Slanted vias for electrical circuits on circuit boards and ot her substrates
TECHNI CAL FI ELD The foll ow ng disclosure relates generally to electrica
circuits on circui't boards, mcroelectronic devices, and other substrates
and, nore particularly, to conductive vias used with such circuits.
BACKGROUND Printed circuit boards (PCBs), printed wire boards (PWBs), and
simlar structures typically include a plurality of conductive |lines or
traces superinposed or "printed® on one or nore sides of a non-conductive
substrate. El ectronic conponents can be nounted to the substrate and

i nt erconnect ed by neans of wire bonds and/or solder attachnments to the
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100 supports a plurality of electronic components 130 (illustrated

schemati cal n FIG 1 and identified individually as electronic

conmponent sTEé@iIC/éEu FIBRP el ectronic conponents 130 can incl ude processing
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devi ces t)ﬂpiecf@llbwirfgodi@doaﬂe relateg egehematial to cileatricdl choaitdden icircowrhpatdsy s, cel |
phones, pehisRRRctroft aleaikss, dnditBer AABStrat€d NRY, nfdre Partivniaglyptodoeiustivelhe

el ect r oni iRZARPOREALEcHSkWke nounted to a non-conductive substrate 104 and
are interconnected by nmeans of an electrical circuit 110. The el ectri cal
circuit Iép k.%%ﬁ%ﬁﬁ a first conductive line 111 and a second conductive
line 112 disposed on a first surface 101 of the non-conductive substrate
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term nal SF ectronlc product
The electronic components 130 are mounted to a non-conductive substrate 104 and
are interconnected by means of an electrical circuit 110. The electrical circuit 110
includes a first conductive line 111 and a second conductive line 112 disposed on a
first surface 101 of the non-conductive substrate 104. The electrical circuit 110
further includes a third conductive line 113 and a fourth conductive line 114
disposed on a second surface 102 of the non-conductive substrate 104 opposite to
the first surface 101. The first conductive line 111 is electrically connected to the
third conductive line 113 by conductive material 123 in a first passage 121 that
extends vertically through the non-conductive substrate 104 from the first
conductive line 111 to the third conductive line 113. The second conductive line 112
is similarly connected to the fourth conductive line 114 by conductive material 124
in a second passage 122 that extends vertically through the non-conductive substrate
104 from the second conductive line 112 to the fourth conductive line 114. The
passages 121 and 122 are often referred to by those in the art as "plated through-
holes" or "vias."

Each of the conductive lines 111 114 includes a corresponding contact or terminal
(identified individually as a first terminal 115, a second terminal 116, a third
terminal 117, and a fourth terminal 118, respectively). The first electronic

1



(identified individually as a first termnal 115, a second termnal 116, a
third termnal 117, and a fourth term nal 118, respectively). The first

el ectronic 1 conponent 130a is electrically connected to the first

termnal 115 by a wire bond or solder attachnment 131 (shown
schematically). The second el ectronic conponent 130b, the third electronic
conponent 130c,.and the fourth el ectronic conponent 130d are electrically
connected to the second termnal 116, the third termnal 117, and the
fourth termnal 118, respectively, in a simlar manner. In the prior art
exanpl e of FIG. 1, the conductive path between the first terninal 115 and
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121 and t hesas9cRasSSRESHEe2 extending vertically through the
non-conducti ve substrate 104. In contrast to the PCB 100 descri bed above,
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fourth cdndudasithe fnr$tr¢enét1c41ve>lxrenld| rnds the seqond condusiide pssdgedisppsed o t he
third termnonthe firstl urfage 501] ofs theanadcandueting, substrathel (hilhd R 200ualsh
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third term nal 117. ere are nunber of shortcom ngs associated with
| ndi rect Cl%ngc%grtn% a%e e chasnug%t}n terminals, the PCB 200 includes a third conductive

line 213 extending from the first passage 121 to the fourth terminal 118, and a fourth
conductive line 214 extending from the second passage 122 to the third terminal
117. As illustrated in FIG. 2, the third and fourth conductive lines 213 and 214
describe somewhat indirect paths between the passages 121 and 122 and the
respective terminals. Specifically, the third conductive line 213 jogs away from the
third terminal 117 to provide clearance for the fourth conductive line 214, and the
fourth conductive line 214 routes around the first passage 121 before proceeding
toward the third terminal 117.

There are a number of shortcomings associated with indirect conductive lines such
as those described above with reference to FIG. 2. One shortcoming is that the
increased line length increases the resistance and inductance in the circuit, thereby
increasing the susceptibility to undesirable noise-related effects such as cross-talk.
Another shortcoming is that the increased line length can reduce signal strength and
increase signal delay. A further shortcoming is the additional material and
complexity associated with manufacturing jogged, rather than straight, conductive
lines.



as those described above with reference to FIG 2. One shortcomng is that
the increased line length increases the resistance and i nductance in the
circuit, thereby increasing the susceptibility to undesirable

noi se-rel ated effects such as cross-talk. Another shortcoming is that the
increased line length can reduce signal strength and increase signal
delay. A further shortcomng is the additional material and conplexity
associated with nmanufacturing jogged, rather than straight, conductive
lines. 2 BRIEF DESCRI PTION OF THE DRAWNGS FIG 1 is a partially schematic
isonetric view of a portion of a printed circuit board configured in
accordance with the prior art. FIG 2 is a partially schematic isonetric
~view of another printed circuit board configured in accordance with the

prior art. j i i£ isonmetric view of a portion of
an appar at@@a@ﬁﬁgﬁlﬁ‘@ﬁ{ QE%%W?&?M in accordance with an
enbodi nent__of the invention. FIG 4Ais a partially hidden top view, and
FIG 4B i £19- pds aipartially sehegeaticdsemstriewiew ag a pRgloagH frtnikd grcupiear. g 5
i s a particanpfigumsd eressordspes welythsf prégs asppar at us havi ng sl anted vi as
configured in accordance with another enbodi nent of the invention. FIG 6A
is a partiFGL Y v ddsntislyd schematiofis@metric cdew o anathdrapiimted axireett thoaed vi a
conf i gur edohfiged &1 skaokanyd whh theeprivriatr art, and FIG 6B is a partially
hi dden end view of a circuit board having a slanted via configured in
accor dancee hs Apar@AIROShERAtc Montdhe: LRWEHE & BrticREFALLERRESCGRVET ON A
Over view Ui ddlibOongulisichaRtimod GhahRemhodmEH: 3f iggnts of” printed
circuit boards, printed wring boards, and other substrates and
appar at us for .interconnectin el ect r.ani-C ,gonmponent.s., .One aspect of the
i nventi onﬁ%ﬁﬁr%@t@ﬁnﬁi@&f‘%ﬁ% pé’ﬂ)ep‘%raélfl&gb' flgrls iarﬁagllaég'rmg@?ni HY B %et r oni ¢
Aconponent§ff APPRLARS R &40 a3 di el ectric portion having a first surface
opposite to a second surface. Afirst termnal is disposed on the first
surface offIEhe igp ppeietly hiddgsten vigWr ofrancappaaeus syingoslanted yigs cenfigredboni ¢
conponent .in Accosdrwon ithenathan¢mbedigienipfdbelinyantidne second surface. of the
dielectric portion for connection to a second el ectronic conponent. The
appar at us HIGr bAeis & pattisileshidderpasd aisv @f tae cidéuig bbdrd chayingt heveetical @it ri
portion alcof@gied dgédoddtindalwithxihe ior @Rt efd #G. 6B is a partially hidden end

view of a circuit board having a slanted via configured in accordance with an

embodiment of the invention.

DETAILED DESCRIPTION
A. Overview

The following disclosure describes several embodiments of printed circuit boards,
printed wiring boards, and other substrates and apparatuses for interconnecting
electronic components. One aspect of the invention is directed toward an apparatus
for interconnecting electronic components that includes a dielectric portion having a
first surface opposite to a second surface. A first terminal is disposed on the first
surface of the dielectric portion for connection to a first electronic component. A
second terminal is disposed on the second surface of the dielectric portion for
connection to a second electronic component. The apparatus further includes a
passage extending through the dielectric portion along a longitudinal axis oriented at
an oblique angle relative to the first surface. The passage is at least partially filled
with conductive material to electrically connect the first terminal to the second
terminal.

Another aspect of the invention is directed toward a method for manufacturing an
apparatus for interconnecting electronic components. In one embodiment, the

3



an oblique angle relative to the first surface. The passage is at |east
partially filled wth conductive nmaterial to electrically connect the
first termnal to the second termnal. Another aspect of the inventioh is
directed toward a nmethod for manufacturing an apparatus for

i nterconnecting el ectronic conponents. In one enbodi ment, the 3 nethod
includes formng a first conductive line on a first surface of a dielectric
substrate, and form ng a second conductive |line on a second surface of the
dielectric substrate facing opposite to the first surface. The net hod
further includes extending a passage through the dielectric substrate from
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seni condu@eorfoae &rigcluding, , fogi lexammnleor migars @q}mnwar itede andhf Backpgedyl ass
subst r at espicrogleadryc davises Guels as packagedharicroglsesorié devises it sarkedehipt r at es
known to thdseflgfclop dirmegeynesks)! Acdondingly, thetternBpéted abovdetfar hat cnly wever al
enbodi menticdf béeedi Buiesdieon sacle ake samparsite bédnoinates,t tbut r elser egfee too circuit
boar ds anghieobREtr@RP AoRkpIEES Jubh @F ehidofditevivaRra(d Nokiliv@hor datemst andi ng
of such eghegideBitisrs), QA8 subftadds] SedBFE EhtdtBes Wald othBOWReS bl Ushiis often
associ at edy t?&r%&s%ﬁ&@n%%ﬁ@&ﬂ?r@ﬁxaﬂf&ﬂﬁ‘ﬁ{thé% forth bel 0w to avoid

unnecessar!l obscurlng t he descrlptlon of the various enbodi nents. Those

of ordi haig 01}( ' Idletaﬂs Ny 8 Serdl meb % er?t of Wle mvglﬂgo%r gre%gcrlbe@%%l/ Wlﬁlhat the

I nventi N I)énce Yo ciicult l’boa;rds and other apparatuses in order to provide a thorough
understanding of such embodiments. Other details describing well-known structures
often associated with such apparatuses are not set forth below to avoid unnecessarily
obscuring the description of the various embodiments. Those of ordinary skill in the
relevant art will understand, however, that the invention may have other
embodiments that include other elements in addition to those described below.
Alternatively, the invention may have still further embodiments that lack one or
more of the elements described below.

In the Figures, identical reference numbers identify identical or at least generally
similar elements. To facilitate the discussion of any particular element, the most
significant digit or digits of any reference number refer to the Figure in which that
element is first introduced. For example, element 310 is first introduced and
discussed with reference to FIG. 3.

B. Embodiments of Electrical Circuits Having Slanted Vias

FIG. 3 is a partially schematic isometric view of a portion of an apparatus 300
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enbodi nents that include other elenents in addition to those descri bed
below. Alternatively, the invention nay have still further enbodi nents
that |ack one or nore of the elenents described below. In the Figures,

i dentical reference nunbers identify identical or at |east generally
simlar elements. To facilitate the discussion of any particul ar el enent,
the nost significant digit or digits of any reference nunber refer to the
Figure in which that elenment is first introduced. For exanple, elenment 310
is first introduced and discussed with reference to FIG 3. B. Enbodi nents
of Electrical Crcuits Having Slanted Vias FIG 3 is a partially schematic
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t he appar airbgits300 can represent yet other structures having el ectrical
circuits. In the illustrated enbodi ment, the electrical circuit 310
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second t eBddatal thafitst epmbictive ihd §1 1c ende second dergunal i3d 6 slastricalnicennsgisponent
330b t o t hecsadahdtroodwationent 3306 t8 2. seBomd ¢aduytivealine hi2: §irhdarky,pal 317
el ectri catdisd comitat 337 &lddnidatly adoaatdtoni third cigamoaitt cadfmehn330weto fheurt h
conduct i veouriln@ndddiveantd 34 and bifolel rmalal 318 eRlcgially eahhestsCOMIRHL S a
fourth eEE@&&ﬁHb&nﬁ&ﬁﬁ@ﬂﬁﬂhn%ﬁ@ﬂthmh&ﬁnR@th3$@ndUCt'Ve line 313. In one
aspect of this enbodinent, a first slanted via 341 (hereinafter the first

"passage” (341} RutendsutNLANGRIAL Hiileahiba R OheAhiRl 4 s | T St

| ongi t udi pelssage 341) extends through the dielectric portion 304 along a first longitudinal

axis 361, and a second slanted via 342 (hereinafter the second "passage" 342)
extends through the dielectric portion 304 along a second longitudinal axis 362. The
first longitudinal axis 361 intersects the first conductive line 311 and the third
conductive line 313, and forms an oblique angle relative to the first surface 301 of
the dielectric portion 304. The second longitudinal axis 362 intersects the second
conductive line 312 and the fourth conductive line 314, and also forms an oblique
angle relative to the first surface 301 of the dielectric portion 304. The first passage
341 is at least partially filled with conductive material 343 to electrically connect the
first conductive line 311 to the third conductive line 313. Similarly, the second
passage 342 is at least partially filled with conductive material 344 to electrically
connect the second conductive line 312 to the fourth conductive line 314.

The apparatus 300 can be manufactured in a number of different ways and with a
number of different materials depending on the particular application or the intended
use. In a circuit board embodiment, for example, the dielectric portion 304 can
include a glass-reinforced polymer laminate (e.g., FR-4) having a copper foil
laminated to both the first surface 301 and the second surface 302. The copper foil
forms the basis of the conductive lines 311 314. The passages 341 and 342 can be
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axis 361, and a second slanted via 342 (hereinafter the second "passage"
342) extends through the dielectric portion 304 along a second

| ongi tudi nal axis 362 The first longitudinal axis 361 intersects the
first conductive line 311 and the third conductive line 313, and forns an
oblique angle relative to the first surface 301 of the dielectric portion
304. The second longitudinal axis 362 intersects the second conductive
line 312 and the fourth conductive Iine 314, and al so forns an oblique
angle relative to the first surface 301 of the dielectric portion 304. The
first passage 341 is at least partially filled wth conductive materi al
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,,conductive e

partially g? %fl %g hgf(:n uc a?{\’ll%l %ﬁtﬁﬁﬁ%} 9 5@1 ISQEﬁb Ty ca?fl{" connect t he

second cort ive line 312 to the fourth conductive I|ne 314. The apparat us

300 can be nanufactured in a nunber of different wa and mﬁtal nunber of
di f f er ent Thgtrassages 3dkpehdth eoﬁlleqqgntbegopp@l}pé:ﬂecg IVCFQPP]S fabthetHel i nt ended
use. | n acehduasive lineddd te irdeandudtiye liag 3dpl and (ohshegseeprcb eandgciyesr t i on 304
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material angtRepectiRblySusthe Wi RIS 28R%r bhndiidnd 47 otildiesueamd usdthy® materi al
al so plat?lR Hﬁﬂkg. exposed areas of copper on the first and second

sur f aces and 302 to formthe conductive lines 311 314. The conducti ve

mat eri al Aeiﬁ,l? o Ude @llﬁ er c{l%ﬁggg(ﬁeg,g Bed tvglrﬁa}§ '?%Igm@asolc?&ps%he tin,

lead, etc embo rnents of the presenf 1nvent10n other m ufac urlr% processes ¢an be used
for other embodiments without departing from the spirit or scope of the present
disclosure. For example, in other embodiments of the invention, the apparatus 300
can be a portion of an electronic device, such as a microelectronic device. In a
microelectronic device, the dielectric portion 304 can be a portion of a silicon wafer
that contains one or more integrated circuits (i.e., a "die" or "chip"). In such
embodiments, the slanted vias of the present invention can be used as electrical
conduits for connecting two or more dies in, for example, a stacked-chip or flip-chip
arrangement. Accordingly, the slanted vias of the present invention are not limited to
circuit board applications, but extend to other apparatuses for interconnecting
electronic components at both the circuit board and microelectronic device level.

FIG. 4A is a partially hidden top view of the apparatus 300 of FIG. 3, and FIG. 4B is
a partially hidden end view of the apparatus 300 of FIG. 3, for the purpose of further
illustrating the spatial relationships between the various features of the electrical
circuit 310. As FIG. 4A illustrates, the second conductive line 312 is offset from the
first conductive line 311 in a first direction 471 on the first surface 301 of the
dielectric portion 304. The fourth conductive line 314 is offset from the third
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| ayer is stripped and the unwanted netallic material on the first and
second surfaces 301 and 302 around the conductive lines 311 314 is renoved
by a suitabl e process, such as chem cal etching. At this point in the
manuf acturi ng process, the electronic conmponents 330a d can be

el ectrically connected to the corresponding termnals 315 318,
respectively, using wre bonds, solder connections, or other suitable

met hods known in the art. Although the nethod of manufacturing described
above may be suitable for some enbodi nents of the present invention, other
manuf acturi ng processes can be used for other enbodi nents w thout

depar ting cfnggﬁtitvgqgl%pﬁ #3| {) (Hle §§c%ﬂ s%fa&éﬁ' EO? & Sde&k nd! Hgg (éf?)?luﬁ-ﬁ HaP s exar’rpl €,
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3, and FIG Is a partially hidden end view of the apparatus 300 of FIG

3, for th of .fur ji I I ps
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the di el éepdyctivpdings &1 serh 2 l4rdescribed aboveotiily éefeiracs inprianat FiG.of fSset from
t he thirdtha thertiget paths [of rthe PrFenininypticie edh NcEde PERCCSE speed dwlcond
di r ect i on redire ttheatle¢tsicalopgistsndecandandimgarice ris thedéircaist therebg decremsing tler , in t he
i 11 ust r at edsceptitsititymen tuntiéstrableu ndike-relatad udtfeactse dbiminge sigbdl itenabissieasA
appr oxi matfeltheraddvamnege of tiis tfemuréiiﬁ shat claredtipithy eeduireeless3teriandnd b t hird
conduct i VeadieMe #bdufadtudd tHa@aDbe@P patBxi BRb&liNom! Jigner vidstdffdr e usereicond
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361 of ttﬁg (E)Ief Oﬁaﬁéﬁg% gr%%%a n’itBra%HﬂtﬂaFr he first conductive line 311
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and the thir uctlve and forns a first obllque angl e 463
rel ative t he flrst surf #. g ectgi@ por on 304,
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present 1nvent10n is not limited to the partlcular arrangements illustrated in these

Figures. To the contrary, the slanted vias of the present invention can be used in a
multitude of other electrical circuit arrangements having more or fewer conductive
lines, terminals, and/or via elements than those shown in FIGS. 3 4B.

FIG. 5 is a partially hidden top view of an apparatus 500 having an electrical circuit
510 with slanted vias configured in accordance with another embodiment of the
invention. Many features of the apparatus 500 are at least generally similar in
structure and function to the corresponding features of the apparatus 300 described
in detail above with reference to FIGS. 3 4B. For example, the apparatus 500
includes a dielectric portion 504 having a first surface 501 and an opposing second
surface 502. A first conductive line 511 is disposed on the first surface 501 adjacent
to a second conductive line 512. Similarly, a third conductive line 513 is disposed on
the second surface 502 adjacent to a fourth conductive line 514. Each of the
conductive lines 511 514 includes a corresponding terminal 515 518, respectively. In
the illustrated embodiment, the first conductive line 511 is electrically connected to
the third conductive line 513 by a first passage 541 extending through the dielectric

7



conductive line 314, and fornms a second oblique angle 464 relative to the
first surface 301 of the dielectric portion 304. FIGS. 3 4B together
illustrate that slanting the passages 341 and 342 enables the third *
conductive line 313 and the fourth conductive |ine 314 to be at |east
generally straight and direct without any jogs. One advantage of this
feature over the jogged conductive lines 213 and 214 descri bed above with
reference to prior art FIG 2 is that the direct paths of the present

i nvention can increase processing speed and reduce the electrical

resi stance and inductance in the circuit, thereby decreasing the

suscepti biJ &y, 564 4 E'ﬁ%% é ﬁlﬁinﬁﬁa 1§5' f ﬂfnflﬁ%ésé%% B&h, 'cQG@hne
Jtransm SSISqQ 1s ecIn% qgeefo(&rth g hdu tQ/ 11 e9514§1y JirS% Qat hs
require I L[;g;tg‘ l?fg rt1 iqu ({u@) {m(gﬁ aths. In
addi ti on, és P die ’é‘fé?lo Fediy Oﬁgtaesi’eﬁ%ﬂ 3 ing with
conpl i cat @2ci rcwt boards having a | arge nunber of conductive |ines
conpressed into a small area. The spatial arrangenents of the features
i 11 ustr at ddheiapp@ptss 508 of BIGr & mayradfey certaip pdvantages over the apnsatpss® elul ar
enbodi nentFIGS. t3hdBi hewnsd die ofebr ngths yof thee corpluetentpathavieatwveon thes not
limted taemliralpdnfiaadl|5a8, ard betgyeeretitesterrhinalst Ylatad 517, tteederteFogtiiees. . To
the cont r apyaratub&S08] ABtiBGktMtedISInOFIG. 3¢ thy paBdbirel ShoeBit b@Ausathe fRasdaged in a
nul titude saf gidhs42 ekeabl bER! sighted Wibngd bl RIPARRNS B RAVArAAh8TEScBlive ewer
conduct i V%onchdc@i@é lintSHH &%laﬁso ﬁ&lﬁécpéloi{gﬁ Bt GBS TRVt AR GesiONE i N FI G5,

3 4B. Fl Gy hz?is %;pﬁéxﬁs %'345 Qha ¥4£W @lﬁs RAEARPRAL kiR AWV ng an
el ect 1 cal Ry ROl Gyl fh BT Cange Wi Lh
anot her en mventi((i)l n o{ ? ppar.atl us 500
are at % ’a o eso n?rrlaxary it in 5 o Vi BT BT B s

correspon IFe ?lﬁraé’g eSfeapnke SpHCLALeS 1Mo ¢ H@?&?l?rb&]ﬂculf CH&R éi‘fl oUhove with

ref erence aarttn omthg gpiriggF seoRs R the Preseat dipparuss- Jhesboice of slapifaglen

di el ect ri evifdepensronsba pariehlagapplichtien ansk the aawicalen design eonsEPpBsi ng second
surface 502. A first conductive line 511 is disposed on the first surface
501 adj acéiiG. 640 im = adiatly chidderc tend eviewnef Bh2api@iratnd 0Dy , coafighied din

conduct i vacddrdench haith shedpspoaedaah FIG.heB Secopaltisily haklen 202 vdelyademt to a
fourth corgphiuye6dobneorfichredEaE hcodrdbie weBNEH CdohtuRlithémest el padsénd Ncl udes
a correspoigdhient esganal FIGS S4B ln@s@ﬂa%cmevﬂﬂbm{yﬁofﬁﬂaa By bidaden atigd

enbodi men n{ Qecle§1 ﬁ rspOAHIC RIcH nkg Aest 2d F16868! %t neeoed to the
t.h' rd con egea 1fs @0 g’upﬁy lifle Ele&@%?lgggo % amdzﬁf the

dielectri |l arly,
t he secon n V%ﬂﬁc?ap Ssa§ gﬁg I}/ ac? %(]?‘Cttwe lPﬁgnglourt h
conducti v g thlr ductlve ine 613a positioned

adjacent to %ﬁrggrst conductlve , and a fourth conductive line 614a
positioned adjacent to the second conductlve line 612a. As FIG. 6A illustrates, the
vertical passage 621 precludes positioning the fourth conductive line 614a directly
beneath the first conductive line 611a, and positioning the third conductive line 613a
directly above the second conductive line 612a, should either of those positions be
desired.

Referring next to FIG. 6B, the apparatus 600b configured in accordance with the
present invention includes a first conductive line 611b electrically connected to a
second conductive line 612b by a slanted passage 641 at least partially filled with
conductive material 643. As FIG. 6B illustrates, slanting the passage 641 enables a
fourth conductive line 614b to be positioned directly beneath the first conductive
line 611b, and a third conductive line 613b to be positioned directly above the
second conductive line 612b, should either of those positions be desired. Further,
slanting the passage 641 enables a more efficient arrangement of the four conductive
lines 611b 614b because together they consume a narrower section of the apparatus
600b than the four conductive lines 611a 614a consume of the apparatus 600a.
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542 extending through the dielectric portion 504 along a second

| ongi tudinal axis 562. The apparatus 500 of FIG 5 may offer certain
advant ages over the apparatus 300 of FIGS. 3 4B because the overal

| engt hs of the conductive paths between the termnals 515 and 518, and
between the termnals 516 and 517, are shorter on the apparatus 500. As
illustrated in FIG 5, the paths are shorter because the passages 541 and
542 are not only slanted along a first axis 571 toward the respective
conductive lines, but are also slanted along a second axis 572 toward the
respective termnals. By slanting the passages 541 and 542 in this manner,
the conductive paths can be further shortened over the enbodi nent

-LLLUSLT AL ol iy ERR 25 ‘thn 5 Lpg)rre% 0;1@4 Yrat %ﬁ&?&% e%{boam' n@sa&fvthé Skjdkhid the art

will appr |atﬁ an
e | Py S fn EEAGUE. OherBpt i RHOFY om th
oo P e of afheeq JELFIE FRE diforie! 6‘? TG OB o™ L

depend on IPYF‘@USHr CEQFIdH)fg SfaptﬁPllB&%qU@ﬁ ig eptilaiterh ex¢eph |1ag b Yd&q @H’Peéé?gst raints.
FIG 6A islaimgartially hidden end view of an apparatus 600a configured in
accordance with the prior art, and FIG 6B is a partially hidden end view
of an apparatus 600b configured i n accordance with an enbodi nent of the
present invention. Together, FIGS. 6A B illustrate the flexibility offered
by slanted vias from a design perspective. Referring first to FIG 6A, the
prior art apparatus 600a includes a first conductive line 61la
electrically connected to a second conductive |line 612a by a verti cal
passage 621 at least partially filled with a conductive material 623. The
apparatus 600a further includes a third conductive |ine 613a positioned
adjacent to the first conductive line 611la, and a fourth conductive line
6l4a positioned adjacent to the second conductive line 612a. As FIG 6A
illustrates, the vertical passage 621 precludes positioning the fourth
conductive line 614a directly beneath the first conductive |ine 611 a, and
positioning the third conductive line 613a directly above the second
conductive line 612a, should either of those positions be desired.
Referring next to FIG 6B, the apparatus 600b configured in accordance with
the present invention includes a first conductive line 61 |b electrically
connected to a second conductive |ine 612b by a sl anted passage 641 at

| east partially filled wwth conductive material 643. As FIG 6B
illustrates, slanting the passage 641 enables a fourth conductive |ine
614b to be positioned directly beneath the first conductive 1line 611b, and
a third conductive line 613b to be positioned directly above the



second conductive line 612b, should either of those positions be desired.
Further, slanting the passage 641 enables a nore efficient arrangenent of
the four conductive |I|ines 611 b 614b because together they consune a
narrower section of the apparatus 600b than the four conductive lines 61lla
614a consunme of the apparatus 600a. 8 Fromthe foregoing, it wll be
appreci ated that specific enbodi nents of the invention have been descri bed
herein for purposes of illustration, but that various nodifications my be
made wi thout deviating fromthe spirit and scope of the invention.

Accordi ngly, the invention is not limted except as by the appended

clains. 9 & L 1. An apparatus for interconnecting electronic
_conponents, the apparatus conprising a dielectric portion having a first
surface an second surface ace faci 03|te to the

1 N
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non- par al ¥ ?fﬂf‘ﬁ&rf%‘ferg ?tqu‘ Wik 3
obl i que arf§f di€ FQ&?WﬁoﬁﬁkWﬁ@' Og F axm ﬁ%P?PPﬂ@I éﬁ lIﬁhssage is
at |east panrgifudima)axis apd grigpied aéa $809A PblARe rae slativedAdbc firs sushageer i al

af ter for nVhgeinaig sgpendepassegreissaconst patielhodillsd wighdusacpud porianepf al

el ectri caldop wiva aaterialhafter Horminge ppd melerain théh secondimortiarephrorductize  The
appar at us mdtegdl @lavtrically gonreets the thrdi teinmigal ta the fostth ¢amdnedt i ve |i ne di sposed
on the first surface of the dielectric portion and connecting the first
term nal t0 ThBeppirask of R 1Q Fudier onghicingY & fitatcond@tive Nink Rigspbiddsén passage;
and a secqRélfie@Reigsdei ofehd diBRctrié FROSE S PE B iraho figkt st 9o e filke
dielectri ﬁ)opt%rf bPBo ARG FO RS Al BY thd Eirst ﬁ;&@é& e; bRl Fs8@&ndt rldli&ive fisd Portion
of conduc dl%%séﬁi&? teAlechil Sifack idFShe BR ortion and connecting the second

terminal to the first portion of conductive material in the first passage.

3. The apparatus of claim 1 further comprising: a first conductive line disposed on
the first surface of the dielectric portion and connecting the first terminal to the first
portion of conductive material in the first passage; a second conductive line disposed
on the second surface of the dielectric portion and connecting the second terminal to
the first portion of conductive material in the first passage; a third conductive line
disposed on the first surface of the dielectric portion and connecting the third
terminal to the second portion of conductive material in the second passage, wherein
the third conductive line is offset from the first conductive line in a first direction;
and a fourth conductive line disposed on the second surface of the dielectric portion
and connecting the fourth terminal to the second portion of conductive material in
the second passage, wherein the fourth conductive line is offset from the second
conductive line in a second direction opposite to the first direction.

4. The apparatus of claim 1 wherein the dielectric portion includes a section of a
printed circuit board substrate.
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3. The apparatus of claim1 further conprising: a first conductive |ine

di sposed on the first surface of the dielectric portion and connecting the
first termnal to the first portion of conductive material in the first
passage; a second conductive |ine disposed on the second surface of the
dielectric portion and connecting the second termnal to the first portion
of conductive material in the first passage; a third conductive |ine

di sposed on the first surface of the dielectric portion and connecting the
third termnal to the second portion of conductive material in the second
passage, wherein the third conductive line is offset fromthe first
conductive line in a first direction; and a fourth conductive |ine

di sposed he second.surfac f. e, diel. i C - i d ecting
the four t - A0F APRETCE 8 At Samshan BSRUFHHE ORISR RS A ee bR | 1
second padS8BfECLPUYEFh the fourth . cond g%ive line is offset fron1{he
second ¢ ; SRR ET PR S VRN i SSelTe BPRIOE; PEES frectdn o
directionﬁﬁﬁWHWHEﬂ%H%aratus of claim1l wherein the dielectric-portion

i ncludes a section of a printed circuit board substrate. 10 5. The

appar at us 7fThe bpparatiis whelaigi h whiereinltheldeglectiic ppioniippart aCd waeeelectymet i on of
gl ass- reidsfgeced pol ynmer. 6. The apparatus of claim1l wherein the
dielectric portion includes a section of ceramc material. 7. The

appar at us gfrhglagparaths \Wrelghn WhereR @b QdlEdthic PoftiohARclidesiRirt ofd sificon _
m croel ecty, c device. 8. The apparatus of claim1 wherein the dielectric

portion includes part of a silicon wafer. 9. The apparatus of claim1l
wherein t i.rst SS 1S S t] hal | . arat us
of claim '@%@fgpﬁaﬁﬁé%?ﬁ?%q1?%?%§%é%eﬁ§&T%%%%%]g?&ég¥%P?%9% g@g?ﬁfﬁe
first pass and the second term.ngl is formed at a secaond end of the
first Bas s@gihe apppratys %‘ﬁﬁ@m ! “ﬁ’@%‘?ﬂ%&@cﬁfﬁﬂew%ﬂs OW-ZESF@EFC@Q\P@?%% bstrate
havi ng a fiirpitasiage pad dhesegondytespghis formediatea Sqcpad sud ghthedifst paseeeaci ng
opposite to the first surface; and an electrical circuit including: a
first conddchioiuitbpardeamprisiigby nomreofiductive substralediavihg st swolaceanduct i ve
substr at e;a secemt cmdaceotittusdcoué shifaee Gaing eppdsite tth éhe fict rmirfacy; fandearof  t he
non- condueldcitiab bibalir RicRidirg: hifirst copdasagdifeotaniell by theufiist turéacaefitlconduct i ve
subst r at e RhQRBAdRVE sEbstlaf di stettidnandactive, linshafeddbyt the skédnsitsupassage is at
| east par thahby.cohddcti®d sWbdihited d EifstpahRict i BAn& 1GeRE tHel Nén-BRidREiw after
form ng, Wigk&idlab afﬁ'rért%n%}ﬁgtfal 205 Al &G ORAHE Fik Y PadiBtLls R headl Stid1ycal |y
connects gyl fint 1%’9%8&%0‘11 &t tddiacti%e bliferial after forming, wherein the first

portion of conductive material electrically connects the first conductive line to the

second conductive line, and wherein the first longitudinal axis of the first passage is

oriented at a first oblique angle relative to the first surface of the non-conductive

substrate; a third conductive line carried by the first surface of the non-conductive

substrate; a fourth conductive line carried by the second surface of the non-

conductive substrate; and a second passage extending through the non-conductive

substrate along a second longitudinal axis, wherein the second passage is at least

partially filled with a second portion of conductive material after forming, wherein

the second portion of conductive material electrically connects the third conductive

line to the fourth conductive line, and wherein the second longitudinal axis is non-

parallel to the first longitudinal axis and is oriented at a second oblique angle

relative to the first surface of the non-conductive substrate.

12. The circuit board of claim 11 wherein the second longitudinal axis is oriented at
a third oblique angle relative to the first longitudinal axis of the first passage.

13. The circuit board of claim 11 wherein at least a portion of the third conductive
line is offset from the first conductive line in a first direction, and wherein at least a
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second conductive line, and wherein the first |ongitudinal axis of the
first passage is oriented at a first oblique angle relative to the first
surface of the non-conductive substrate; a third conductive line carried
by the first surface of the non-conductive substrate; a fourth conductive
line carried by the second surface of the non- conductive substrate; and a
second passage extending through the non-conductive substrate along a
second | ongi tudinal axis, wherein the second passage is at least partially
filled wwth a second portion of conductive material after form ng, wherein
t he second portion of conductive material electrically connects the third

conduct | V% idd6f 1@ thien EAURLAYVER Q%C(H*f ?ﬁlo!n{‘@ae ﬁ%@&xd’\&ﬁi’ tg‘\/etn?e gegond
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11 porti oneahdidiecfiauspostotodhe firstdirketivm. i s of f set fromthe second
conductive line in a second direction opposite to-the first direction. 14.
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the first cgo iﬂcq Lik hblﬂ&(ﬁi a fifst kbt éhﬁ&héﬂﬁ Fdl oHi Bﬁldﬁcﬁé g@@st a
porti on ofe,t e ULt kS e age%i

@ &Rmh @hi conductlve
l'i ne and ons £
opposi te Hx;flplogqo 1?%°(§?$8ﬂt elﬁrs AT 5 @E
conposi te eonGH YR g i jaf lepstqgral eOfggﬁ 1 ne fnne second
surface f &cfi'lrﬁ g:. ? éh”ECbCQTWéC‘FYer Hpe Ggpipgadh n‘ aﬁrtwél B awl e rcui t
i ncl udi ngseepnfljsusface ©OMPesits kaningie Eouaths @qr@tlcte\ﬁfdh 3viRgha dpwhosed on
the first esdippave <b$p0t5¢fbon®lmms¢§pn@ sicdgrierrattbe cqng@%@ddrnmtﬂdwﬂtewe thd ne
havi ng a feetocshdentivepland isort lekiss parsieldy offs¢thfeorh ithe thisiusdndueiwef litehie aconposi t e
| am nat e, swdoadelirectibhepsmitond teo fiekt clirevitor; ianfirst passtigd fasied phrouiplalthey of f set
from the tompbsieoathigid, tRe lfirfi@ntdportdod bf fe filist €siduetive Hnd, inddhe riguct i ve
l'i ne havi Bfd Bottidh ot 1RNAIARLhERAvE 1IHBONEGeipNhe fiest paQEa SN &Wafstaﬁa?tlﬂf the
conposi t e g £1ird phRYhdF £8 E'nYa%eﬁdl '&?cmhﬁ)\ﬁnﬂ% and Qi t}fae"ﬁjrsnoo” 1on
di sposed Qrtfo ofsc%ﬁ (51\/%% t@ﬁ%l 4 ctfl f&ﬁ}ﬂ?&k ttl?e T u%tw ‘ﬁé &)
fourth col ond'lelctlveri'ieneI %n(? S8 o ag)s% t 0];1 & pos ? la hllnerlt
conductiv?éF é% ﬁ 99@? d%h 318 yrst 5nf%$t|on a
first pas gslg ol.lr% etscﬁ: conductive line, and the thitd en po ion o
conductive wherein t e second passage is at least partially filled with a
second portion of conducuve material after forming, wherein the second portion of
conductive material electrically connects the second conductive line to the fourth
conductive line, and wherein the second passage is slanted relative to the first
passage.

16. The circuit board of claim 15 wherein the first passage extends along a
longitudinal axis oriented at an oblique angle relative to the first surface of the
composite laminate.

17. The circuit board of claim 15 wherein the first passage is slanted in a first
direction relative to the first surface of the composite laminate and the second
passage is slanted in a second direction different than the first direction.

18. The circuit board of claim 15, further comprising: a first electronic component
supported on the first surface of the composite laminate and electrically connected to
the first conductive line; and a second electronic component supported on the second
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conposite lam nate, the first end portion of the first conductive line, and
the third end portion of the third conductive |ine, wherein the first
passage is at least partially filled with a first portion of conductive
material after formng, and wherein the first portion of conductive
material electrically connects the first conductive line to the third
conductive line; and a second passage forned through the conposite
| am nate, the second end portion of the second conductive line, and the
third end portion of the third conductive Iine, wherein the second passage
is at least partially filled with a second portion of conductive materi al
after for wﬁeﬁfe' | Rof36isifC 4aAMaROBh Ofleical {ORBHALI AL (BRI (Bbnd
"“electrlcal Q% second con uctlve f to the fourth conductlve
line, and ereln the second passage is slanted relative to the flrst

assage. he.circuit ho | ai m,15. wherein t i rst passa
gxt engs aljjg d Scnl%‘ﬁ P‘[‘réoql% gg"%ﬁ%ﬂ?e@%@%ﬁ%‘ﬁ??ﬂlﬁi&c YRy FReS 3 atl ve to
the first denopetendhe tfyst S‘H&?ﬁ he ompasye damipate, ARd whergim 8t Kashry of
clai m 15 iesien af thﬁée‘rqndsctonéa@wdmeu i§ pstadigt toda pertignfofthe firsgicprductive
relative tlmethe first surface of the conposite | anminate and the second
passage is slanted in a second direction different than the first
di recti on.201&he Theuichbdaedibf clbiman § whleraih eienfirsbeontiuctivedinedodpostda:tha fir st
el ect r oni CrsOPRBESE the ToRPOSitedmDintd, Reheldin Bie thith lcagductile lileiscabmRred t e

| am nat e ap0imelsecdndl Eiftabd o £ BRNQRAFAIE BamihBe, hild Whe®BNAUGhdt MepdrtiBe of and a
second el gl il don i Rk pﬁr&as of¥fnlofFeh P{lﬁlduét%/eslﬂfface of the

conp03|te am nat e ect onnecte e second conductlve

i ne. CIICU boa i r.st. and .S

conduct v«%_-ll- e bocgf gé@:&? 1§ afteffin V*hg;'g PP L' Hefs SR

| ami nat e, 'ﬁeﬁ?m' %?thHMHbW@FHﬂn QCQ%@H He BRBUE RS I|ne is
paral | el toéi‘ |§ cHrtage ohherGomuosits i E‘?th%n Whetgin gtgeastRepationof t boar d
of clai m 1he tirdreonduative ling is paraldeldo énd e vertipad aligngpatopisled pertionmd the j r st
surface offirsttrondeniiyedinee | ami nate, wherein the third conductive line is

di sposed on the second surface of the conposite |am nate, and wherein at

| east a paet The ciatuit bbeed tofiictaiimcidndhietinvide Ifirsteandssepardaddndlictive linegpard | on of
the first deposkacsd ihe firktnRirfadelof thB@oMipbsitd amidd, dviRkeis tiad third andifeiei n t he
first condugdicti®e!imRs dr$ diipoRASEA RO sbhd §drfa§& oFUhé aempokitd MenmeRposi te

| 'am nat e, WRRLRIP1da6€, &Bﬁfoﬁ Fandyitd ¥gnduehite life N sRIBEY0 88 ih h»%rtﬁﬁpond
surface of 11&%61&%1&95' FionP0F M tfst c%ﬂgumrlﬁfe ath WhERH atAe P ﬂo?’porp

of the fourth conductive line is parallel to and in vertical alignment with a portion of
the second conductive line.

23. The circuit board of claim 15 wherein the composite laminate includes fiber
reinforced epoxy.

24. The circuit board of claim 15 wherein the first, second, third, and fourth
conductive lines include copper traces deposited on the composite laminate.

25. A method for manufacturing an apparatus for interconnecting electronic
components, the method comprising: forming a first conductive line on a first
surface of a dielectric substrate; forming a second conductive line on a second
surface of the dielectric substrate, the second surface of the dielectric substrate
facing opposite to the first surface of the dielectric substrate; forming a first passage
through the dielectric substrate from the first conductive line to the second
conductive line along a first longitudinal axis oriented at a first oblique angle
relative to the first surface of the dielectric substrate; after forming the first passage,
at least partially filling the first passage with a first portion of conductive material to
electrically connect the first conductive line to the second conductive line; forming a
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the third conductive line is parallel to and in vertical alignment with a
portion of the first conductive line. 22. The circuit board of claim15
wherein the first and second conductive |lines are disposed on the first
surface of the conposite |am nate, wherein the third and fourth conductive
|l i nes are di sposed on the second surface of the conposite |am nate,

wherein at | east a portion of the third conductive line is parallel to and
in vertical alignnent with a portion of the first conductive |ine, and
wherein at |least a portion of the fourth conductive line is parallel to
and in vertical alignnment with a portion of the second conductive |ine.

23. The CifiedibndRATAIRS of bR MIRuBRE LR difEcROTRARLEE LA SyinC! udes
fiber reig GhcHivE 1 %ym(gj%éco&ﬁt frfibd Gt cﬁ&@&éc% bt %xgin%n Clghiy the

. . €0
first, secon T an conductive .l ynes 1nclude er ,traces
eposi 1 oa M nUt gt 0 it sthyat® bith o’ urd R i o BP ol o7
appar at us PBIUSHNE JNE 3IpTed SeqanLIDet AR AXit BTN & SecPRL ORRqYFApele
conpri si ngelaivg P nirea sty seriacsnalicibe ydiclecic SHbsirats,  wherewy, the, secepd o

di el ectri gO@i@éinah@éi,s i sempargllel tedhe fisst denaiiudingl axip; ad afier dorsming M surface
of the di sbewdmassagets leaat partizlhelilimgdhesesond pessage withe sdémidguriorcoSubst r at e
f aci ng opposductive ondtéreal ftb red¢ctiseallyacoanedt thteéhidd ebeditctive lisalis tthaf@yrtf or m ng a
first passagductivbitiaelgh the dielectric substrate fromthe first conductive
line to the second conductive line along a first longitudinal axis .
oriented ak antikdhodbt LEHE 28NGh&ein Bk akird odductiVe lih i$ht RUST RGBS the

di el ect ri ¢rsUDRLMAINE: ARL LEAIUAVETIRE e il GitecBBR SAYE wheftin hASburiar tial Iy
(1011 ng ¢ 860 £ Haslane i U bittet AR 10 BlorfO0RLEVE BT al Lo

el ectrical q nneig’t fs’he .fltr otauc Jove i'ne To the second con‘gucti ve
line; for ﬁ?‘?\gﬁ‘ §1rei%pn[(mplpaa ¢8 %ﬁfsl €°1%e on the first surface of the

dielectric substrate; formng a fourth conductive line on the second
surface of the dielectric substrate; form n? a second passag}g t hrough t he
1

di el ect ri é7stbgpethod of chimiRevheipindorping dee st ppssege thepughdhe giglectic
conduct i veubsinate intlodes diilbeghadirstanagiagedi nal axis oriented at a second
oblique angle relative to the first surface of the dielectric substrate,
wher ei n t B8. Skkcmpthodlod i 23 wisdreiaxbsning tixofirsp psisghdecthrdughtthedielactic
| ongi t udi abstrawl if¢luadsdorhingthd ffsthargadeneith s&send passage, at | east
partially filling the second passage with a second portion of conductive
material 59 glHGhod 63 hind a bRuit Podrd, MRS ¥Sinpridhty: Qg of OUr th
conduct | V%b%:ﬂ-f%‘fhfo%@d, 1d @cfd’ﬁ%& Rbsithd! Bhane WELLLShdubEvd Bhd 6 Gafiguct i ve
line is Al e22558r BRM Ldifldnuctive substrate; forming a second conductive line on a
second surface of the non-conductive substrate, the second surface of the non-
conductive substrate facing opposite to the first surface of the non-conductive
substrate; forming a first passage through the non-conductive substrate from the first
conductive line to the second conductive line along a first longitudinal axis oriented
at a first oblique angle relative to the first surface of the non-conductive substrate;
after forming the first passage, at least partially filling the first passage with a first
portion of conductive material to electrically connect the first conductive line to the
second conductive line; forming a third conductive line on the first surface of the
non-conductive substrate; forming a fourth conductive line on the second surface of
the non-conductive substrate; forming a second passage through the non-conductive
substrate from the third conductive line to the fourth conductive line along a second
longitudinal axis oriented at a second oblique angle relative to the first surface of the
non-conductive substrate, wherein the second longitudinal axis is slanted relative to
the first longitudinal axis; after forming the second passage, at least partially filling
the second passage with a second portion of conductive material to electrically
connect the third conductive line to the fourth conductive line.

30. The method of claim 29, further comprising: laminating a first conductive layer
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offset fromthe first conductive line in a first direction, and wherein the
fourth conductive line is at least partially offset fromthe second
conductive line in a second direction opposite to the first direction. 27.
The met hod of claim25 wherein formng the first passage through the
dielectric substrate includes drilling the first passage. 28. The nethod
of claim25 wherein formng the first passage through the dielectric
substrate includes formng the first passage with a laser. 29. A nethod for
manufacturing a circuit board, the nethod conprising: formng a

fi ber-reinforced, non- conductive substrate; formng a first conductive |ine

on a first, t°hlér %?s?esuf)ffacé Ng BeNs&RARNGLENe @&é’ﬂ%ﬁef g’ lahfdfinB9a &es&iONd
- conduct i vely 06T A 5e4QN cg é’l ffaecei aaﬂ)éc;dbxt?agé ledie, the

second sur?f

t t he
first sur foumng fhe st polugtvol et% gratbs raﬁh? sz P%St
thﬁiugﬁuiﬁgﬁéﬁ%r&eﬂm&ﬁ%ﬂ% fhe réF? WFeaﬁfPrréfld FFdlaéf'eerlég e?lza?gthe

second conerfddi ganduptie Aing Ry éhef peeond| B thsl n%(kF@“b‘F‘i“@ntS%l&Ftraﬁ a first
obl i que angfledasgeraeyipg aportidneofthe speordie etl‘(ﬁlaﬁfe non- conducti ve
substrate; after formng the first passage, at |east partially filling the

first passag€hantthod of clagh 29phurthenconodristrgn darcinbtieg ahtse mietd] ldyer ehdetrical |y
connect t igstfsuffate efaheHeh-cygdueiinesdbstriteandsleminanting andetgidinvéal laper;onf or mi ng a
third congmctsbamad! stcerott iR hbi-sbndmfit@cabafatd, N@herdRdN faaiich Ghé st

substrat e’coﬁtﬁfcﬁ"v@ %né oh Y fiRt CRPRYGY kendd- %dﬁ@tl\?é@b%@ Retneles baameof the
non- condugg) g& bAHE: ﬁi%tor"ng?af‘ Qr 3f& re'i‘ﬁ%& tErs%H&iB ddM@uctjve
non- CondU(flth 0% ’tthJ %h&%ﬁ%a e B{ﬂ 1158 le'fcluld télﬁa% %/aé%urt h

conducti ve T |naI aX|s orle econd

obl i que aﬁﬁmémr ﬁlée[?eg%nql@e%ﬁga P rst surface of the non-conductive
substrate, wherein the second | ongitudinal axis.is sl ante rel atl ve to the
first | ongPt Lies mathodof glaimm £P cfurther Ganipyisines lanaiggiing fbﬁ aé[fﬂ” PR thet

parti al | y lrstispifpgs oftthenereémcmﬁse&g@atm gy laminagipg @ s imgaldeya iduct i ve
mat eri al the etwotr swhict yof twennerctonduetiveispbbtatm dwbereine farinyeg ttee tiiret f ourt h
conduct i veassagethr@izh heenomstolndactof substiate dgludes foinging @omde ithwongh tHeami nat i ng
a first cdindaad satdnd ayedl laybds whth blef.i rst surface of the non-conductive
substrate; and lam nating a second conductive |ayer on the second surface

of the nonscpRdMethbY 8 sldls b afufthe MR RIsihg: {hinhiieh 4 Rest flet-3layePBsltiet i ve 1ine
on the fi 1§§t sa Jeacﬁffheﬁoﬁ @&dﬁ@@v&%@ﬁ'&t&'éﬁ% léxﬂﬂﬁthﬁg'é%ecdnﬁ%é{ Q8ydr@PVi Ng a
P onducr Seh @CO H ShpEE M G i il s %%r e§ Eﬂfﬂﬁnﬁ{ ;1“2?2"

i ncl udes f H?C g’l’:‘ 1O ]du<'# he Bee tgaﬁ%luccg%&] i lfg ol thrd gt tl

irst and ond eta lay rs.

S-‘

34. The method of claim 29 wherein at least partially filling the first passage with a
first portion of conductive material includes depositing metal at least on the inner
walls of the passage.

35. An apparatus for interconnecting electronic components, the apparatus
comprising: non-conductive means having a first surface and a second surface, the
first surface facing opposite to the second surface; first conductive means disposed
on the first surface of the non-conductive means for connection to a first electronic
component; second conductive means disposed on the second surface of the non-
conductive means for connection to a second electronic component, the second
conductive means being laterally offset from the first conductive means; first
passage means formed in the non-conductive means at a first oblique angle relative
to the first surface of the non-conductive means; first plating means for filling at
least a portion of the first passage and directly connecting the first conductive means
on the first surface to the second conductive means on the second surface; third
conductive means disposed on the first surface of the non-conductive means; fourth
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31. The nethod of claim?29, further conprising: lamnating a first netal

| ayer on the first surface of the non-conductive substrate; and Ianlnatlng
a second netal layer on the second surface of the non-conductive
substrate, wherein formng the first conductive line on the first surface
of the non-conductive substrate includes etching away a portion of the
first nmetal |ayer, and wherein formng the second conductive |ine on the
second surface of the non-conductive substrate includes etching away a
portion of the second netal l|ayer. 32. The nethod of claim?29, further
conprising: lamnating a first nmetal layer on the first surface of the

non- conducgkhx&u% ah8poRA%y ROV W ReeSAIROY H%Bﬁducrm{eaﬂgﬁ l%et he
Second Sur e08 uc ge @&ﬁngg)% fa'te\fﬁfg é’[rﬁ&% th {rglc:gn 19({:[1% r}ge e first
passage throu

through t K&} as? a 8;3)8%5‘ ﬁbe g §P]§&%{1Vﬁ néealnglsaéra S‘J‘Sgn ‘?ﬁgq&t hod of
cl ai m 29, pglegrigfive shipriace of the Rofcopdpetig mess I"Vhle%ﬁl}éfheosi‘? first
surface ofPapsaee RSALTPBCAYIs] & thetfirat RAssagaansans; @1&%{%@1 Platias Agaet al
layer on fenBllisgcirssapprion oithe Recondmassagrined Aivectly touneciing thefhirdei n

f ormi ng t wendiictive mepas eatte fitst suréfse théhenfonrth sondistive mesuben thetseconde| udes
drilling autfadee t hrough the first and second netal |ayers. 34. The net hod
of claim29 wherein at |east partially filling the first passage with a

first por t3'60|Th@fap§>91%€1LéCM ¥RIBS £ ihdtein Med Wid@Scohdnasiet mesns Bt ¥rtiadllyl east on

the inner naldgd dlataGo RRSSBGRI cotductfd ARRAr at us for interconnecting
electronlc conponents, the apparatus conprising: non-conductive neans

having a t l7r %h éé&rgﬁé o?’%%ﬁl 35 Q’@{%QCH? Yhd ?ﬁ;% cohgl&‘ctl 'Iﬁéatngﬁ%l{l@ecg fir@tﬁ'

opposite

first surf:%i& @auﬂxe ﬁgrio el aptEaels dty o "

el ectroni &€ ﬁ?n CQIY RV BRSPS e?ré%ﬁ‘i’é‘ Gragistisg igf dispesedeond
surface ofhe fseonthnutaceatitie mopwondchiye MSANE onnect i on to a second el ectronic
conponent, the second conductive neans belng |aterally offset fromthe
first cond8cTheepparssnsof dains3sS whearxstnthe nopaoes tﬁ@wnemeamntcwerrmane&rductl ve
nmeans at aecihforsihg etobpayyenatngl e relative to the first surface of the

non- conductive neans; first plating nmeans for filling at |east a portion
of the finst ThagsASRuLGL]Sh 8BS WhiretDhaeohiddgdidtiee nhdapt irehidusdany €ormeans  on

t he flrStb@H&BQQ%hﬁQﬂ&Q@S§@&Q@ﬂﬁ§@@ fHe¥e nmeans on the second surface;
third conductive neans di sposed on e first surface of the non-conductive

nmeans; fourth 15 conductive neans dlsposed on the second surface of the
non- conducti ve means, the
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fourth conductive neans being laterally offset fromthe third conductive
nmeans; second passage neans fornmed in the non-conductive neans at a second
oblique angle relative to the first surface of the non-conductive neans,
wherein the second passage neans is non-parallel to the first passage
means; and second plating neans for filling at |least a portion of the
second passage and directly connecting the third conductive neans on the
first surface to the fourth conductive nmeans on the second surface. 36.
The apparatus of claim 35 wherein the first conductive neans is vertically
m saligned relative to the second conductive neans. 37. The apparatus of
claim 35 wherein the first conductAgsTﬁﬁﬁﬂs include a first conductive

. line disposed on the first surface o e non- conductlve neans and
wherei n the_ second. condugtive neans incl.ude ond, c ive, line

di sposed onSISai“Iﬁ?éPg@écfHH egqfﬁlcaaclé“‘iﬂmlsﬁgl ﬂB‘FPIEEHB’EfﬁS[ ‘?%0 r?él stgtesThe
apparatus of claim 35 wherein the non-conductive neans include nmeans for
rei nf or ci grcaut ypodsy mietoriertro@e deTiges, sppg antlariappafatusta hanias slahted eiias t he
non- conduaié declomdrierdindnuwade embadandnbran dppadiusgonintdreomkecting déctonrauct ur al
fibers togeipehentsd hchided RafelectT portied huviag affost saifacd andcabecond surtdcs. on
circuit boargls: ahifdl hRr dispdrstir &t abe @irktC binifadeOaf dife diBIEStOE | fReidro ThiC

devi ces, apfntibE %o APRAL dlcbEEic Q%iﬂ fert! ANSREnY| ‘t&ﬁnnzﬁrl@ d‘i’dp§§éd0§@%é”'er ein.
I'n one e ﬁf %fac@nofaﬁi%aﬁi%iéég Em olat rCORMEGHd 5@ rulsctm&fmponent s
i ncl udes Sh%t rTlhg R atrété ﬁt{ rngl?czllu rgt %ya{ surface.

A first t@}qu i%?%g#c portion
for connélt CIHCP8 lé’nﬂdi%gta (Plégd?lfi ﬁg%tﬁ an,&) f: Fil Na
di sposed & fiFd sﬁ??%ﬁbwdﬂ Fﬁ%lﬁp 9 Wi r??‘HdPﬁﬂn@BHﬁ%ctlon to
a second @ie@gfqagﬁp@nneeg%glﬁé'ﬁﬁtterpﬁgaggﬁlgﬁrsgp ePRkr i ncl udes a passage
extendi ng through the dielectric portion along a |ongitudinal axis
oriented &igwe blique angle relative to the first surface. The passage is

at least partially filled with conductive material electrically connecting
the first termnal to the second termnal. Figure 3

17



