can include a
myriad of electronic and microelectranic structutes (e.g., circuit boards or semiconductor wafers)
that physically separate and electrically intercouple electronic or microelectronic components.
Electronic and microelectronic components can include any of a wide variety of electrical devices
(e.g., transistors, resistors, capacitors, etc.) or systems of such devices (e.g., a Processor, a memaory,

etc.).

[0018] To avoid unnecessarily obscuring the description of the various embodiments, the
detailed description describes embodiments of partitioned vias and interconnects in the context of
circuit board substrates (e.g., a printed circuit board, an etched wiring board, or other type of non-
conductive core layer that has been printed, laminated, or otherwise formed to have one or more
surfaces of conductive leads, traces, or signal lines). However, alternative embodiments of
substrates may comprise other types of semiconductor materials located within a semiconductor
wafer (e.g., silicon, silicon dioxide, gallium arsenide, etc.). Likewise, alternative embodiments of
vias include metal vias that are located within one or more passivation or inter-level dielectric layers
of a microelectronic device. Such vias can also include through silicon vias (TSVs) for electrically
intercoupling opposing sides of a silicon substrate. Other embodiments of vias, interconnects, and
substrates in addition to or in lieu of the embodiments described in this section may have several
additional features or may not include many of the features shown and described below with

reference to Figures I-11.

[0019] Turning now to the Figures, Figure | is an isometric view of an embodiment of a

portion of a circuit board substrate 100 having a dielectric layer 102 and an embodiment of a
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having a via hole filled with a dielectric spacer material.

[ 0013] Fi gures 8A-8C are top views of enbodi nents of partitioned vias
and partitioned lead | ands. 10014]Figure 9 is an isonetric view of a
circuit board |ayer having a partitioned via coupled to individual
traces and sets of parallel traces, [0015]Figure 10 is a
cross-sectional side view of a stack of individual circuit board

| ayers that includes individual partitioned vias. [0016]Figure 1 1 is

schematic illustration of a systemin which a partitioned via m
ge i ncor pOP%{fi%(a].ei via 120, The dielect}‘/ic layer 102 can have a t(F))p side 105, a bottom side Y06, a via

hole 108, and first and second interconnects 110-111 within the via hole 108. In many
embodiments, the via hole 108 extends between the top and bottom sides 105-106 and includes a
first sidewall section covered with a first metal wall plating 114 defining the first interconnect 110
and a second sidewall section covered with a second metal wall plating 115 defining the second
interconnect 111. The first and second wall platings 114-115 can be formed from the same layer or
"deposit" as explained in more detail below. The via hole 108 can also include first and second
partitions 118-119 that bisect the via hole 108 and define a gap that electrically isolates the first wall
plating 114 from the second wall plating 115. The first and second partitions 118-119 can have
partition walls cut through a metal layer deposited along the sidewall and cut into the dielectric
material at the sidewall. The via 120 can further include a dielectric plug 122 or spacer layer that
fills the remainder of the via hole 108. The dielectric plug 122 can be attached to portions of the
wall platings 114-115 and can also be attached to portions of the partitions [18-119. The dielectric
ptug 122, for example, can protect the via 120 during subsequent manufacturing (e.g., circuit board
layer stacking) and can also provide electrical or mechanical isolation between the wall
platings 114-115 and metal lead land portions (described below). In other embodiments, the
dielectric plug 122 may be omitted and the via hole 108 can be filled or partially filled with a gas or

other type of intermediary material.

[0020] In many embodiments, the via 120 is electrically coupled to metal contacts that are
located on portions of the top side 105 or the bottom 106 side of the dielectric fayer [02. For
example, the circuit board 100 can include first and second metal lead lands 130-131, first metal
traces 134 (identified individually by reference numbers 134a-b), and second metal traces 135
(identified individually by reference numbers 135a-b). The first lead land 130 and individual first
and second traces 134a and [35a are attached at the top side 105 of the dielectric layer 102, and the
second lead land 131 and individual first and second traces 134b and 135b are attached at the
bottom side 106 of the dielectric layer 102. The lead lands 130-131 are coupled to the wall
platings 114-115 of the via 120. More specifically, the first traces 134a-b are connected to the first
interconnect 110 via the first and second lead lands 130-131, and the second traces 135a-b are
similarly connected to the second interconnect 111 via the first and second lead lands 130-131. In

several embodiments, the partitions 118-119 separate a first portion of the lead lands 130-131 that

e



DETAI LED DESCRI PTI ON [ 0017] Vari ous enbodi nents of partitioned vias,

i nterconnects, and substrates that include such vias and

i nterconnects are descri bed below. The terns "via" and "interconnect"”
may enconpass various types of netal structures that extend at | east
partially through a non-conductive | ayer and electrically couple

toget her one or nore netal contacts |ocated at a surface of the
nonconducti ve Iayer Such netal contacts nay be | ocated on the

non- conducti ve I |bself or at D ther |layer that is above
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| ocated on portions of the top side 105 or the bottom 106 side of the
dielectric layer 102. For exanple, the circuit board 100 can incl ude
first and second netal lead | ands 130-131, first nmetal traces 134
(identified individually by reference nunbers 134a-b), and second
nmetal traces 135 (identified individually by reference nunbers
135a-b). The first lead I and 130 and individual first and second
traces 134a and 135a are attached at the top side 105 of the
dielectric |layer 102, and the second lead | and 131 and i ndi vi dual

first and YAEoWRErt rHe8scopsension) Firpat Boaf devaist BeiRaly biverdraisp sblenHasreuire a
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board | ayer. Mst conventional circuit board |ayers typically have
design rules that require a mninum|ead | and di anmeter correspondi ng
to this overlap tolerance. Such design rules can also establish a
preferred spaci ng di stance between individual traces (i.e., to
conserve surface area). However, at the portion of the circuit board
| ayer where the individual traces are routed through separate vias,

t he spaci ng between individual traces exceeds the preferred spacing

because the r ired dianeter of the lead land is nmuch |arger than
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| am nat ed, pa@bmelHesodtsSan BORRRR)N. ThOdiSRMBE BleralPagl DBRLR, cdnlR a substrate that has
dielectric |layer 102 can be part of a support base for a
doubl e- si dgn eierfakijcates gag cesyedividedl perelrmed helestcactsperfding tegheshapsrof the first
doubl e- si dgflk. ﬁjorcui t board layers. In other enbodinents, and

0

dependi ng on w the dielectric |layer 102 is used, one or nore of the

cladding Igyess 149,14 € Qu i Lehgetric | ayer
102 is use[g aé a si Ir%gfklse- s?g;é (Si‘%g(b:rhalt] ?j q%gg‘r}"gﬁfhaeféerk%cﬂ%llg%egé?ﬁg%éﬁ?%m%ameta!
is a crossplgogt lkemadl0 ghadeovirewheofidewed! pirddrmdta-165 lofiyier fil®okf t68r The plating

formng a [B}';eE ?‘}O can be a material such as copper, aluminum, or an alloy of the two that is deposited onto
the sidewall portions 164-165. The plating layer 170 can be formed using a process such as
clectroplating, electroless plating, or other types of thin film deposition techniques (e.g., physical

and chemical vapor deposition). In several embodiments, the plating layer 170 also covers at least



hol e 160, including a sidewall with first and second sidewal |
portions 164-165, by a first patterning process. Figure 4B is a
top-view of the dielectric |ayer 102 show ng a shape (i.e., a circle)
of the first hole 160. The first patterning process renoves
dielectric material fromthe dielectric layer 102 and can i ncl ude
mechanical drilling, laser drilling, or mechanical stanping through
the dielectric Iayer 102. Mechanical drilling processes use an

aut ormat ed dr|I anJmchl ne having a drill bit that fornms holes in the
di el ect ri CF &Y didPieelprotialted>rdedrrons of the dlatiagilpier Ag0 and the cladding

processes pakt ON4R, @ SLAE, icgn b@M&B té B tfd I&uﬁ %dé ?s‘-hhizq%d Bidbes 134-135 (see,
instead use a laser in lieu of a | aser abl ates

portions of2-tH@rdi2é-Bktric |ayer and thus creat es relatively smaller

hol es than nmechanically drilled holes. Mechani cal stanping processes

can al so H80Zkt onali&de aids predstrepstiohiésids dewfof hestahge mef metbhdiniecioe \ayer 102
punch t ool i t, diele

t he di el ecf'(tJ ?”ngﬁy%‘g{r@ tmgpﬂﬁga\?r‘[ ﬁ 8Hg@g£tﬂ§é ef?%l{eh %vgéod&swrg %ﬁgezg{’ffg%t%g]ﬂgi %mcess'
| ayer 102.Fighrhel ismtopeiaw pigthprlsbesisdayec 2 showging deshapgrdfolesparjtipes 1 06-119 (e.g.,

pat t o1 ni nge AN b d ERRRh R dh LY b TE PR ERRE RS hn p SHTRETICR e

conpri se sewndputusipprobas ke subeddratiegs oft the plhiiiShypatd eomi tﬂ@ﬁrst hofe 160. In
processes ma i ncgr orafe thedwel | devel ogsreg hem cal etchi ng

| i t hogr apHy™" H@% F R R OEE FURESY lUgrets remﬂi"%*od‘ekei’fnﬁt%‘i“al from the
enbodi r’rentd&;]ectrhelaf'drrmz pahé %E(ﬂ)lnﬂlQaaﬂérﬁﬁg%ﬁodé@,ncalﬂeal%nré%@\@ poHiéhs of thc plating
dielectri can be a substrate that has

0

pre-fabri %%ﬁ%a?{é ‘%ﬁ&[ﬂﬂﬁlﬁg)ifiw?&ﬁ \Pddkifrogy et gpdrbattopisiss @mqné@;ﬁdﬁvdﬁlnlgctnc
to the shager @R thdd@refddfaddnt BoMhe MQ@HS[IQ@Z?& Flhgb’\re?ai 5.m'o§d1ﬁ1 nts, th second dttemmg
cross-sectional sjde view of tﬁ dielectric |ayer fe ?‘ormrﬁj

met al  pl atPFIsEssICaR ks simiier to aha firsionatiersing peocsisdiamticl semﬂmaumngpﬁomess@sgmms the
the first jhohsl1B0; 1| I BMC

copper, al lum nSm g; ﬂ;ﬁ ag e@i&.’;ﬂ?%?&ﬁ%%fy b\%@%rﬁﬁ)@ SPEW g%% J’ ﬁﬂ ont or}:tohg‘ample
si dewal | o ereoh SredigricaloBillingh &sgl daitlinggmbchyrgeal itampmgmrmeerhma readling bk used

a process | es tl n th t ypes
o "t hi 1 17 MR PHRERTIC PR B8R} BRGORRRT R ool el
deposi ti orfipm thcnduslemtec alyerdii®odi ment s, t he plating |layer 170 al so

covers at least one of the cladding |ayers 140-141. Stacked portions

of the pl dt2pg | aﬁgur&?ﬂéx and lﬂﬁerecdrea(ildlzdmgndl ayRrseddaf Meldlelfe&hc layer 102 after

exanpl e, e lead | ands, 130-131 and trac
134-135 ( g@&‘g?*ée gt f?"qﬁ’: @u‘?’@é %i 1¢ spagey B iy e 1A djedecyic spacer Fmaterial 190 may
Cr 0SS- seChbt anah-cedd@ive iigNhaf is he1e by isa RO LRsidDR thé l‘-ahﬁ"% gi&l legraﬁd ﬁ'l& lvﬁM?Sfthe
102 forned bﬁﬂwﬂé% gg the partjtions 118-119 in P ifst hole

n

using a sé¥Y ihgther seeediments, gog diclsgric spagen wptetipldRO df atchleformal and
di el ectri god-gon@hictilOBing HAWs REpRit&N ARG RTisd F AL tHelv: aoigﬁ ] -119 (e.g.,

rectilinear) of a partitioned via. The partitions "general ly
correspongys@ SectianRs 88 lBe »8e5Rnss P

r emoved p(q)brtlpjons of t mg\h lattn éyé@ ?B?’O e&?%?%gh@%?ggﬁﬁo%&lgaed’Ie‘{cess
many embodiclpeife S“atﬁtrﬁbl%)e‘@eﬁu q@gﬂ:d evomipregsepr poessed, ur bthenvisecrmmeest from top- or
dielectri e ' a 02., The secand .
pat t er ni ng mg&eigérg{g%@qyg ?Iglﬁgbgq%t 2on)s‘\‘las&fght %[atf)rf% ay?lrglgﬁaa}rllgrthi%ddmg
and the claaddTﬁglﬁliawrlse ]Qﬁlt&rdediltoffoﬂmthmﬂbﬁdamﬂst~ﬂBmaﬁdi die= pexet it ®N8350f The

t he dielet i e 1 are dj acen artitions 118-119.

I'n severaﬁ ere?r@(c)cil rr{elr’1 2% 161 %f‘é‘mgla VP ”h@ "&i E&Ogm@'&ﬁ E’@ @i |pgiterned,
to the fi rfateiopaitaaﬂmungaqmmgeaaqedbw crbdie use e P@' datht eAd39IaRdsOBESS | and the
augnent s t he H) @‘t hol e 160 to have a definabl e boundary between the

si dewal | Pt S{&8- Y85 Wk drégishbl e, any one of mechani cal
drilling, laser drilling, nechanical stanping, or chem cal etching
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10030] Returning to Figures 2A and 28, after the via hole 108 has been
filled, excess dielectric material 190 can be etched, conpressed,

pl anari zed, or otherw se renoved fromtop- or bottomside surfaces of
the dielectric layer 102. Also, the plating layer 170 and the

cl addi ng | ayers 140-141 can be patterned to formthe | ead | ands

130-131 and the traces 134-135. The dielectric layer 102, for

exanpl e, may be covered in a photolithographic filmthat is

patterned, developed and subsequently etched to create the shape of

the | eads I"8%ds 136mbedimsng of Hes pardiicsgd Y8420 38 haveqny of iaavide watietppf different
dry etch). Ehhogi

o o wi b SaPC ey oo pRey oo peUithE DL bt RO MhE R dgRP R B e of
nmodi fyi ng #henbopigisat ef anteliptighlayih2d0chayids a piirgity ef @Wptlcsilﬁsegmpntvd Bad bhds 230a-

o e o alioBBg choddl (5 2oy BERAGPUIDGifh PLAULAILLN Bliing ogttom 280 can

260 and paioth tfguo rsenmtts pEu‘BiifnTgregloosF 0¥s2Shazpesn chut l‘eam@nqna:lat{)edrdn 12 8)s edbodiment,

form four Iy |t|o ons

D Som o | R RADE EaP B R S e S B R R p T b b st o ISR i the
el ectrical lemblamiadﬁi}aemsAh o hxaaapcta chutetsmaarpdndvawwym K@iz la@Bfality of lead
| ands 230a] gure 8B is top view of a via 320

er exa
having a pfUft éﬁ%f@ BF "PEHPFY ”3’3@@5 dAtpﬁatf‘gor‘Fa%pezQ s Paerd &rapehedacutting

pent agon shap@dsheiefodddiandpaath g@ﬂﬁb‘{?%g%g @5319543635&1%&'1)/ %@ﬁlreﬁﬁ@ ﬂieollegﬁ lands
five separate partition regions 350-354 electrically separating t

| ead | ands®>8%6a-cconingbn d'il%awtmft Fréiopad St alopel nSvaseciEsd camﬂeetwn to be
up to fiverpl@adhdioh e GPBNECH AMEr LRALOEMERU R4 s%@"t'&t] l nragm\é%/fﬂa\)%%qqer ypes of
ot her enbodi nents, the vias and | ead |ands may have ot

circul ar, @ickippefiptral, privspgaindippesHapes tiasly, 2 Sauaw,laahfgtbgm atcs)qmaeroe;blratzons
hexagon, differ

conbi nat i glhgre%ff Iggd&ggrﬁﬁ?ﬁ%[%a?gog%%%ggﬁcarp a{)é}nﬁggc? ¢ 335 R AF é‘s‘? ta&ea?eélodes"'ec{
hol e shapehoty shapmiyerungfer wéwallmlaamgmgm@ﬂhamgletshaaehdrce eskra;pe FiEtﬁE 8C shows top

exanpl e, Fi.gur VI ews tri,anqul ar u

hol e 560, Jan O%%Ian Lg[g\g%’] e 6Bl l'l?jftsaéﬂaﬂpg a %tﬁgqnchoﬁ%%%@at have % bech formed by
mechani cala mbcampcerhgtampmgqs&essus{l}s‘i@ thb earseadTRult daul@g., ﬁh&ﬂalm&tebrgaser) a second
nmechani cal a second a ter nl%?aépr ocess can crea

circul ar a"&ﬁ?‘%ﬂ? &9 r°)8$’? %‘Sﬁrﬁaﬁaﬁ C'y‘i” dusip n ¢80 dhas sl diaiiee ﬁ?l%i‘quﬁhtj%” platings

414- 416 i niithies b ihangiubdb: ROE 860480 séfarkc WAPRRRIS sY@sh7 m @b 5= hole 360, and
514-517 in_the square hole 560, and five separate wall platings

614- 618 i N EHPHE %bﬂawwﬁétﬁ in feyodeembelePéent s of partiti oned
vias can also allow for a variety of configurations of traces, |ead
| ands, and"®&¥her chnbetinens of partidepsdrdesetap sepueléy fQTrfoug“FﬂBaOf:@mﬁgnratlons of

via h0| e. tFls, @S@-%h? anfT G RotadiS 1P b %%Qﬂgﬁew o teM'tﬁ‘\rm}%? %oxﬁ%rt Iv(?a hcﬂf For

a circuit board [ayer 700 having a dieléctri'c |ayer
enmbodi nentexnplg itlsqraﬁgmlatsms!ﬁape@\wqfai PO OThe:udulebmcﬂ rawer 10ayeving @ Aielectric

can inclu t 708 .t hat. . t|t
716 YR Al R URRE b 0l haiRP b NN vid PR BRI P PRagen gy
separ at ed st;ty shapeld wiadhsé 7p&nhat tincduaiss iﬁdrﬁaﬂrikgi'l?amd e \flmmzﬁneﬁn inkGldel et wall

dielectri c The via,’2 Q, be | east
partial |y P&GP gsg{}%:ﬁé tﬁi‘? ¥y P%Ej\ﬁdal?y iy GFHH%T taqnsl7éac?1$’a?ﬂﬂism%(§““7’3fl include a
that are |dgatreohled (mppl(ﬂﬁ)vrt)e Thcdes 70f mhgh@ls&l'b@'aﬁ(éh:ft'p%rtlaﬁy%ﬁrrJuQaed ﬂa)ntnangular
this exanp the v n electrically intercouple 1ndivid

nmetal tr aéh@”di‘é“&ta%%? BR 7s3§t7§ L gfat pg fogpied A qpapsile sidenefdhe fﬁSfFﬂVlBBWGFVGWCFﬂ this
are separ akagbié, "tl‘ﬂm1@@E‘dﬂcaméle%trlchlﬁﬂgtegb%l@ﬂg% gf metmo&a%@#%@? ’/t_fggné Ee%seoq parallel

di stance d) does not increase he sets of traces
t hr ough t Heeta)itigcdyol3é- 7?@,8“’1“6%&{% Stgaftfﬁtn@ fromreaght by adixed dctiahétercbntl*ﬂcadbly, the fixed
' rrp(adance)dmtdﬁgecgr Qbégg.%c)( indr %heHQEe se‘% ?FErElgem?%?(\?ggﬁP%eQ{éFgﬁbH} hda hole 708

electricall coupl ed toget r I'n single- en



[0033] I n other enbodi ments, an individual circuit board |layer or a
stacked system of such circuit board | ayers may include one or nore
enbodi nents of a partitioned via. Figure 10 is a cross-sectional side
view of a circuit board system 800 havi ng individual circuit board

| ayers 801-805 or stacking |layers that are intercoupled by one or
nore partitioned vias 820-823. The stacking | ayers 801-805 have

i ndi vi dual surfaces that include traces, |ead | ands, and other netal

contacts that. are electrically coupled to an above- or bel ow| ocated
stacking | AupRER RN RGP hsiinehe Aadhglomssy o dler gfonponens
vias can beanfterhedicalfyaougdigtiter ibY sihglRMidATashioal ek thCind®idablitatests 02 or
one or m)r(g Qof the st ac#lq gag I[a%ers ?01- 805 and creating a via hole

that ext end&CERHAYNNELNY BERs el B3Es 8F7-Fife SHCaRIELARC ICRPBP SNy for SugpRle may be
one or norguekedidepytBitedides onthack&il W&AUSL: A2, any one of the stacking

| ayers. For exanple, the vias 820-821 are "blind" vias that are

al i gned wi fob33Tet al 1,¢emtaghiSodiridaks, ah EndinGat @i%uﬁ?boﬁ@efa%érro?‘zl'ﬁacp&a{ygetn of such
| ayers 801 and 803l respectively. The via 822 is a "buried” via

sandwi ched et Reass layere may inctiide opRimepre gy adimeupolampartgioned vimeFigira 18123 cross-
is a "t hroughorBodi® vivih 3 b RatuiehGRE §ieal dol ni _
bottom si deslgf tlhewsyst em 8u(])0. I nysteveregl ﬂ%@gﬁﬁhféfCL?ﬁgérQEag?g%o1 805 or
800 can f uftskde 19| i aradintreoepled by peemdrraere neytitiengd rvias®20-887.1 The stadheng layers
top and bogdoimsSiatles  Rf tem: 1.ons the |lamnating |ayers.
870-871 may exposae el ecdtu%?%é y%éﬁ{pé%c?@eﬁhg%’ @génialncrllsdaﬂ%g} hgt '(I]‘Stlagwg%l/sé]?m are
ni ckel pl atléatirallnyeiple@50 ahtaboysr ev beivwilapied souliiniatayanhatiglc opper mbasethe vias

cl addi ng Pphating.layers). In many enbodi nents, .a variety of,
el ect roni gﬁg}rﬁlr}ﬁ t(I:‘]}J(;\gFuea?t 'ra(s)ﬁ%ncbecgé%%&;)éoﬁﬁar%‘ﬁ%rggt“fr%‘ﬁ%g?%‘#‘ﬁ@afe&ﬁl fgpm one or
bot t om si desrcof thchackys tagens 80080 Amdedr@hg ©RiahoRARRRRRAES thfAkh 8XSHIPIR of the
may have one,or nore contacts that are electrical lY coupled to an

0cC

one of theS[%C§55§%y§rsc%nLP‘§ﬁ § °8F % s Ofisihe mesh gortaecty atgy aW'?YeOYlﬁdﬁd{m@}aCki“g
or sol derilag)s. Hof eRdni}a¢, (RMAQORITEIN Sire BRI SHSLRMBORi h ACWHI ER RSBl hat are
fewer circuit board |ayers. [0034£Any one of the partitioned vias or

cor r espondPFFdcitr Bei b apd layrey 801aad B aespatsyoly. withd viaeBr sn dburigd” via
Fi gures 1-ghQueiaitdeicat MeRaEAE Shd Wangf [i2d29%; e vi
nore conpl ex syst err% 6990,6 a re%%édsg fg?{?)\/ggﬁé&% gyé &ﬁ?gﬁ'&l Asq@%g%l\]mhm via that
schemat i call§oyrichlly Piegepuples fhe tThendshdtomni@s 0f dwrsyiters 1806le lasqrat asisaiments, the

nput ) out ot Bevs cac By PRI bt OB o8l BB L SRR Lo 0L sides or

El ectroni dhtiﬁwsie@es Plrmisbnb@f itmlaundmggg' ﬂnyammm;S?t Inexyoaacamf&n@wtﬁcgs benMttd Mat can
Figure 11.. re ting. tem erformany of a wide variety
of conput i”ﬁ(;gql,l epar%jiééasnsdijoﬁglf&gf%?tg’é ?yeégﬂds]%‘??re?'%&\pﬁg%/x’%E‘OBPF]&?PPEF based cladding
functi ons.anAgtdngliaggby, Innepiyesentiateniéa Sa/r&:'t)ecﬁfﬁef&&@nib%'nﬂ%eleé’&ow&%%ponents
limtation, o nigc ters or ofher data processors, for exanple, desktop
conput er s,*% %g‘f’ § '@ rrgae aF Lot pidespfthepypirm 390 e dn GhsHADREPEPEYS fsgxample,

(e.g., palnayliape 6QNGULEESontdRAHEDAS cCONBML&ORplod & il AE oPTneMRPALE contacts of
phones, personal &Sbgplft al assistants), nulti-processor systens,

pr ocessor -agagn Hgratiaabind ingon sudrsingle| e etheoem ksljmenet, Werskstem 800 includes

conput er s, @06 Aivid SRPHIBL BverSt her representative systens 990
i nclude caneras, light or other radiation sensors, servers and

associ at edpgaf ver AUy dispd ay. dev .0r .mepor evices. .
Corrponentg of Tt he system 993 aFrtaf B(!e@‘ﬁ%%s?h% %ﬁ’“‘é{gé F‘Ecgﬁngoéﬁiﬂfy%sr &¢ribed above
di st ri but edthovigreneaitothigires, 1-1 theasrtednevemisel wii 215 ,0of @ nguriad toh tadgeg br More complex
comuni cat] t can_accordi ngl.y jnclude C or
COMTUNT CaLL00, B8 MGt CAIRNENE S £, BRSASAUNIE . | PR Sl 0
conput er - ceadialpties prdesaor HOOSMERbGROL heg f SREVODRAM,| ttlash bil othR® memory device),
appreci ated that specific enbodi nents have been
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descri bed herein for purposes of illustration, but well-known
structures and functions have not been shown or described in detai

to avoi d unnecessarily obscuring the description of the enbodi nents.
Where the context permits, singular or plural ternms may al so include
the plural or singular term respectively. Moreover, unless the word
"or" is expressly limted to nmean only a single itemexclusive from
the other itens in reference to alist of two or nore itens, then the

use of "or" itzu?uclé a Ii9§ is to gg interpreted as including (a) any
single itefPrP e PreE, ?’b?f AT SOSXSHES T eTPEPPRIETEY | Blectrgic deviceariyay be
combi nat i othchitied @n} bEMNE cblﬂﬁ&rféﬁtskh&bn inAGglird 1 OB ¥sutdifdCsybBH 90 can perform any
"conpri si ng" i s used. thrqughout to nmean Including at l'east the

recited fe8t dr &%) Y&Ebh of eAMPIHYE, gPraeRsErs, nHiprBess S§RSOLhénagiie dreethen dinctions.
and/ or addirtécrniadly,t MpRSerhivOtHREmE SRL Hfide, AlRhAIRLI; u '

al so be appreci gét)éd tphatn slgecs?f ing enboé:i rr%’nt gh&hlgvherméagglr’f gﬁg%urt%r%)g\émgtéer data
her ei n f or PRERSHES eler gkample.udeskigpi eomphigts, dantp scamputus Intedicf iapgliancms hand-held

may be madg.yMel i L& & | : e l.e, many of = .. .
the el ements of tyog;’eﬁa e.rrb@d?drlrleﬁﬁ% rscsig}r%h %@E ((::ggﬁé)tl}tﬁrgécf e\flf\n‘ﬂ%rhorgﬁ Ue PRt ey gieie
i n addi ti owsisentslormili-precessonfsysitrhe phesenbasedfort hegmtieble rbodinee Bl&ronics,

eharms R RS OER Aol Thiborhlerh PsCEr iR SRy oby RoRBPERERS, gt or
non- conductthereratiiay@r sdnas,ngreerd o adsckdared sdrodt QBYSiledR, dBRdy Aertad, POKRmory
ext endi ng ge%tlc\évsee X t r{lje ttoﬁf gnd boté? m Si d?‘s and including a sidewall _

having a fiTst seCth O AR "QISEELRE W Engred I HRals vhibprestjhused over multiple,

i ncl udi ng @atetdonsdetetiedrits, kgL ah@AgHN&CErwhiidalodsNBet bR | h@o%p_@ﬁ\enish&}[n];]wc%ingiy
e

section of, th% Isiagewal | and a second netal interconnect wWithin

via hol e ofCHffe8d PAYNYE MY SiPragh devdses @nhrmy, ofvharids yarieheofsienphigr-readable
metal intenediminect is electrically isolated fromthe first netal

i nterconnect; first and second | ead | ands on the top side of the

non- condu C?i}sﬂ | ay efom e rdrédofle, aNdi1P € nggrﬁéiﬁaﬁi the r&gﬁciﬁce le18og i{n cenis have been

electrically isolated fromeach other an elng in direct con
with the fieibedhgeiadergwaposestadlillyshatonclon mettksown esparts andIfynctibiserave not been

first and gecrpBdddeadqliands:) al ax'o?cﬁ%ape%a}ii ac!blséﬁn‘?a? 'illréeo egg-llpgslgatgka g-nfa epmpdiments.

partitioned via; and first and second traces on th
non- conducWnere theagpatext pirmits,i singlaarnd phied ontls g abss ibeidigiht RIedee ki@l term,

contact w ex .ng, away.fromthe .first and second | ead | ands, .
respect i verF%,e &&El‘g.r eLf/lﬁHe? k‘% 1|(’131F’:‘1’§'t the Y8 a0 iy eﬁ%cfsé{} bRttt fo Rt PRYY & Hegle item

first and selogndirbreale btaerdissmsain defefeacef to rasitst anGhoS@GAGE ifer3CHBEN BEise of "or" in
general l'y sﬂ&”z‘?ﬁ&r?set%%% igtrf]:tdprqu&/a% iglc ﬁdiggagl)a artlyhslir(l:gifeni?esls in the list, (b) all of the items in the
list, or (¢) any combination of the items in the list. Additionally, the term “comprising” is used
throughout to mean including at least the recited feature(s) such that any greater number of the same
feature and/or additional types of other features are not preciuded. It will also be appreciated that
specific embodiments have been described herein for purposes of illustration but that various
modifications may be made within the claimed subject matter. For example, many of the elements
of one embodiment can be combined with other embodiments in addition to, or in lieu of, the
elements of the other embodiments. Accordingly, the invention is not limited except as by the

appended claims.
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2. The substrate of claim1l wherein the first netal interconnect is
separated fromthe second netal interconnect by a gap within the via

hol e. 3. The substrate of claim2 wherein the gap is at |east
partially filled with a dielectric material. 4. The substrate
of claim2 wherein the gap is defined by at |east two partitions cut
t hrough the sidewall of the via hole. 5. The substrate of

claim4 wherein the first netal interconnect conprises a first
portion of a metal l|ayer and the secqﬂg ﬁﬁ§a i nt erconnect conpri sing
a second portion of the netal |ayer. 6. The substrate of claim
5 wherein the netal layer is further located on at | east one of a

t op- si de ﬁ%rtlon and a bottomside portion of the non-conductive

| ayer. eclaip; The substrate of claim1, further conprising a
stacking layer having a netal contact that is attached to and
substantially aligned with the | ead | and. 8. The substrate of
claiml, further obmﬁmk&ﬁngmadsnacking | ayer attached to at | east one

of a top-side Fortlgn anq QLt om Sld ggm£|on of % nduct.i

| ayer, the par - F%lnucdwe ayer fiavige d ngsf R onj F']Fle and a v;a @%ggendlng Between

portion of the stabkiopgnd ayein sides and incQuding aCsl:d’e@zlaillha\bﬁ)@.ﬁ €éirsC o @idrgedond
partitioned via haV|n%

a partitioned via including a first metal interconnect within the via hole on the first section
of the sidewall and a second metal interconnect within the via hole on the second
section of the sidewall, wherein the second metal interconnect is electrically isolated
from the first metal interconnect;

first and second lead lands on the top side of the non-conductive layer, the first and second
lead lands being electrically isolated from each other and being in direct contact with
the first and second metal interconnects, respectively, the first and second lead lands
at least partially surrounding the partitioned via; and

first and second traces on the top side of the non-conductive layer, the first and second
traces being in electrical contact with and extending away from the first and second
lead lands, respectively, wherein the first and second metal interconnects, the first
and second lead lands, and the first and second traces are generally homogeneous

and have the same thickness.

2. The substrate of claim 1 wherein the first metal interconnect is separated from the

second metal interconnect by a gap within the via hole.

-

3. The substrate of claim 2 wherein the gap is at least partially filled with a dielectric

material.

4. The substrate of claim 2 wherein the gap is defined by at least two partitions cut

through the sidewall of the via hole.
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a sidewall through a dielectric |layer defining an opening; a first
metal interconnect within the opening; and a second net al

i nterconnect within the opening and electrically isolated fromthe
first interconnect; first and second | ead |ands on a top side of the
dielectric layer, the first and second | ead | ands being electrically
i solated fromeach other and being in direct contact with the first
and second netal interconnects, respectively, the first and second

| ead | ands at _l eas pa tially surroundi t he o peni ng; and fjirst_and
second traces’on t alej o Sl 4 per ebﬁ*@? frst wptal intgrraRnect goanprisgsyfirspgrtion

second t pag ﬁﬁtabﬂyeﬂgmﬂ Fhe@bdoR@ nefd Hid€dnn¥¥: bdinfridenglal se&dnd %8@105 SEMB eheta® AGler.
| ands, respectively, wherein the first and second net al

i nterconnects, the first and second | ead | ands, and the first and

second tracesgare %%Eﬁ%&%fb%ﬁ’@%@ﬂéﬁl tﬁé‘ﬂd&?{‘é&r‘i%ﬁﬁé%a&ﬁ boft %ﬂ@%%one ofa
10. The circuit board of claim9 wherein the via further conprises

di el ect r ite-piarprticrand whereniide mertion pEihe aprdcandedivd ldyat er connect s

contact separate portions of the dielectric plug. 11.The circuit

board of claim 10 wherein the plug includes a partition region that
separ at es t he7fi r stheisnbemorinéen If fupihet dverpsiciog adtaclit e lgarneds.a metal contact

that is attached to and substantially aligned with the lead land.

8. The substrate of claim I, further comprising a stacking layer attached to at least one
of a top-side portion and a bottom-side portion of the non-conductive layer, the partitioned via

further extending through at least a portion of the stacking layer.

9. A circuit board comprising a partitioned via having:

a sidewall through a dielectric layer defining an opening;

a first metal interconnect within the opening; and

a second metal interconnect within the opening and electrically isolated from the first
interconnect;

first and second lead lands on a top side of the dielectric layer, the first and second lead
lands being electrically isolated from each other and being in direct contact with the
first and second metal interconnects, respectively, the first and second lead lands at
least partially surrounding the opening; and

first and second fraces on the top side of the diclectric layer, the first and second traces
being in direct contact with the first and second lead lands, respectively, wherein the
first and second metal interconnects, the first and second lead lands, and the first and

second traces are generally honogenous and have the same thickness.

{0, The circuit board of claim 9 wherein the via further comprises a dielectric plug, and

wherein the first and second interconnects contact separate portions of the dielectric plug.
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12. A computing system conprising a processor, a nmenory, and at

| east one of an input device and an output device, wherein the
conputing systemincludes the circuit board according to claim?9.

13. An interconnect system conprising: a circuit board |ayer having

a surface and a via hole that extends through the circuit board

| ayer; a first nmetal interconnect within the via hole; and a second
nmetal interconnect within the via hole and electrically isolated from
the first interconnect; a tal contact at the surface of the circuit
board | ayer, wWheref§f Pﬁ%“trrg‘?”é‘f of srmady verqip dhg plyaripslagesy ByPHYUEEEN that

the via hepLatetfitlshRri@hdct GORLRCIecdrd iRbR6idetcal | y coupled to an
opposi ng surface of the circuit board | ayer through the via hole and

has a first portion electrically coupled to the first netal

i nt erconnect q‘ﬁ‘.d aA%@ﬁQMg&?Etﬁhpﬁlr@Iﬁ?@%%ig%lagsgrr, g‘ra#:%agﬂ taﬁtp attlai@t eGP Qr_qinput

metal interconnect but electrica ted Irst portion;
a first rdeviat and arceitput dendére ohensint the canputiog sysbonindlutiesytbe ciagudt boad pheuding to
to the fifst gportion of the metal contact; and a second netal trace
attached to the circuit board | ayer and coupled to the second portion
of the nmetal contact, wherein the first and second interconnects, the
first and secqu portions of the netal .contact, and the first and

re

second traces B HEFEGC RETEhERBEYS Sd have the sane thi ckness.

14. The i nt er aenBEc boasy Bly@MadfngCl Aairfatelid whed Bbla tidd extbidsShroagitkhs eGanitboard
metal traces are IPcated on opposite sides of the circuit board
| ayer. ayers

a first metal interconnect within the via hole; and

a second metal interconnect within the via hole and electrically isolated from the first
interconnect;

a metal contact at the surface of the circuit board layer, wherein the metal contact at least
partially surrounds the via hole, and the metal contact is electrically coupled to an
opposing surface of the circuit board layer through the via hole and has a first
portion electrically coupled to the first metal interconnect and a second portion
electrically coupled to the second metal interconnect but electrically isolated from
the first portion;

a first metal trace attached to the circuit board layer and coupled to the first portion of the
metal contact; and

a second metal trace attached to the circuit board layer and coupled to the second portion of
the metal contact, wherein the first and second interconnects, the first and second
portions of the metal contact, and the first and second traces are generally

homogenous and have the same thickness.

14. The interconnect system of claim 13 wherein the first and second metal traces are

located on opposite sides of the circuit board layer.
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15. The interconnect system of claim 13 wherein the first and second
nmetal traces are |located on the sane side of the circuit board | ayer
and wherein the first netal trace is at |east substantially parallel
to the second netal trace. 16. The interconnect system of
claim13, further conmprising a nmetal plating |ayer that at |east
partially covers a sidewall of the via hole, is electrically coupled
to the first portion of the netal contact, and is electrically
i sol at ed froanhe %econd portion of the t %
. he interconnect system of claim 13 w ere:n t e first and second metal traces are
located on the same side of the circuit board layer and wherein the first metal trace is at least

substantially parallel to the second metal trace.
16.  The interconnect system of claim 13, further comprising a metal plating layer that at

least partially covers a sidewall of the via hole, is electrically coupled to the first portion of the

metal contact, and is electrically isolated from the second portion of the metal contact.
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