-1 - CONDUCTIVE VIAS HAVING TWO OR MORE ELEMENTS FOR PROVIDING
COMMUNICATION BETWEEN TRACES IN DIFFERENT SUBSTRATE PLANES, SEMICONDUCTOR
DEVICE ASSEMBLIES INCLUDING SUCH VIAS, AND ACCOMPANYING METHODS 5 TECHNICAL
FIELD Field of the Invention. The present invention relates generally to conductive vias for use in
circuit boards, semiconductor dice and wafers, interposers, and other substrates. More particularly, the
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Field of the Invention. The present invention relates generally to conductive
vias for use in circuit boards, semiconductor dice and wafers, interposers, and other
substrates. More particularly, the present invention relates to conductive vias that have

10 two or more conductive elements that are spaced substantially the same distance apart
from one another as are the conductive traces that electrically communicate with the
conductive elements of the via. The present invention also relates to methods for
enabling electrical communication between at least two electronic devices using a
circuit board using such conductive vias, and to methods for establishing electrical

15 communication between at least two electronic devices through a substrate using such
conductive vias.

Discussion of Related Art. Circuit boards (often referred to as “printed circuit

29 ¢

boards,” “wiring boards,” or “printed wiring boards”) are used in electronic devices to
mechanically hold and to provide electrical communication between the electrical

20  components thereof. Electrical components such as transistors, resistors, and capacitors
may be soldered into a circuit board and electrically interconnected by electrically
conductive signal traces formed within or on the surfaces of the circuit board.
Semiconductor chips, semiconductor chip packages, and semiconductor chip modules
may be provided that include a number of pins, which may be inserted into

25  corresponding holes in the circuit board and soldered in place. Such chips, packages,
and modules may include, for example, microprocessors, dynamic random access
memory (DRAMs), static random access memory (SRAMs), and application specific
integrated circuits (ASICs), and may each have hundreds or thousands of electrically
conductive terminals requiring electrical interconnection with the conductive traces of a

30  circuit board. The electrically conductive traces in the circuit board are used to

interconnect the semiconductor chip devices and the electrical components.



Discussion of Related Art. Circuit boards (often referred to as "printed circuit boards," "wiring boards,"
or "printed wiring boards") are used in electronic devices to mechanically hold and to provide electrical
communication between the electrical 20components thereof. Electrical components such as
transistors, resistors, and capacitors may be soldered into a circuit board and electrically
interconnected by electrically conductive signal traces fopmed within or on the surfaces of the circuit
board. Semiconductor chips, semiconductor chipé)geiggﬁ%?@cﬁ%semiconductor chip modules may be
provided that include a number of pins, which may'be’inserted into 25corresponding holes in the circuit
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"voltage supply" leyerdeqstandl, atdedsttive ground or bias layer, and one or more electrically

conductive signal layers that include electrically conductive traces. For example, one
or more signal layers may include conductive traces generally extending in a first
direction, and one or more signal layers may include conductive traces generally
extending in a second direction that is substantially orthogonal to the first direction.

15  Additional signal layers may also be provided that include conductive traces generally
extending at an angle to the conductive traces of the other signal layers.

Other relatively smaller circuit boards may be used in, for example,
semiconductor die packages to redistribute the pattern of the bond pads on a
semiconductor die attached to a first side of the circuit board to a different pattern of

20  electrical contacts on the same and/or an opposite side of the circuit board. Such circuit
boards may also have a layered structure, and the conductive traces may have a custom
pattern configured for the particular semiconductor die or package in which they are
used.

To provide electrical communication between the electrical devices and

25  components through a circuit board, it may be necessary to provide electrical
communication between conductive traces in two or more distinct layers of the circuit
board. Electrically conductive vias that extend through the thickness of at least one
dielectric layer of the circuit board are typically used to provide electrical
communication between the conductive traces of different layers or planes of the circuit

30 board. A conductive via typically includes a hole at least partially penetrating the
circuit board. After forming the hole (by drilling, etching, or other known technique),
conductive material is provided in the hole. A conductive trace on a first signal layer

and a conductive trace on a second, distinct signal layer may each be electrically



10 one electrically conductive ground or bias layer, and one or more electrically conductive signal
layers that include electrically conductive traces. For example, one or more signal layers may include
conductive traces generally extending in a first direction, and one or more signal layers may include
conductive traces generally extending in a second direction that is substantially orthogonal to the first
direction. 15 Additional signal layers may also be provided that include conductive traces generally
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used in applications requiring extremely -speed signal transmission and processing. Differential
signals are signalsatitatsarsed to carry a “true signal phase” and a second trace is used to carry a
15  “complementary signal phase.” Furthermore, the conductive traces that carry the true
signal phase and the complementary signal phase are typically routed physically close
to one another and have the same or substantially the same physical length.
FIG. 1 illustrates a portion of a circuit board 10 that includes a first conductive
trace 12 extending to a first conductive via 16, and a second conductive trace 14
20  extending to a second conductive via 18. As illustrated, the conductive vias 16, 18 may
have a diameter D (or other cross-sectional dimension) that is greater than a width W
of each of the conductive traces 12, 14. As a result, the conductive traces 12, 14 “fan-
out” from one another in a region 20 proximate the conductive vias 16, 18. In this
configuration, the distance 22 separating the conductive vias 16, 18 differs from the
25  distance 24 separating the conductive traces 12, 14 in all other regions in which they
extend parallel to one another. As a result of this increased spacing between the first
conductive trace 12 and the second conductive trace 14, a “return path discontinuity”
may be provided or generated by the conductive vias 16, 18 when the conductive
traces 12, 14 are used to carry differential signals, which may contribute to noise or
30 otherwise degrade the electrical signals carried by the conductive traces 12, 14.
A need exists for conductive vias, structures, and other features that maintain a
constant distance between corresponding or complementary conductive paths or traces

as they extend from one plane in a substrate to another plane in the substrate.



10 referenced to each other rather than to ground. As such, differential signaling requires two
electrically conductive traces for each electrical signal. The electrically conductive traces are routed
together from a driving or transmitting device to a receiving device, which subtracts the two signals
from each other to recover the original signal. One trace is used to carry a "true signal phase" and a
second trace is used to carry a 15 "complementary signal_phase.” Furthermore, the conductive traces
that carry the true signal phase and the complementary signal phase are typically routed physically
close to one another and have the same or substantially the same physical length. FIG. 1
illustrates a portion of a circuit board 10 thaiSedLEHSRENET BSNdiNT@Nrace 12 extending to a first
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by a distance that is substantially equal t0 a distance separating the electrically conductive traces of
the first an electrically conductive structure to a receiving device. The electrically conductive

structure includes a first pair of electrically conductive traces that extend substantially
20  parallel to one another in a first plane on or in the substrate and a second pair of
electrically conductive traces that extend substantially parallel to one another in a
second plane on or in the substrate. A first electrically conductive interconnecting
member extends through the hole in the substrate and electrically communicates with
an end of a first trace of the first pair and an end of a first trace of the second pair. A
25  second electrically conductive interconnecting member extends through the hole and
electrically communicates with an end of a second trace of the first pair and an end of a
second trace of the second pair. The first interconnecting member is separated from the
second interconnecting member by a distance that is substantially equal to a distance
separating the electrically conductive traces of the first pair and a distance separating

30 the electrically conductive traces of the second pair.
The transmitting device is configured to apply a differential signal between the
conductive traces of the first pair, between the first interconnecting member and the

second interconnecting member, and between the conductive traces of the second pair.



15pair and a distance separating the electrically conductive traces of the second pair. In another
aspect, the present invention includes an electronic device assembly that includes a transmitting
device configured to transmit a differential signal through an electrically conductive structure to a
receiving device. The electrically conductive structure includes a first pair of electrically conductive
traces that extend substantially 20 parallel to one anothagr.in a first plane on or in the substrate and a
second pair of electrically condygiive races ihplextend subsianiall parallel (o ang another in &
second plane on or in the substrate. firdslec rlc%ﬁy conauctive’in erconneéﬂng member extends
through the hole imthé&subsicateand eksetmiohlly chmnhsnioatdly withnan enldsoi@ fisstpracdaaf tthatfirst
pair and an end of it rage pf e speond pRl .A9ioseand glectically,conductiye intergonnecting
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separated frgm the second interconnecti ember by.a distance that is substantially equal t
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differential signal to a receliving device. A substrate Ts provided that includes at Tfeast one hole

extending theretridtrgpnad di@pdriguctiseeiyanl desalectddstintiasaan@soyistedathat includes at least

one hole extending therethrough, and a conductive path is selected that extends from a
20  first location disposed in a plane on or in the substrate to a second location disposed in
a second plane on or in the substrate. A portion of the conductive path extends through
the hole in the substrate. The electrically conductive traces of a first pair of traces are
configured to extend substantially parallel to one another along a portion of the
conductive path from the first location to the hole, and the electrically conductive traces
25  of a second pair of traces are configured to extend substantially parallel to one another
along another portion of the conductive path from the second location to the hole. A
first interconnecting member is configured to extend through the hole and communicate
electrically with an end of a first trace of the first pair and an end of a second trace of
the second pair, and a second interconnecting member is configured to extend through
30 the hole and communicate electrically with an end of a second trace of the first pair and
an end of a second trace of the second pair. The first interconnecting member is

separated from the second interconnecting member by a distance that is substantially



20 first location disposed in a plane on or in the substrate to a second location disposed in a second
plane on or in the substrate. A portion of the conductive path extends through the hole in the substrate.
The electrically conductive traces of a first pair of traces are configured to extend substantially parallel
to one another along a portion of the conductive path from the first location to the hole, and the
electrically conductive traces 25 of a second pair of tracgs are configured to extend substantially
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with the accompanying drawings, in which:
FIG. 1 is a plan view of a portion of a circuit board showing conductive traces
and vias;
15 FIG. 2 is a perspective view of an illustrative conductive structure that
embodies teachings of the present invention;
FIG. 3 is a partial top plan view of an illustrative electronic device that
embodies teachings of the present invention;
FIGS. 4A-41 illustrate a representative method of manufacturing for
20  manufacturing the electronic device shown in FIG. 3;
FIG. 5 is a perspective view of another illustrative conductive structure that
embodies teachings of the present invention;
FIG. 6 is a perspective view of yet another illustrative conductive structure that
embodies teachings of the present invention;
25 FIG. 7 is a perspective view of still another illustrative conductive structure that
embodies teachings of the present invention; and

FIG. 8 is a block diagram of an illustrative electronic system that embodies

teachings of the present invention.

30 BEST MODE(S) FOR CARRYING OUT THE INVENTION
In the description which follows, like features and elements have been identified
by the same or similar reference numerals for ease of identification and enhanced

understanding of the disclosure hereof. Such identification is by way of convenience



embodies teachings of the present invention; FIG. 3 is a partial top plan view of an illustrative
electronic device that embodies teachings of the present invention; FIGS. 4A-4l illustrate a
representative method of manufacturing for 20manufacturing the electronic device shown in FIG. 3;
FIG. 5 is a perspective view of another illustrative conductive structure that embodies teachings of the
present invention; FIG. 6 is a perspective view of yetranother illustrative conductive structure that
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and enhanced understaAdingwfitiiesdisciosute heraafuBudh identifidaties ischyhay of chaypeeiemce - 7

) 5 invention is shown in FIG. 2. One or more conductive structures 30 may be carried by
a substrate to provide an electronic device that embodies teachings of the present
invention. By way of example and not limitation, substrates in which one or more
conductive structures 30 may be provided include circuit boards such as, for example,
relatively larger motherboards in computer systems or relatively smaller circuit board

10  substrates or interposers in semiconductor device packages. Other substrates in which
one or more conductive structures 30 may be provided include semiconductor dice, full
or partial semiconductor wafers, silicon-on-insulator (SOI) type substrates (e.g.,
silicon-on-glass (SOG), silicon-on-ceramic (SOC), silicon-on-sapphire (SOS), etc.), or
any substantially planar substrate that is substantially comprised of an electrically
15 insulating material and configured to carry electrical traces for providing electrical
communication between two or more electrical devices. For simplicity and to facilitate
illustration, the conductive structure 30 is shown in FIG. 2 without the substrate in
which it may be provided.
The conductive structure 30 may include a first pair 32 of electrically
20  conductive traces 36A, 36B and a second pair 34 of electrically conductive traces 36C,
36D. The electrically conductive traces 36A, 36B of the first pair 32 may extend
substantially parallel to one another in or along a first plane, and the electrically
conductive traces 36C, 36D of the second pair 34 may extend substantially parallel to
one another in or along a second plane. The second plane may be oriented substantially
25  parallel to the first plane and separated therefrom by a distance. Only a portion of each
of the conductive traces 36A, 36B, 36C, 36D is shown in FIG. 2, and it is understood
that each conductive trace 36A, 36B, 36C, 36D may extend on, in, and/or through a
substrate (not shown) to an electronic component or device (not shown) to which the
conductive trace 36A, 36B, 36C, 36D is electrically connected.
30 The conductive structure 30 may further include a first interconnecting
member 40 and a second interconnecting member 42, each of which may be electrically
conductive. The first interconnecting member 40 may extend between and provide

electrical communication between a second conductive trace 36B of the first pair 32



for the reader only, however, and is not limiting of the present invention or an implication that features
and elements of various components and embodiments identified by like reference numerals are
identical or constrained to identical functions. An illustrative conductive structure 30 that embodies
teachings of the present 5 invention is shown in FIG. 2. One or more conductive structures 30 may be
carried by a substrate to provide an electronic device thag embodies teachings of the present

invention. By way,of example; and ot Imitgtion. sybslrales Inwhieh ane,gr marc condygive siugtures
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electrical coramupieaiap PEYGEMNA FRECHTLFANIUEINE HRREDHEOBOLIREM e, RASor substantially
equal to the distance D, separating the conductive traces 36A, 36B of the first pair 32
and the conductive traces 36C, 36D of the second pair 34. In this configuration, the
conductive traces 36A, 36B of the first pair 32 and the conductive traces 36C, 36D of
the second pair 34 may be configured to carry differential signals. By interconnecting
20  the traces 36A, 36B of the first pair 32 with the conductive traces 36C, 36D of the
second pair 34 using the first interconnecting member 40 and the second
interconnecting member 42, return path discontinuities may be minimized, improving

the quality of the electrical signals carried by the conductive traces.
In one particular embodiment of the invention, the first interconnecting
25 member 40 and the second interconnecting member 42 may be substantially coaxially
arranged. For example, the first interconnecting member 40 may have a substantially
hollow cylindrical shape, and the second interconnecting member 42 may have a
generally solid cylindrical shape, as shown in FIG. 2. The second interconnecting
member 42 may be disposed within the first interconnecting member 40. In this
30  configuration, the second interconnecting member 42 may have an outer diameter, and
the first interconnecting member 40 may have an inner diameter, and the distance D,

may be equal to one-half the difference between the outer diameter of the second



- 8 - and a second conductive trace 36D of the second pair 34. Similarly, the second interconnecting
member 42 may extend between and provide electrical communication between a first conductive
trace 36A of the first pair 32 and a first conductive trace 36C of the second pair 34. Furthermore, the
first interconnecting member 40 may at least 5partially surround the second interconnecting member
42. The second interconnecting member 42 may be geparated apart from the first interconnecting
member 40 by a di§tance D1. Substagtial&ortio&xs ﬁ)f the adjacent surfa &3 oftthe first interconnecting

nterconne lné memoer,. and  the Elnel‘ 1ametetr of, the first 1é1tferconnect1nﬁ
member 40 and the sécond inferconnecting member 42 may be uniformly separated from one another
by the distance Dieifiber 4@ electrically conductive traces 36A, 36B of the first pair 32 may be
separated apart from ong another. over thfe}ir respective lengths by a distance D2. Simil t
clectically conductive tAob et ST B e et oy 2 e omgetle BT A R over
their respective |S6§th34ly theysbame dligtarkoesd 2n8ywpddvidintgase cortiuetiv ehstrudiome 30 ascshown in
FIG. 2, the distangce D1 separating the secand interconnecting,15 member 42 fram the first
interconnectﬁg nrfélrrrt] er . fgemﬁ“f t?g%%nfgl 0 oarngjegls%anlﬁ%aﬁ]f eéq]%za Syth%(é)ls gn%:ees as%ﬁiﬁ?élttmsgothe
conductive traces36/an86 Blofdiparfistlpdy, 8k ahsdhe: ddnauttive drsteescIBLM3B Bach the lsecdna pair
34. In this configurati he. condugtive traces 36A. 36B of the first pair 32 and the conductive.traces
36C, 36D of the Suubd i 0 o be har s A B, e SRS HE
the traces 36A, 3BBrab¢hdXinstphirv8 2mvithtithdicortiuctive trage §r@BCb86 120 frthersectnabpairl34 using
the first '“t.e.rcon”r%?“r%%sr,T‘%ﬂb&%4&8”91%9%0%'@%9{}9&"%%@%99% 'ﬁ%ﬁ%e{ 4%J&F‘Héﬂ§&% in a
discontinuities may be minimized, improving the quality of the electrical signals carried by the
conductive lacesangorieopariioulas@mbouim et dichie 200emiicnthe Filstemerconadytitee 28 madnber
40 and the secong iigreenngating memaor 42 may de SubRANA SoRAly AUARAR- FOL SRTPIC.
the first interconnecting member 40 may have a substantially hollow cylindrica %ape, and the second
interconnecting nueigtbes 42 ahayt HRPensigensraliy sotidicylimtkicanseripe asshonAlimRIGh R eTde
fﬁgond interconngling MERGhL 42 MY RS Hizpaserswinindhe drbiNersennResng memRenLa0, In

the first interconnecting member 40 may have an outer diameter in a range from

15  about 80 microns to about 310 microns. More particularly, the first interconnecting
member 40 may have an outer diameter in a range from about 260 microns to about 310
microns.

In other embodiments, the first interconnecting member 40 and the second
interconnecting member 42 may each have a substantially hollow, generally cylindrical

20  shape.  Furthermore, the first interconnecting member 40 and the second
interconnecting member 42 may have three-dimensional shapes such that the two-
dimensional cross-sections thereof have shapes other than substantially circular. For
example, the first interconnecting member 40 and the second interconnecting
member 42 may have three-dimensional shapes such that the two-dimensional cross-

25  sections thereof have shapes that are elliptical, triangular, rectangular, etc.

A top plan view of a portion of an illustrative electronic device 50 that includes
at least one conductive structure 30 and that embodies teachings of the present
invention is shown in FIG. 3. The electronic device 50 may include a substrate 52 that
carries the conductive structure 30. The substrate 52 may be or include any of those

30  previously described in relation to FIG. 2. As shown in FIG. 3, the conductive
traces 36A, 36B of the first pair 32 may be carried by an exterior surface of the
substrate 52. Alternatively, the conductive traces 36A, 36B of the first pair 32 may be

carried internally within the substrate 52, or they may include one or more segments



30 configuration, the second interconnecting member 42 may have an outer diameter, and the first
interconnecting member 40 may have an inner diameter, and the distance D1 may be equal to
one-half the difference between the outer diameter of the second - 9 - interconnecting member 42 and
the inner diameter of the first interconnecting member 40. By way of example only and not
limitation, each conductive trace 36A, 36B, 36C, 36D may have a thickness and width that are each

less than about 80, micrqns, 2 Ehermore, the distanae,Di.ag (g distance D2 may cach beless
than about 50 microns. More par%mﬂarﬁy, fhe distance _IL ARd the Gistahce B]fmaygeacrhsbe ess than
about 30 micronsnBynaky witbiathg ke lertchtedintitettempibre, sbe snbsinter S@nneciimgude mfderaZymay

have an outer diaipgierip & ange from, ahou 20.micsans,ia,abouLeg microns. and the fist
interconnecting member 40 may have an inner diametetr in'a 10 range from about 30 microns to’about
200 microns. Mo parnticatarierttad setard aitdretryrectinthmerbiientd 22ndirhdwd yanhe utendlieimeter in

@ range fromabou L0 micrap, (g aout 180 migrons ang e fis! intereannecting memper g may

have an inner diameéterin & range from abou 180 miicrons t& about 188 microns. alrt?lermore, me first

interconnecting melatber 40 thayshbsteatn Bltes gisavieted yn desamigrel fronrdbtminoti 8Bemiorohistiveabout

310 microns. More_parti E&Ia Iy th flirsft.i terconnecting member 40 may have an outer diameter in a
BoF K . .

range from aboutlflgBSrté\%crbég tooabgutlrﬁrEBarlrrng?ons. In other embodiments, the first

interconnecting membefT4@ anbisttrseséConthintercorhseuting ymehuiver 48dnéy dash heewensebsigntially

hollow, generally cylindrical %bgds@f‘é’Eec%ﬁﬂ&*}%[Ea%ﬁnéh&ng%é%%é?ow%%i”% member 49 andihe,
second interconnecting member may have three-dimensional shapes such that the
two-dimensi®hal trosssebtionbsthaieed? have shapesdtitedshdrisubstdntially tirced it Ao8@kaniible, the

first imerco””ec“%‘s E‘“Sﬁ‘@l%rc“%%t@ﬂ!;c‘?it et?a%%?%&lt%%f‘”%gn&é@g@lﬂ%r (2 NYAVER may be

three-dimensional shapes suc e two-dimensional cross- ections thereof have shapes that
are elliptical, triarshspascdettandusamletes, and the conductive traces 36C, 36D may be disposed in a

second, different plane. In the depicted example, interconnecting members 40, 42
extend substantially through the thickness of substrate 52 and are oriented in a direction

15  substantially normal to the major surfaces of the substrate 52.

A dielectric material 54 may be provided on or in the substrate 52 between the
conductive traces 36A, 36B of the first pair 32 and between the conductive traces 36C,
36D of the second pair 34 (FIG. 2). For example, the dielectric material 54 may
include a polymer material such as, for example, a thermoplastic material, an epoxy, or

20  an epoxy-based material. Commercially available dielectric solder-resist materials may
also be used as the dielectric material 54. A dielectric material 56 may be provided
between the first interconnecting member 40 and the second interconnecting
member 42. The dielectric material 56 may be the same as or different from the
dielectric material 54.

25 The capacitance exhibited between the conductive traces 36A, 36B of the first
pair 32 and between the conductive traces 36C, 36D of the second pair 34 may be at
least partially a function of the size and shape of the conductive traces 36C, 36D, the
distance D, separating the conductive traces, and the dielectric constant exhibited by
the dielectric material 54. Similarly, the capacitance exhibited between the first

30 interconnecting member 40 and the second interconnecting member 42 may be at least
partially a function of the size and shape of the first interconnecting member 40 and the

second interconnecting member 42, the distance D; separating the first interconnecting



A top plan view of a portion of an illustrative electronic device 50 that includes at least one conductive
structure 30 and that embodies teachings of the present invention is shown in FIG. 3. The electronic
device 50 may include a substrate 52 that carries the conductive structure 30. The substrate 52 may
be or include any of those 30 previously described in relation to FIG. 2. As shown in FIG. 3, the
conductive traces 36A, 36B of the first pair 32 may be canried by an exterior surface of the substrate

52 Altenaively, ine conduplive (faces 30 368 of e frst pal, 32 may. g carmed niemally wihin the
substrate 52, or they may include one or more segments = 10 - carried by an exterior surface of the
substrate 52 and exhéboednnrehseliohants caxtéechlidternally within the substrate 52. Furthermore, the
substrate 52 may includg a plurality of layer ancﬁ he conductiv ces 36A, 36B of the first.pair 32
ey be carried by exteri b AF Ao g RS S R AR SRR e
conductive 5 tracks @61 86 whthbseddiwisphivBlandaglaise beitscate dxdxbetetblby ahentbehaiyic
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frstpar 32,5 - THAG Hathte Bot i R B r g et AR B B o
and the second interdarinecting enedtider 48Bna3o€xteifdat leastqpartitihce10xhiwtgh tieevawbstiate 52

S0 as to connect ends of the.conductive traces 36A,,36B with.ends of the conductive traces.36C, 36D.
e conducte yi QNSRRI UACeS mh R e LS S SRS e 2o
may be disposedthe distgand3 diffecendptame . thacthye3GApid e axhrhpleypntdnoonrabibite dieehbers 40,
42 extend substantially thr h the thickness of Str. d are orie ] irection.
15substantially r?gl?énsa Cﬁ)ﬁﬂﬁé‘%ﬁa‘;)j%ro ?&r(%g%%iég? tﬁ%%ﬁt%%%g : A sﬁcgkl’eﬁ‘é%(t%ri’llgl r%ﬁgr%%ﬁl%gg be
provided onlBr inahé gubslikdestbz bhettwseh HHemmandyctivedratesdoMaB6Beofahactirstopatx Bbided

between the congugfive, rages #oe. 3009 ﬁQ&'%%COrQQnE‘SQF 3A0(FAGq 2 EOLEXANPIG 08 ﬂleec'&ﬁg ic
material 54 may include a polymer materia such s, for example, a thermopeiastlc materlaﬂ, an epoxy,
or 20 an epoxy-basetendieiialsi@olamercialiyl svadabiedidiect'icdukitadrdsisy enmtérialsomiuctaiso be

used as the dielegic material 34, A diRleelif 33| S6MAU PR BLAYRY BRSNS sherive

interconnecting member 40 and the second interconnecting member 42, T electric material 56
may be the sametrasesr Hiffe &P fedrihehecchaléoric Adatdrial SmBTheheajielcittncenatenibité betwveen

the conductjye tr%ﬁﬁﬁ)eﬁ?ﬁ"d%é@c&[cthc%ﬂgﬁawqﬂa%zisa%js@%\Q{?%n&ﬁ?eggﬁd USHYG SRR P hOT the

second pair 34 may
dielectric material 54. In this manner, return path discontinuities may be further

minimized, thereby further improving the quality of the electrical signals carried by the
conductive traces.

In other embodiments, the dielectric material 56 may be the same as the

20  dielectric material 54, and the size and shape of each of the interconnecting

members 40, 42 and the conductive traces 36A, 36B, 36C, 36D may be configured to

minimize or eliminate differences in the respective capacitances exhibited by the

interconnecting members 40, 42, the first pair 32 of interconnecting members 36A,

36B, and the second pair 34 of interconnecting members 36C, 36D. Furthermore,

25  combinations of the techniques described above may be used to minimize or eliminate

differences in capacitance. For example, the dielectric material 56 and the dielectric

material 54 may be selected to exhibit different known or predetermined dielectric

constants, and the size and shape of each of the interconnecting members 40, 42 and the

conductive traces 36A, 36B, 36C, 36D may be configured to minimize or eliminate

30 differences in the respective capacitances exhibited by the interconnecting members 40,

42, the first pair 32 of interconnecting members 36A, 36B, and the second pair 34 of

interconnecting members 36C, 36D considering the known or predetermined dielectric

constants exhibited by the dielectric material 56 and the dielectric material 54.



least partially a function of the size and shape of the conductive traces 36C, 36D, the distance D2
separating the conductive traces, and the dielectric constant exhibited by the dielectric material 54.
Similarly, the capacitance exhibited between the first 30 interconnecting member 40 and the second
interconnecting member 42 may be at least partially a function of the size and shape of the first
interconnecting member 40 and the second interconneciipng member 42, the distance D1 separating
the first interconnecting - 11 - member g second.interconnecting m er42. a ﬁgh .
dielectric constant exhibﬁgdjfglfqt?ﬁgvcﬁer?& H?Pcrjlfg egrrila(f %gg he none em eod'i?n%eg]n?,h %%ndllrélgc r'ic? 5
material 56 may dessalectdattovexhithitrafdietectiic EdGStahAthht difiefs #amth idliedeatricconstentl
exhibited by the dielectric aterial 54. If the interconnect; embers 40, 42_are relatively larger
na nk’sg%%\fes%lgf’hggﬂf %ﬁ rica m% %Hg fg]ectrﬂlglct dé}vic 2561 s%(mvg 1nei4"'¥(£. r3>g,

01
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interconnecting makminatendOsetdandinb el gbo thaththeica paditante fexhibitelbbétveesutisa diesd pair 32

of conductiv% tra%e%)%sA 3GeB %?ldlthea capa i%ionc%ﬁ %éhip(:i})e%é‘b%t)wg%n theseseccorglg lf()%rr %‘gla%fr
conductive traces 3 Cal 3&% A Shic : thie dielectric matenal b6 10 and the dielectric material 54 may
be selected suchtibatemelodgatitacodexhibitetthe twedicthe firsteintérsobbie ctirienfiesnbeir 40 amdl the

second interconngctin mber 42 is similar g eqyal fo a capacitance. exhibited between the
conducive raced SR I o I S R R R A e B I Tt
traces 36C, 36D wicthe dwoonthFdlo 344 A-dd exampie fuve ahiedectric matefal b6t eyt kb eihiditaad
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dielectric constary gt s cse 1han 2 dleleg ;
manner, return pat dlSCOﬂtanItIES maysbe urther minimize y further improving the quality of

the electricdisigrthistoatmed BY thd tenducties treacas:s 36C, 36D of the second pair 34 may extend to
a general location 62 on the substrate 52 at which it is desired to interconnect the
conductive traces 36A, 36B of the first pair 32 and the conductive traces 36C, 36D of

the second pair 34 through the substrate 52.
By way of example and not limitation, the conductive traces 36A, 36B of the
15  first pair 32 and between the conductive traces 36C, 36D of the second pair 34 may be
formed on or in the substrate 52 by, for example, depositing a thin layer of conductive
material (such as, for example, metals and metal alloys including one or more of gold,
copper, aluminum, silver) and patterning the conductive traces in the thin layer of
conductive material by, for example, masking and etching (wet or dry) the thin layer of
20  conductive material. Such a thin layer of conductive material may be deposited by, for
example, physical vapor deposition (PVD) techniques (e.g., sputtering), chemical vapor
deposition (CVD) techniques, electroplating techniques, electroless plating techniques,
etc. Alternatively, a conductive film may be laminated to both sides of the substrate 52.
The conductive film may include preformed conductive traces 36A, 36B, 36C, 36D, or
25  the conductive traces 36A, 36B, 36C, 36D may be subsequently formed or patterned in

the conductive film.

In the example shown in FIG. 4A, the conductive traces 36A, 36B of the first
pair 32 may be carried by a first major surface 58 of the substrate 52 and the conductive
traces 36C, 36D of the second pair 34 may be carried by a second, opposite major

30  surface 60 of the substrate 52.

A dielectric material 54 optionally may be provided on the first major

surface 58 and the second major surface 60 of the substrate 52, including the areas

between the conductive traces 36A, 36B, 36C, 36D.



In other embodiments, the dielectric material 56 may be the same as the 20 dielectric material 54, and
the size and shape of each of the interconnecting members 40, 42 and the conductive traces 36A,
36B, 36C, 36D may be configured to minimize or eliminate differences in the respective capacitances
exhibited by the interconnecting members 40, 42, the first pair 32 of interconnecting members 36A,
36B, and the second pair 34 of interconnecting members$336C, 36D. Furthermore, 25 combinations of
the techniques describeq ahove ma @e ed to minimize or % inate differences in capacitapce. For
example, the dielectric r%astgg%\?/génan th%ﬁd%}é%{?igrﬁ%%%retﬁé may be’se glc?t% féﬁ g@hf‘g‘fcthafgé)rrent
known or predeterthéneddielectdaloongtatits sabdrtie Siz@can thsHapenadjeastrGicth&Sindateosueesting
members 40, 42 g ihe conduygiive iaoss 6 360, 305, 398 may b eenfiayred fo minimize.ar
eliminate 30 differences in the respective caBaéltances exhibited by the interconnecting members 40,
42, the first pair 32 loftiate T nmdotingimepdrars: IAHB6E hatie thé seaent pai &hatfiirte pronhegting
members 36C, 36D Cﬁﬁﬁfjeri%%tré? Iégm(\)/\r/nC L redle%etr 1irgled gig(laescégic rgonsgiis%t%gstbi edaé)y tge
dielectric ma eria?%% nd the Biefectric matenal 54. <12-% PRA tstrative‘ method o ébrlczﬁllnﬁ the
electronic device &inbinmintin & @r@& issdesoritiednbahonsivite thienrpaderto ¢4 @8odgh4hcFiEBirdl-41
illustrate incremental points.inan illustrative method.of fahricating,the eéec ronic devjce 5 ;po nin
FIG, 3, taken alor TS R A A A L A B e e e SR W B
as, for example, dicirquitrbBahdsemicenductbedib, omsentizorideetGitoiaféslal bequanddedrti3at
includes at least ductive traces 36 of the %ge ir 32 and b@tw Eﬁe conductive traces
36C, 36D of the g@?zgf%}ba?%éf?fﬁ%h%%gﬁsis%sge%%oﬁ%l v %vhg%hés&%nrﬁ%% DI ,%‘hﬁys/e%uee‘#rstt&
conductive lace BemasiaheofirshpaivBRcnG thadastipdceBBC 36¢he3sdonth paihg4cmbodsiltatsThe
conductive traces, 304, 058" 4011654 Rl St end e Lqpdieiyeriasaaiios: 3P elfasseond
pair 34 may extend to a generallocation 62 ort the substrate 52 at which it is desired to interconnect
the conductive tréess3BA\,36B ofthe Irbt pair 32 and the conductive traces 36C, 36D of the second

ir 34 th h th b nple. imitati ' , 36B
O the. 15 firs pair 52 anf BER et e e U Bl RTINS Jaachy
formed on or in tiiepsbisnsd B210yL ¢©n@?@mplfe,at¢éi§b§ﬁiﬁglaaﬂﬁ PV Eaybe Qﬁmdd@tﬁrel rmtfeckﬂ (Such
as, for exan?]gle, DERlsand me @ﬁ‘ﬂ)ﬁﬁi'n %é%'é}ﬂl?@g@ r gé{’/@?a f&%&'@g?&%ﬁlwﬂﬁm&'ﬁ’ §fd and

patterning the conductive traces in the t r of conductive material by, for example, masking and
etching (wet or digyehedthinnidyeiivf Rateanld8tivaynbeedenogisch avehinllagapastdondiictyeomtterial

may be depositeqt%mé,emakﬁgpm@@@gcys%ef)faﬁewp%méﬁy@?)&F%n@igﬂﬁﬁrg%egsf%ﬁﬁﬂn@)e

chemical vapor deposition (CVD) techniques, electroplating techniques, electroless plating techniques,

etc. Alternatively 2aastiiduéive fismanalipbedsinipkite ccleciotiasioe s GFhinejsabstedtetsesFhelednductive
film may include prafaimed caNAEIVE YAE6S 3G0sRR: ARfmidER: O rrd SECRAREHNE HBGES ROA
36B, 36C, 36D may be subsequently formed or patterned in the conductive film.

20 FIG. 4C.

The layer of conductive material 68 may be selectively patterned to remove the
unwanted areas of the layer of conductive material 68 deposited on surfaces outside the
aperture 66 and form the structure shown in FIG. 4D. In some embodiments, unwanted
areas of the layer of conductive material 68 deposited on surfaces inside the aperture 66

25 may also be selectively patterned and removed. The layer of conductive material 68
may be selectively patterned by, for example, masking and etching (wet or dry) the
layer of conductive material 68. As seen in FIG. 4D, if the conductive traces 36A, 36B,
36C, 36D have been previously formed, the first interconnecting member 40 may be
structurally and electrically coupled to both of the conductive traces 36A, 36B of the

30  first pair 32 and to both of the conductive traces 36C, 36D of the second pair 34 upon
formation of the first interconnecting member 40.

Referring to FIG. 4E, a first aperture, groove, void, or notch 74 may be formed

in the first interconnecting member 40 so that the first conductive trace 36A of the first



In the example shown in FIG. 4A, the conductive traces 36A, 36B of the first pair 32 may be carried by
a first major surface 58 of the substrate 52 and the conductive traces 36C, 36D of the second pair 34
may be carried by a second, opposite major 30surface 60 of the substrate 52. A dielectric material
54 optionally may be provided on the first major surface 58 and the second major surface 60 of the
substrate 52, including the areas between the conductiveqtraces 36A, 36B, 36C, 36D. - 13 - As

shown in FIG. 4B, a hole or aperture 66 ma %g ched, drjlled.. etched, or.otherwise formed through
e subetrate 52 Pa e A AR R IR e HRE L BRe N B S I g 0

may be used to alslaiedhwpariaterigtaivthersidhsiratet@P 16 foamn thd@peduretbé througbrtivastdosigate
52. Mechanical punchin and drilling processes ar.chemical.etching processes may . gjso be ysed,
e may combinad e B pr e o S e R R R A AR
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conductive materjal 68 epﬁ%{'e er all exposed surfaces.of the structure, including. th
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form the structur In.20 FIG, 4 layer of cfi terial 6 [vely
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be selectively patterned and removed. yer of conductive ma e selectively
patterned by, for exeiempleceringhiregnhad/étehihdh¢wetanddnydrmigyenghwonbkictie material 68. As

seen in FIG, 4D, if the Cﬂ?%ﬁﬂe"%ﬁﬁ‘&&%@ﬁé’ ﬁ@gsg%c}ql&gpm\gﬁ(p@%} QJ@&@%@%J&QL%?&%%@“

interconnecting member 40 may be structurally and electrically coupled to bo ive
traces 36A, 36B &ftimed at the same time the layer of conductive material 68 is selectively patterned to

remove the unwanted areas of the layer of conductive material 68 deposited on surfaces
outside the aperture 66, as previously discussed.
The aperture 66, the first notch 74, and the second notch 76 may be filled with
20  dielectric material 56 to form the structure shown in FIG. 4F. By way of example and
not limitation, a curable fluid polymer material such as, for example, an epoxy or
epoxy-based material may be provided within the aperture 66, the first notch 74, and
the second notch 76 and subsequently consolidated or cured to form a substantially
rigid structure comprising the dielectric material 56. As an alternate method, a curable
25  polymer material may be provided within the aperture 66, the first notch 74, and the
second notch 76 and subsequently consolidated or cured using programmed material
consolidation techniques such as, for example, photolithography techniques. In such
techniques, multiple layers or regions of consolidated material may be sequentially
formed within the aperture 66, the first notch 74, and the second notch 76 using an at
30 least partially automated machine.
In some embodiments of the present invention, a curable fluid polymer material
such as, for example, an epoxy or epoxy-based material may be blanket deposited over

the substrate 52 including within the aperture 66, the first notch 74, and the second



30 first pair 32 and to both of the conductive traces 36C, 36D of the second pair 34 upon formation of
the first interconnecting member 40. Referring to FIG. 4E, a first aperture, groove, void, or notch 74
may be formed in the first interconnecting member 40 so that the first conductive trace 36A of the first
- 14 - pair 32 may be electrically isolated from the first interconnecting member 40, and a second
aperture, groove, void, or notch 76 may be formed in thq §irst interconnecting member 40 so that the

first conductive race 36 of e second pA R4 meay b elscyieally solatad oM Nefisty seoion,
interconnecting meml%er 40" y Waygo? e;ampﬁe an not limitation, the Tirs Xo%che}eéfandﬁf‘ﬁe second
notch 76 may be focmeasl by éichipet(wetody tihyg) toefiest THie7éorandtiingemertbened Qitstrpagh3® mask.
Other methods such as, .for exam eleciron heam lithography ma aio ?e used to form the first
otoh 74 and the R R e e Bt e o o BN e ats som
36B, 36C, 36D hao® bddr peeidouslydombled]tht sdgord wandiadtivet 1:0/tracet36B afthdifiastpair 32
and the secand candyciive tage 3D,0f the sseond pait 34(FIG, 2hmayemain SUHehiral ang.
electrically couple& {0 the hirst interconnac Ing member 40 As prewousﬁy gISCUSSgd, owever, In some
embodiments thecoompisotiy éhir slceds B6A NB6B4866 1860 mby tvefppnaddsdbsetjuemdoforefatiba of
the first interconnecti r. 40 and the second.interconnecting member 42. 15in s0
embodiments, e eehonh B At e e M e BB e o
conductive materiel 6&eis thelestivel yppatddrobcbtolvemevieatts B0liaitBd theedsiofutkenjri@ralfy may

conductive materjal eposited surface side the rture 66 revipusly discus The
aperture 66, the #ljr%tgr(%%;wgiE%r{gl{t{r?ev%gcggr?lﬁgét{:%yg Sm%fg/gﬁ%lefﬁfg ’[v{}alhi? ég é% eogt?lc %llgst@ﬁgtflgG to
form the stri@¢turephown O RISNEF By evaypplitedxarmple aetingt dimitativivah oedbie thlidpaihmer

material such as,(%qég@#? an epoxy or epoxy-based material may be provided within the aperture
66, the first notch 74, and t eqsec'ond notch 76 and subsequently consolidated or cured to form a

substantially rigid structlmescompribiod)tivatdieléberiprenatenaics 8 onglandattesratenatetird d4amyrbble 25

polymer material iy praderiIIn theans e, Ag. 10e TeLngta T4, andhe ssepud naieh 76

and subsequently consolidated or cured using programmed material conso chniques such as,
for example, photolittiogeaPnaf tercionigugshinapashneehniques, multiple layers or regions of

e R TR WO D ARG B OPSOR e
in thg dielectric materFi)al 56 t)}/lat extends from an end of the conductive trace 36A to a
location in the dielectric material 56 at which the second interconnecting member 42
(FIG. 2) is to be formed, and a second aperture, groove, void, or notch 80 may be
formed in the dielectric material 56 that extends from an end of the conductive

20  trace 36C to a location in the dielectric material 56 at which the second interconnecting
member 42 (FIG. 2) is to be formed. By way of example and not limitation, the first
notch 78 and the second notch 80 may be formed by etching (wet or dry) the dielectric
material 56 through a mask. Other methods such as, for example, electron beam
lithography may also be used to form the first notch 78 and the second notch 80 in the

25  dielectric material 56. Furthermore, if the dielectric material 56 is provided in or on the
substrate in a liquid form and subsequently consolidated or cured using a selective
consolidation technique as previously described, the first notch 78 and the second
notch 80 may be formed in the dielectric material 56 when the dielectric material 56 is
selectively consolidated by failing to consolidate dielectric material 56 in the regions at

30  which the first notch 78 and the second notch 80 are to be formed.

As shown in FIG. 4H, an additional hole or aperture 82 may be punched,

drilled, etched, or otherwise formed through the dielectric material 56, as previously

described in relation to the aperture 66 shown in FIG. 4B. Similar to the notches 78, 80



In some embodiments of the present invention, a curable fluid polymer material such as, for example,
an epoxy or epoxy-based material may be blanket deposited over the substrate 52 including within the
aperture 66, the first notch 74, and the second - 15 - notch 76 and subsequently selectively
consolidated or cured only at selected regions such as in the aperture 66, the notches 74, 76, and/or
between the first pair 32 of conductive traces 36A, 36B. agd between the second pair 34 of conductive

traces 36C, 36D..The regions of curable, fluj mer material that haye not bee nsolidategqor 5
Carad thon may B8 WA e Wb o Rt e T PR s e o St o
material 56 is notssektctively progidédavithimdpeittseguetiltheanstdhiased4or7 6ui@d dismigetvweeder tive first

pair 32 of conductive traces 36A,,36B and between the secpn ir 34.0f conductive traces 36¢., 36D,
fhe structure optoHN iy BT Brreiane dRneinen g s R R S ST Bose
outside the 10 apdrtune 66 kingtHomayabepfertkadvim gtehirgeonrthemicaiinféchdricahpoisihéngi¢(CMP)
techniques. In som bodiments, of the present inyention, the dielectric. material 54 m e
dentionl o e AIRATE Hla A g e h e P E SRS e
forming the apertinerégohsRefedingdadd@odd, lwlirst apatiurel Yroavee Vaithedr notch 78 may be
formed in the dielectric material 56 t tepds fro end of,the conductiv ce 36A 1o.a location
i the dielectric material B A widh 12 Uachad fohorse dREES QAT W0°0 e JRBEree
and a second aperntiesal o viesn oidy dren bl 8@ ithagnbel fomeelyirctnd wielecratenadetia f&6ntHhe
extends from an end of the conductiv trace 36C to g location in.the diejectric fpaterigl 56 at which
the second interc%%ﬁﬁtf%%ﬁ%%gg}g ‘%@f&&eé)%’tg%&é %&)%ﬁ%é?%%%gg %f de%ééﬁp@’aﬁsd gr\}c())t“f |I}n1|{lation,
the first notdh 78 Eltdl te Bocony vibtshrBplerrayl betftimedidy dtehipeytweBdr beylitiiendiehe¢iand
material 56 throu . romethgds , e . [thag also
be used to form the ;Jlgr"gsptgrlfc(&(tcnI(18 E%? grq]d? éhg%ecilg%?itﬁ%t({%ggf %}%&@éﬁ%%%%@%@%g%&%@%@c@ﬂy
Furthermore, if theotikigctdiomsiealal §64ds fomovidenbin, arlentrtipdasnlgsteabaigesiiqlidtfolensapldting
subsequently consglidaied or,Shed using.3,glestiye,sonsplidation ieehniaus.as pigviRushy desgribed.
the first notch 78 ancﬂae séc{)ré’g?rwo%ci 8% nﬁayﬁael\&)rme In ane diele tr?c mastgz)aé% %enatﬁg
dielectric materiallg@istedlettilelyiomsislivaie ddyefailivey toycdos ok dislestiig raadetiahBg ih¢he

regions at Sf%whi&pug}ﬁrgrgst g%gﬁguég,%g%ﬂgeé%%gﬂﬂnotch 80 are to be formed. As shown in FIG.
rture

4H, an additional hole or ap may be punched, drilled, etched, or otherwise formed through the
dielectric material 56, adtprevislesijoddsbeibethin retshiess tocinecagrsitarepsBehovgniatFods aBy Sienilar

to the notches 78115%9 to form the final electronic device 50 shown in FIGS. 3 and 4I. For example, in

one additional method according to the invention, the aperture 82 shown in FIG. 4H

may be formed through the dielectric material 56 prior to forming the first notch 78 and

20  the second notch 80 in the dielectric material, as previously described in relation to

FIG. 4G. In yet another additional method, instead of filling the entire aperture 66

shown in FIG. 4E with dielectric material 56 as described above in relation to FIG. 4F

and subsequently forming another aperture 82 through the dielectric material 56 as

described above in relation to FIG. 4H, a relatively thin layer of dielectric material 56

25  may be deposited on the lateral surfaces of the first interconnecting member 40 within

the aperture 66 (FIG. 4E) using an electrocoating process, such as that described in U.S.

Patent No. 6,829,133 to Wermer et al., the disclosure of which is hereby incorporated

herein in its entirety by this reference. In this method, there may be no need to form an
additional aperture 82 through the dielectric material 56.

30 In the conductive structure 30 shown in FIG. 2, and the electronic device 50

shown in FIGS. 3 and 41, which includes the conductive structure 30, the conductive

traces 36A, 36B of the first pair 32 and the conductive traces 36C, 36D of the second

pair 34 are shown extending away from the first interconnecting member 40 and the



- 16 - in the dielectric material 56, if the dielectric material 56 is provided in or on the substrate in a
liquid form and subsequently consolidated or cured using a selective consolidation technique as
previously described, the additional hole or aperture 82 shown in FIG. 4H may be formed in the
dielectric material 56 when the dielectric 5 material 56 is selectively consolidated by failing to
consolidate dielectric material 56 in the region at which the_additional hole or aperture 82 is to be
formed. | The apertye 82 (e fstnotch(8..and (e sesond netch 80 fn the dislecuic material 56
then may be filled With an electrics }y%:on(%c%ve matenar to 1orm the secon%cln(ferconﬁgc%mg member
42, and the final eletizonksaaeiéd.50, as shown in 10 FIG. 41. By way of example and not limitation,
the aperture 82, the first foth 76, and e sccand notch,89,in.ths dislectre material 56, may b flled
with an electrically conductive ma%erla using, for exampfél, éllrectrop a%ngIPe&wnlques, eiectroless
plating techniquepresepghysicati vapeosbepositdriechnifbe scohdyaixeesswwomdudtivie maidrraloddposited
on the structyre may e emayed by 195 xampleasking and iehing (he dosiuchure a5 pigylgusly
described herein. 1tis tinderstood that other me ods, sequgnces, or processing Méthods may be
used to form the fina¢elédtroind deieeob0 phiovid inf FIESi GaHp b didueoiv e xaamgi el 66, ob@ addicnal
method according_t E%%ﬂgggntiorrﬁe}pl?&p%tu%% (§2ashg\cl\(l)lill in FkGI"C(L)I'l’Il_lll may b%{‘grrged Hlélzougg tﬁle
dielectric materia %rprlor to?grmmg e first notch 78 and. 20 the seconctnotch 80 in the dielectric
material, as previcuslyaiescsibedure rdatlorwiy ElGhd Elettrigetlxnothérciidditioeas ethothBnsetehd of
filling the entire aperture 66,shown.in FIG. 4E with dielectric rial 56 j ahave in relation
to FIG. 4F and su%%te ﬁuern%/s grtr%r}%; g%t gr%ﬁ%%&r%% tt%r%ﬁé%ct Iﬁd%iﬁ%%%n@%ﬁﬁa 683(2)118
described abdbve inteadatiogrto & IBetbkrad2|ative Nittitidaydwabfigietactdd materiahZe Rdatnay toea
deposited on the f fthe firstintgrc ' ithin e IG.
4E) using an elecﬁ%rﬁéﬁ r%l 3%5@%@%58!: aﬁs%ﬁ&t%?ﬁ?cf%e%%ﬁ?%%@@tgﬁﬁ N%ft%%%%g%%g Poggv%%mer
et al., the disclosexecofl which fiwhetebiiisicovpurenaechageineimbits dhtiradythy seione farierasenky tinig

30in the conducid Siciore B0 B I B Shatue Gicrane Hevebup B TS,

wn in Fl e electronic device 50 shown in FIGS. 3 and
41, which includesftie dondpativi2sinsctheecBodict conderstiveGratds 86 3R widhaifirdt sailcd@ and

the Conducti\ée tr%%%, 3@8:1113% Olfifpte i%?&%ggnecting member 40 and the second interconnecting

member 42 may be any angle between 0 degrees and 360 degrees.
Conductive structures that embody teachings of the present invention may
include more than two conductive traces and corresponding interconnecting members.
Yet another conductive structure 86 that embodies teachings of the present invention is
20  shown in FIG. 6. The conductive structure 86 is similar to the conductive structure 84
shown in FIG. 5. As illustrated in FIG. 6, however, the conductive structure 86 may
include a first set 88 of electrically conductive traces 36E, 36F, 36G, a second set 90 of
electrically conductive traces 36H, 361, 36J, a first interconnecting member 40, a
second interconnecting member 42, and a third interconnecting member 44. The first
25  interconnecting member 40 may be structurally and electrically coupled to an end of
the conductive trace 36G and an end of the conductive trace 36H, the second
interconnecting member 42 may be structurally and electrically coupled to an end of
the conductive trace 36F and an end of the conductive trace 361, and the third
interconnecting member 44 may be structurally and electrically coupled to an end of
30 the conductive trace 36E and an end of the conductive trace 36J. In other
embodiments, the conductive structure 86 may include any number of conductive traces

and corresponding interconnecting members as desired.



pair 34 are shown extending away from the first interconnecting member 40 and the - 17 - second
interconnecting member 42 in substantially the same direction on opposite sides of the substrate 52.
Another illustrative conductive structure 84 that embodies teachings of the present invention is shown
in FIG. 5. The conductive structure 84 is similar to the 5 conductive structure 30 and includes a first
pair 32 of electrically conductive traces 36A, 36B, a secqgd pair 34 of electrically conductive traces

36C, 36D, a first interco rrll%%lg]rgi ember 40, and a secon mte&io n ctln% memtger 42. In(t)tije

. strative , conductive structure € 1€s, teachings €
conductive structure 84, however, the electrica Yy conductive traces A,Ig %jofgthe ‘T;Irsl%%‘)alr B?extend

away from the firgtéstarcorvesgting sndimberid0F6d The TeeanadiiCtintestconneetihly imentivemdalin a
direction that is orien}erdtgtt Qcarﬁglec{gleatsi&gcttor% [gesﬁtigvn ilnn\ﬁﬂ'?hzth? etlleec'ér(i)cr:l Il gon lrjlgzct'veet ces
36C, 36D of the second pair 34 extend away from the first mtercénheé]ting member 40 and the sécond
interconnecting nhembean Ate Tivst anoglibeteempet B6 Aliog ctiofissnpainidh thdisprrtdctbnt ¢nfiyesb36A, 36B
of the first palr 33,and the condhielive races 36G 308 of 6. sscond palr 34 clend 45 X ffom the
first interconnecting member 40 and the second in ercom;?ecting member 42 may be any aﬁg?e
between 0 degrebs-sidd 360fdryntes. shovgomadUdiive Struoturesthkir embrody, téacirgscondnetpyresent
invention may include fpore than two conductive traces and corresponding interconnecting members.
Vet another condl e e LTe B gt st e O e
FIG. 6. The conduetivéirudtuhe 8&mdimilasthb tife dohuuttiveastrindt(net&hawolvmiyy BEGJiSposd
illustrated in FIG..6, howeyer, th ductive stryctur include a fir t 88 of electricall
conductive tracesb %%E%%B ?3 (éf%%gggog Set éf%e ectr(rgl}fa}/nél gérr%LPiﬁll{/e%ttzrsinegs %HC%%%%%% a
first interconfectittgcmeinOepdD,d tecondridtpruoithebinghneomderd®; stnectuthivd indisponedoting

member 44. The J'[Iggn%g i@t%trtsgg%gngggggrgq{?w cf%? c’?i(‘?é’dbe structurally and electrically coupled to an

end of the conductive trac anen e conductive trace 36H, the second interconnecting
member 42 may be struétiralty digrelectfieal Mlestiee s ciroaids pstte bty ctiveodmsd@6Fiagsd an

end of the conductive tr . ] ird intercomnacting C I d
electrically couplcg5 %%éaﬁ?gesrl%qo]}ngggtt@c%]ncﬁlﬁc%\%q%rggg 'BgE glill? angétﬁ%(f)? it%a;? ggitggc%%y t%/g%gl 36J.
In other embodinsahstiatiee Tonduchivesstivcteasdinay inclodié daprdunsbepoistenductilectraedly and

Correspondifg; in@;&&mg@tigmﬁ%bﬁeﬁ ae?n%%ﬁi%%dteachings of the present invention such as, for

example, the conductive structure 30 shown in FIG. 2. The system 92 further includes
at least one electrical component 94 attached to the substrate 52, and at least one
additional electrical component 96. In one particular embodiment, the electrical
component 94 and the electrical component 96 may each include an integrated circuit
20  device, as shown in FIG. 8. For example, the electrical component 94 may include a
memory device, and the electrical component 96 may include an electronic signal
processor device (often referred to as a “microprocessor’).
In other embodiments, the electrical component 94 may include an integrated
circuit device such as a memory device or an electronic signal processor device, and the
25  electrical component 96 may include, for example, an electronic signal controller
device. Moreover, both the electrical component 94 and the electrical component 96
may be attached to the substrate 52.
The electronic system 96 may, optionally, further include one or more
input/output devices 98 such as, for example, a mouse or other pointing device,
30  keyboard, control panel, monitor, printer, etc., which may communicate electrically
with at least one of the electrical component 94 and the electrical component 96.
With reference to FIGS. 2 and 6 together, the electrical component 94 may be

electrically coupled to the conductive traces 36A, 36B of the first pair 32, and the



-18 - Another illustrative conductive structure 91 that embodies teachings of the present invention
is shown in FIG. 7. The conductive structure 91 is substantially similar to the conductive structure 30
shown in FIG. 2. In the conductive structure 91, however, the first conductive trace 36A of the first pair
32 is disposed vertically above 5 the second conductive trace 36B of the first pair 32, as opposed to
the horizontally sideby-side configuration shown in FIG. &) In a similar manner, the first conductive

trace 36C of the second pair 34 is disposed yertjcall low th cond conductive trac D,of the
Second pai 3. A o SR e A G N TSRt e
36B of the first paif 82 aadcbtidepaondibiclivehikCindtes 860, 8buddtheosaoond pain 3dawberethbled
conductive S”W%ﬁﬁ %gta{gl?s ?&%%%’W'Qea ﬁ%‘ebg%éa%ﬁ (arioctg%b0(\)/}/1%]%:taééﬁaruel\c/il%ng%lgc?ﬁggibce?mn%onée‘lt%%ck
diagram of an illustrative electronic system at embodies teachings of the present invention Is
shown in FIG. 8. thheuglectrorionslystern 82daciode stize ssdustrd tentd (ouciviasg forcexampla, andirtat
board) compgising an electricall onductive structur, %mt mbodjes teachings of the present
ivention such s TS, 0%, 0 A S ORI e R, B RS BT
includes at least onendlactitahodniponamdadiattached t6ihe stibstratecofi amdtaiiedbe orlecauiditional
electrical component 96. | e particular, embodiment, the electrical campanent 94 and the..electrical
component 06 e el R e B e SRS e
electrical comporemi@dmeaie imctbdema metharyhdevige flendotitbiefieetitat tomponesmO6iffaynnelude

an electronic Signs?‘%?aﬁ?&%%%%nq yige (R%ié‘aé?f(%ée?ftﬁaéseﬁeé{r’}k%ﬁ"&%’nc%%%%E")M.an&”tf? N&Ectrical
embodiments, the €lectrital component 94 may include an integrated circuit device such as a memory
device or an@lectonipsigphabprocessoe devibgperdd theptidiectrichffeomipdnergn@b edy éacludie, for

example, an e'ecé%ol{lfg Honal.coqtr '%r dBWCSt %%f%%’?ia ?gt@thq@?&%%}ﬁi%%%CBQP?&%PJogée%ﬂﬁ fhe
electrical component % may be attached to the substrat % . he electronic system 96 may,
optionally, furthemheolbeie 4heno thorednpdtiotesanueviogse8nhecitas afor bstarppletha rrodsetdreother
pointing device, ?f?clég ,V%B)BF%@%Q@Ang]ABQH prﬂt%%r?atlﬁ'eWSHim&XSCOAPEQ%IS e §lqflrically
with at least one of the electrical component 94 and the electrical component 96. With reference to
FIGS. 2 and 6 togéatieicaheosipendoaPédome diepleottinahy dyepeleuttitalipaobp kah figtheddormagtile

traces 36A’1%6B Qlf\mﬁa@reshﬁ?éfe%e%}qé&etﬁzgngabout three volts between the conductive traces 36A,

36B of the first pair 32, between the first interconnecting member 40 and the second
interconnecting member 42, and between the conductive traces 36C, 36D of the second

pair 34.
In other embodiments, at least one of the electrical component 94 and the
20  electrical component 96 may be configured to provide an electrical signal through the
conductive trace 36A of the first pair 32, the second interconnecting member 42, and
the conductive trace 36C of the second pair 34, and the conductive trace 36B of the first
pair 32, the first interconnecting member 40, and the conductive trace 36D of the
second pair 34 then may be used as a controlled impedence line to shield the
25  conductive trace 36A, the second interconnecting member 42, and the conductive
trace 36C from electromagnetic interference. Similarly, at least one of the electrical
component 94 and the electrical component 96 may be configured to provide an
electrical signal through the conductive trace 36B of the first pair 32, the first
interconnecting member 40, and the conductive trace 36D of the second pair 34, and
30 the conductive trace 36A of the first pair 32, the second interconnecting member 42,
and the conductive trace 36C of the second pair 34 then may be used as a controlled
impendence line to shield the conductive trace 36B, the first interconnecting

member 40, and the conductive trace 36D from electromagnetic interference.



electrical component 96 may be electrically coupled to the conductive traces 36C, 36D of the second
pair 34. In this configuration, electrical communication may be enabled and established between the
electrical component 94 and the electrical component 96 through the conductive trace 36A, the second
interconnecting member 42, and the 5 conductive trace 36C, and through conductive trace 36B, the
first interconnecting member 40, and the conductive tragg)36D. In this configuration, the electrical
component 94 and the e}%gt{i%%l}cgm%? teent 96 may be% corqlf}ggred ta &I%Ctﬁ (?acl (‘%on?imunic(gjtter with
one another through the conduc VE'structufe 36 uélnvg &}ﬁerenﬁﬁrgi\élnahr?g ec \r’uq\ﬁess’. S,&]iulegs?SOne of
the electrical compdnentcd4 feathttre dlectricahtdncomparsentt 98istamcdebeontigureartespoadidg aor

differential signal betV\ﬁ%ent e conlgéjuccttlve traces 3§A 36B afethe f{rstdpfg(l)rn%%z beiween the w&;{ te

. . complémentary ¢ 1ve paths or traces as EXLEN 0 ane in g Su .
Interconnecting mem%er EB arYd t%e second Interconnecting n?émxber 42, anth tween tﬁe conductive

traces 36C, 36D of thnetbecphahpair <. Jubsentain Emthodimentt)catdedsh gnefahthpredestricaéntion
component 94 and the electrical component 96 may be configured to provide 1 oltage difference
ofloss than oLk TS Corts B ILBR L S oF e SR RS s B B R e
first interconnectiogndvemzev40 dnd el drionndercphimeciing: mertiae 4@, ancllivetwken tinethe
conductive traces, 3?6%a§6D of the second pair 34. In other embodiments, at least one of the electrical
component 94 and the- 20 electrical component 96 may be configured to provide an electrical signal
through the conductive Vélcde3BAmeshet finstpain3Rs theesdestbittenderme ofingrmembet42dand the
conductive trace 3ofe 8‘&%}@@%‘6{?“% IoRs ufAnehing & %;éc“"%}g%%%% N trggiﬁgé& B3 Hpe first
interconnecting member , an the conductive trace of the secon pzﬁ}? then |¥1ay be Used as
a controlledliinpeoienwe Yinkilio s Hielartitkat2Becomdufotivestrat ecBbA ttde Badmmdadderoosn redtingns
member 42, and ig sonAcive Ve G (oM elasemagnets. niersrence- SRk ahigast one of
the electrical component anélthe e ectrlca?component may be configured to pI‘O\PI ea

electrical signal tifir@ughetipicbarilistivies trhtec 36B:nffi ohefidstipait BY thhelfirstsimteidofiboting member
40, and the conductive trace 36D of the second pair 34, and 30 the conductive trace 36A of the first
pair 32, the second interconnecting member 42, and the conductive trace 36C of the second pair 34
then may be used as a controlled impendence line to shield the conductive trace 36B, the first
interconnecting member 40, and the conductive trace 36D from electromagnetic interference. - 20 -
The teachings of the present invention may provide conductive vias, structures, and other features that
maintain a constant distance between corresponding or complementary conductive paths or traces as
they extend from one plane in a substrate to another plane in the substrate. Furthermore, the
teachings of the present invention 5 may be used to minimize the amount of area or "real estate" on a
substrate required for conductive vias that extend from one plane in a substrate to another plane in the
substrate. While the present invention has been described in terms of certain illustrated
embodiments and variations thereof, it will be understood and appreciated by those of



10ordinary skill in the art that the invention is not so limited. Rather, additions, deletions and
modifications to the illustrated embodiments may be effected without departing from the spirit and
scope of the invention as defined by the claims which follow. -21 - What is claimed is: An electronic
device comprising: an at least substantially planar substrate having at least one hole extending
therethrough; a first pair of electrically conductive traces, the first pair of electrically conductive traces
extending at leaM substantially parallel to one an6thet on or in the substrate; a second pair of
electrically conductive traces, the second pair of electrically conductive traces extending at least
substantially parallgjfg;egampethgr on or in the substrate; an electrically conductive first
interconnecting member extending through the at least one hole and electrically communicating with an
end of a first trace of the first pair and an end of a first trace of the second pair; and an electrically
conductive secondjinterceingetingnioainber &ppding: through the at least one hole and electrically
communicating with an end of a second t[)ace oLthe first )
an at least substantially planar substrate having at least one hole extending therethrough;
a first pair of electrically conductive traces, the first pair of electrically conductive traces
extending at least substantially parallel to one another on or in the substrate;
a second pair of electrically conductive traces, the second pair of electrically conductive
traces extending at least substantially parallel to one another on or in the
substrate;
an electrically conductive first interconnecting member extending through the at least one
hole and electrically communicating with an end of a first trace of the first pair
and an end of a first trace of the second pair; and
an electrically conductive second interconnecting member extending through the at least
one hole and electrically communicating with an end of a second trace of the first
pair and an end of a second trace of the second pair, the first interconnecting
member being separated from the second interconnecting member by a distance
that is at least substantially equal to a distance separating the electrically
conductive traces of the first pair and a distance separating the electrically
conductive traces of the second pair, wherein at least a portion of the second

interconnecting member completely surrounds the first interconnecting member.

2. The electronic device of claim 1, wherein the first pair of electrically
conductive traces extend at least substantially parallel to one another in a first plane on or
in the substrate and the second pair of electrically conductive traces extend at least
substantially parallel to one another in a second plane on or in the substrate, the second
plane being oriented at least substantially parallel to the first plane and separated

therefrom by a distance.

3. The electronic device of claim 1, wherein the distance separating the first
interconnecting member from the second interconnecting member is less than about 30

microns.



pair and an end of a second trace of the second pair, the first interconnecting member being separated
from the second interconnecting member by a distance that is at least substantially equal to a distance
separating the electrically conductive traces of the first pair and a distance separating the electrically
conductive traces of the second pair, wherein at least a portion of the second interconnecting member
completely surrounds the first interconnecting memgjer. 2. The electronic device of claim I, wherein
the first pair of electrically conductive traces extend at least substantially parallel to one another in a
first plane on or in the substrate and the second pair of electrically conductive traces extend at least
substantially parallel to one another in a second plane on or in the substrate, the second plane being
oriented at least supstantially parallel to the first plane and separated therefrom by a distance. = 3.
The electronic devfge of HFISCUMRLT S IFeCGrRRIR R8s eparating the first interconnecting member from
the second iHerdesneghinignieMpeints kesstthrrhaliayhBRaxore i le A2ending thefuathedagiionic device
comprising: an at Ieastfsibsttanﬁ ar st Eﬁ I ane |

first pair of eqegtgrliggfﬂlocg faUlve (AL the s S|Oa|re Of BIBLHrTe ﬁccgﬁa uctive traces extending at least
substantially parallettmding atrieikesubstottial lihpasilesatee asebenchpaiinothe ladisicatty conductive
traces, the second doair of e\tectrjc Illyc%%raggg\t/ig% g(r:gg,e[ﬁ extendingi at %%?.St sugftanti%ll%t vaerallel to one

llalleloﬁ(ljanar substra v'ng%.at F?St ane hole xt(%ndi{}gcggerethrough;a

asec%q alr of electrica e second pair of electrically con
another on or’in the substrate

traces extending at least substantially parallel to one another on or in the

substrate;

an electrically conductive first interconnecting member extending through the at least one
hole and electrically communicating with an end of a first trace of the first pair
and an end of a first trace of the second pair; and

an electrically conductive second interconnecting member extending through the at least
one hole and electrically communicating with an end of a second trace of the first
pair and an end of a second trace of the second pair, the first interconnecting
member being separated from the second interconnecting member by a distance
that is at least substantially equal to a distance separating the electrically
conductive traces of the first pair and a distance separating the electrically
conductive traces of the second pair;

wherein the first interconnecting member has a hollow at least substantially cylindrical
shape having an inner diameter, and wherein the second interconnecting member
has an at least substantially cylindrical shape having an outer diameter, the second

interconnecting member being disposed within the first interconnecting member.

5. The electronic device of claim 1, further comprising a dielectric material
disposed between the first interconnecting member and the second interconnecting

member.

6. The electronic device of claim 5, further comprising an additional
dielectric material disposed between the conductive traces of the first pair and the
conductive traces of the second pair, the additional dielectric material exhibiting a

dielectric constant that is greater than a dielectric constant exhibited by the dielectric



an electrically conductive first interconnecting member extending through the at least one hole and
electrically communicating with an end of a first trace of the first pair and an end of a first trace of the
second pair; and an electrically conductive second interconnecting member extending through the at
least one hole and electrically communicating with an end of a second trace of the first pair and an end
of a second trace of the second pair, the first interconnecting member being separated from the second
interconnecting member by a distance that is at Iéc?xét'substantially equal to a distance separating the
electrically conductive traces of the first pair and a distance separating the electrically conductive traces

of the secongapa|s| WREseln teafits! INtalRINNBLIIRBLNGE RRINRS MBeHOw:aldgast substantially
cylindrical shape having an inner diameter, and wherein the second interconnecting member has an at

least substatEAEFEHABEE 8RS he having an outer diameter, the second interconnecting member
being disposed within the first interconnecting member. 5. The electronic device of claim 1, further
comprising a dielectric material disposed between the first interconnecting member and the second

interconnecting mémber. 1€ SECHFRNGASHFSAE LI WhETEIRS flFRrEaistieh i bR Bdbitional

dielectric maieral flizpases: beivrenidee capduiciive bagrzoitibadishraioans ihg srAteetive traces of
the second pair, the addjtional dielectric matgria exhigegeisr:t%a%idielec ric constant that is greater than a
dielectric cotStA SRSV IS HasBAmDer 5L 3 s S BrignLRly Watss R AR & kerconnecting
member anddhesetrnsditiersonoating veernisiof the flrst feralet i enjadevicetetetaimie, wherein the
dielectric material exhibits a dielectric cgnstant th‘ﬁé rovides a capacitance between the first

interconnecti &tfﬁéelwb%qngﬁﬁt%eet@@ﬁ%ﬂ thffté?%%'h f'rng member that at least substantially matches a

capacitance between the electrically conductive traces of the first pair and a capacitance between the

electrically conduc§ive traces T tthe segond pair, . 8. 'Ehe.elﬁ]ctg)nic device o .cIann fl \{vherein the

. . , dne.electronic deyice o clabm4 W er%n [ lstancei separating the fits .
distance separating the firstintéerconnecting member from the second interconnecting member is less
than about 3@awionoeging menbehdrete chosticoddviterafnriedtimg nfanther isdesptisingtaaidlectric material
disposed between the first interconnecting member and the second interconnecting member. 10.

MICrons. . . . . . . .
The electronic device of claim 9, wherein the dielectric material comprises a polymer material.

9. The electronic device of claim 4, further comprising a dielectric material
disposed between the first interconnecting member and the second interconnecting

member.

10.  The electronic device of claim 9, wherein the dielectric material comprises

a polymer material.

11.  The electronic device of claim 9, further comprising an additional
dielectric material disposed between the conductive traces of the first pair and the
conductive traces of the second pair, the additional dielectric material exhibiting a
dielectric constant that is greater than a dielectric constant exhibited by the dielectric
material disposed between the first interconnecting member and the second

interconnecting member.

12. The electronic device of claim 9, wherein the dielectric material exhibits a
dielectric constant that provides a capacitance between the first interconnecting member
and the second interconnecting member that at least substantially matches a capacitance

between the electrically conductive traces of the first pair and a capacitance between the



11. The electronic device of claim 9, further comprising an additional dielectric material disposed
between the conductive traces of the first pair and the conductive traces of the second pair, the
additional dielectric material exhibiting a dielectric constant that is greater than a dielectric constant
exhibited by the dielectric material disposed between the first interconnecting member and the second
interconnecting member. 12. The electronic deyice of claim 9, wherein the dielectric material
exhibits a dielectric constant that provides a capaéién'ce between the first interconnecting member and
the second interconnecting member that at least substantially matches a capacitance between the

electrically cerdudive tarareldhadishpiie andm gapacitance between the - 24 - electrically
conductive traces of the second pair. 13. The electronic device of claim 4, wherein the first pair of

electrically conductive traces extend at least substantially parallel to one another in a first plane on or in

the substrate and the.secand glait@halelelrically camductiverirmogs fxiepdaifierstridistantially parallel
to one another i&lﬁ} second planegn ?r in thg substrate, t“ggecond ,Plfﬁ'e .beiqﬁ ?ri nted at least
substantially SAREV R S FFSIHIAAL S RS PRI RRPURLIR By Anglisr B TsUPlaRe AN 0 hod of
fabricating amelrciioricdeic ehassesnb lyaithel siatttiad| Bompdisirige praedengad atlbasst substantially

planar substra%ethavinl at Iiﬁﬁttone hole xtendin%thder through;.fO{rgigllgogttl a%afig%wair of

electrically cSHORRHNAY BARL S, L Rofi A FEALE SR aﬁE%l@oﬁa?élpe 1S WSS SHBY in the

substrate angdlanséeatopiaitited edetsicallytantidyjctivealtehoe sheXiendingeatnkt agpasatedtantially parallel to
one anothert%réro rin tlge SH%?tE%tee; forming an electrically conductive first interconnecting member
extending througe Pe Atieast bie hole and electrically communicating with an end of a first trace of the
first pair and an end of a first trace of the second pair; forming an electrically conductive second

interconnecting mempe; teﬁf;%gmgg 3?@3&&{{%%3%}?93‘_&”@ %glﬁe%g? t%?}fiﬁ?e”% %Hnunicating with an

end of a second trace o irst pair and an e a second trace of the’second pailr, the first
interconnectivgnpremiiger being separated from the second interconnecting member by a distance that is

at least substantally eial a,p.disianes seRaralngie slecitically sAnAUEIye iags of the first pai

and a distance separating the electrically conductive traces of the second pair; and forming at least a
portion of the second intekedeiitbegitpiedrabeiito completely surround the first interconnecting member.

forming at least a first pair of electrically conductive traces extending at least
substantially parallel to one another on or in the substrate and a second
pair of electrically conductive traces extending at least substantially
parallel to one another on or in the substrate;

forming an electrically conductive first interconnecting member extending
through the at least one hole and electrically communicating with an end
of a first trace of the first pair and an end of a first trace of the second pair;

forming an electrically conductive second interconnecting member extending
through the at least one hole and electrically communicating with an end
of a second trace of the first pair and an end of a second trace of the
second pair, the first interconnecting member being separated from the
second interconnecting member by a distance that is at least substantially
equal to a distance separating the electrically conductive traces of the first
pair and a distance separating the electrically conductive traces of the
second pair; and

forming at least a portion of the second interconnecting member to completely

surround the first interconnecting member.



-25 - 15. The method of claim 14, wherein providing an at least substantially planar substrate
having at least one hole extending therethrough comprises: providing an at least substantially planar
substrate; and forming the at least one hole through the substrate. 16. The method of claim 15,
wherein forming the at least one hole through the substrate comprises forming at least one at least
substantially cylindrical hole through the substrate, 17. The method of claim 14, wherein forming
an electrically conductive first interconnecting member comprises depositing a layer of conductive
material on exposed surfaces of the substrate within the at least one hole. 18. The method of

claim 17, further cemprisifg. prewisking é‘liﬁMeM,OM@@Htgi%mﬁF%’h%{ anaxpassthsusipcprefthe layer of
conductive material within the at least one hole. 19. The method of claim 18, wherein forming an

electrically cHPHIRENR AL 3hisastancditie etifsg HneHISET REHEHERERILSSsiting conductive material on

exposed surfaces lgfomgil@/@{ af sislecbitntalsrighndtiiibthatat dgast one hole. 20. The method of
claim 19, further camprising: removing a first portion of the first interconnecting member adjacent a first

major surface of tHa"GHB& a4 HIR Ok LiroBe: BAGHEH¥ing a second portion of the first

interconnecting member adjacent a second major surface of the substrate to create a second void.
21. The method of claim 20, wherejn éo ming at least a first.pair of e[%ctricall onductive traces
extending at least Xibsta %%Wﬁ%?éﬂ F rBr?é?a‘ﬁ%iWé? %‘B\ﬁ#]t{}?ea% g&r%{{%}/hoﬁ\%l tgrgg%‘éﬁ}lf pair of
electrically cobgtigtivertimeas fandingledsieast aubsianibathnpalialtsiiadeos! doktiteboghakdn the

substrate comprises:
substrate.

17.  The method of claim 14, wherein forming an electrically conductive first
interconnecting member comprises depositing a layer of conductive material on exposed

surfaces of the substrate within the at least one hole.

18.  The method of claim 17, further comprising providing a layer of dielectric
material on exposed surfaces of the layer of conductive material within the at least one

hole.

19.  The method of claim 18, wherein forming an electrically conductive
second interconnecting member comprises depositing conductive material on exposed

surfaces of the layer of dielectric material within the at least one hole.

20.  The method of claim 19, further comprising:

removing a first portion of the first interconnecting member adjacent a first major surface
of the substrate to create a first void; and

removing a second portion of the first interconnecting member adjacent a second major

surface of the substrate to create a second void.

21.  The method of claim 20, wherein forming at least a first pair of electrically
conductive traces extending at least substantially parallel to one another on or in the
substrate and a second pair of electrically conductive traces extending at least

substantially parallel to one another on or in the substrate comprises:



-26 - forming at least a first pair of electrically conductive traces on a first major surface of the
substrate, a conductive trace of the first pair of electrically conductive traces extending through the first
void to an end of the second interconnecting member adjacent the first major surface; and forming at
least a second pair of electrically conductive traces on a second major surface of the substrate, a
conductive trace of the second pair of electrically conductive traces extending through the second void
to an end of the second interconnecting member'a%%cent the second major surface. 22. The
method of claim 14, further comprising: providing a transmitting device configured to apply a differential

signal between thegandpativadiadastgltbefistRrifl pebreenithatitet iier¢ranasisng member and the
second interconnecting member, and between the conductive tr?cggné}f H\Be_se ond pair; providing a
yFthBa:

receiving device configurdd s seldhres e difereondreiysdrass e ﬁsﬁ*‘?ﬁﬁh‘i}l&%vice; and

establishing electrical coryneiitiaéieradzebrasditetirangmit Ty devidacnddineoteeivéogndevice through
the conductive traces of the firstépair., the firEt int .rconn%ct'%nrg member gnd‘the second interconnecting
member, and the conductl& PREEE B IS URELH ﬁggﬂl_t © NSLMAANSHY acﬁeofaagsigning an electrical
device assembly cfammpitigiagleaitansovhidng: deficke coodigucendictransaitseodiffesenithsignal to a

receiving device, the metho comprisin :Slrr)gc?wdln%dahsubsﬁrate h[eailn%at I(f?ast or][e_hole extending at

least partially therethrougsrlwl;r S&fel inS 2'conauctive pafftw“éex ré’ﬁ%i%g fom 2 fir8t ioeation disposed in a

plane on or in the substratieoie Hgcondulaoatinaeispaselinnthrsegorta ptanador of tinahensubstrate, a

first segment of the condgﬂh/eesggtrqd%gendin#ét[mourgh tge at leastt ane hole;, - 27 - copfcig.uring a first

. . Q ercon mogr adjace SE€CO major sur
pair or electrically conductive traces to exten |€ast su s?aﬁatlany paraﬁepgo orle anofher along a

second portion of the conductive path from the first location to the at least one hole and a second pair

of electrically condygctive fracesdo e tfe(ggli ;%tllfaﬁ;trﬁlép%%%lﬁi% arallel to one another along a third
e

portion of the conductive path from t e second location to't least one hole, the conductive traces
of the first ppieYiding stpaymiéichf dnyisaeamigited byaanlistadiereneat siztathieievaercds of the second

pair being Separat@&ﬁé?{ﬂ\%r{?aé‘&oéf‘ﬁ{ekﬁ’rstp&ﬂl%@&%%h the first interconnecting member and

the second interconnecting member, and between the conductive traces of the
second pair;

providing a receiving device configured to receive the differential signal applied by the
transmitting device; and

establishing electrical communication between the transmitting device and the receiving
device through the conductive traces of the first pair, the first interconnecting
member and the second interconnecting member, and the conductive traces of the

second pair.

23. A method of designing an electrical device assembly comprising a
transmitting device configured to transmit a differential signal to a receiving device, the
method comprising:

providing a substrate having at least one hole extending at least partially

therethrough;

selecting a conductive path extending from a first location disposed in a plane on

or in the substrate to a second location disposed in a second plane on or in
the substrate, a first segment of the conductive path extending through the

at least one hole;



configuring a conductive first interconnecting member to extend through the at least one hole and
communicate electrically with an end of a first trace of the first pair and an end of a first trace of the
second pair; configuring a conductive second interconnecting member to extend through the at least
one hole and communicate electrically with an end of a second trace of the first pair and an end of a
second trace of the second pair, the first interconnecting member being separated from the second
interconnecting member by a distance that is at Iéggt'substantially equal to the distance separating the
conductive traces of the first pair from one another and the conductive traces of the second pair from

one another; and forpping: Al 8 3Rt EpRRIEIC LIABRISRARIIN e IeRRIRS LRE Mgk to completely
surround the first interconnecting member. 24.The method of claim 23, wherein configuring a

conductive first interconnBEtHaHadmpRR e el it e A PriidreiBeting member to

have an at least substantigli.cy|irdsigrRiiape: fRvineanawand amateb RN WhrdeiRGoRligUring a
conductive second interconnecting member comprises configuring the second interconnecting member

to have a hollow at least B EHilF Ay SAPRLANHEAFRS $0 e HrerstisibRita . first

interconnecting member pging: pispasedonitiindhe seaangoitiet IR cHngLBIRePRN, flendistance
between the outer diameter of the first interconnecting member and the inner diame eh of the second

interconnecting member BEiRtF RIS QLA AHAIGASHART B9 thd GiSERTUE BETRSEHY 1he electrically
conductive traces of the fitst pair ssifgtbepaisiahfierneparaidigetty aleéstisadticonshitiivedraces of the -
28 - second pair. 25. The eéhod of&laimb24, Whereing}ﬁ distance Sﬁ%qégt}gg the first
interconnecting member FRRS (Rl e desha 'Fcoeﬁr}?e%‘?ﬁ?éa %rolgec%}?ﬁg 8y egégﬁ%%? than about
30 microns. 2fnTigaringthoshof aiatndirg jrsidveneainpristnthacie eingdttielediticernaterial to be

disposed between the fll’?t |£1tterr1%chrg)rllectlngomemb.er and the sgeon mtercggpg?%l}gtqrrg]cergper. 27.

, east 0 and tommunicate electrically with an en . .
The method of claim 26, Wherein Se ectinga glefeetiiccma erlalycomprlses selecting a dielectric material

that exhibits a dielectric acbastanptieirpravidebd capacitancd thetveeemdthaifirst interconnecting member

and the second inierconnecling memper allsastsubsianlall SouaLIa . cRRaGHANGS, hetyeen the
electrically conductive traces of the Tirst pair and a capacitarnte between the electrically conductive
traces of the second pairleast orgghofhenchethuduofalzinte2@|chlheiticemenikiiag sortfigliremg a

ansmitting device to coypynaIs slegtigally yith A Jeseiving dsviee hiaugh g egpguctive traces of

the first pair, the first interconnecting member, the second interconnecting member, and the conductive
traces of the second pairinterconnecting member being separated from the second interconnecting

member by a distance that is at least substantially equal to the distance
separating the conductive traces of the first pair from one another and the
conductive traces of the second pair from one another; and

forming at least a portion of the second interconnecting member to completely

surround the first interconnecting member.

24.  The method of claim 23, wherein configuring a conductive first
interconnecting member comprises configuring the first interconnecting member to have
an at least substantially cylindrical shape having an outer diameter, and wherein
configuring a conductive second interconnecting member comprises configuring the
second interconnecting member to have a hollow at least substantially cylindrical shape
having an inner diameter, the first interconnecting member being disposed within the
second interconnecting member, the distance between the outer diameter of the first
interconnecting member and the inner diameter of the second interconnecting member
being at least substantially equal to the distance separating the electrically conductive

traces of the first pair and the distance separating the electrically conductive traces of the



.28 -

second pair.

25.  The method of claim 24, wherein the distance separating the first
interconnecting member from the second interconnecting member is configured to be less

than about 30 microns.

26. The method of claim 23, further comprising selecting a dielectric material
to be disposed between the first interconnecting member and the second interconnecting

member.

27.  The method of claim 26, wherein selecting a dielectric material comprises
selecting a dielectric material that exhibits a dielectric constant that provides a
capacitance between the first interconnecting member and the second interconnecting
member at least substantially equal to a capacitance between the electrically conductive
traces of the first pair and a capacitance between the electrically conductive traces of the

second pair.

28.  The method of claim 23, further comprising configuring a transmitting
device to communicate electrically with a receiving device through the conductive traces
of the first pair, the first interconnecting member, the second interconnecting member,

and the conductive traces of the second pair.





