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SLANTED VI AS FOR ELECTRICAL CIRCU TS ON Cl RCU T BOARDS AND OTHER
SUBSTRATES TECHNI CAL FI ELD [0001] The follow ng disclosure rel ates
generally to electrical circuits on circuit boards, mcroel ectronic

devi ces, and other substrates and, nore particularly, to conductive vias
used with such circuits. BACKGROUND [ 0002] 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 o3LANTIENWASEFOR EMECERICHLr QIRCUIESaN OIRCOIT BOARDIEAND can be
mounted to the substrate and inte e ' ans of wre bonds and/or
sol der attachnents to the conducté@égﬁﬁﬁégnggggge 1, for exanple, is an
isometric viewillustrating a portion of a PCB 100 configured in _
accordance with the prior art. The PCB 100 supports a plurality of

el ectronic conmponents 130 (illustrated schematically in Figure 1 and
identified i ncEWHNIEAY FIEAD el ectronic conponents 130a-d). The el ectronic
conmponents 130 can include processing devices, routing devices, nenory

devi ces i @pd ot her ThypPBiowhy &lifdsUR datedSyd ﬁlytt)ﬂpél&?&ﬁééf dirdtid oﬂ”c'rcuit
conventional circuit boards in conputers,”ce phones, persona olat a :
assi stants, dm@rds, hoicraslesbonioegicps.oaht bther [s0biBitesThad, aheret particdadyortponent s

130 are ”Duntc%%fl&iv% %%S%SMH%L%N%@]%SHate 104 and are interconnected

by neans of an electrical Circul The electrical circuit 110 incl udes
a first conductive line 111 and a second conductive line 112 disposed on a
first surfacBACHGBROWN2 non-conductive substrate 104. The el ectri cal
circuit 110 further includes a third conductive line 113 and a fourth

on- condied i v subet 8 PG EAE (BCBEF IR WrB et (AVEL] el sipler o
conducti ve | istectutgs fypicelheimclude &l plyralifylsfa2hdgatys 16k 4P 0828 hjeriipb8ad4 . -1

S or “printed” on one or more sides of a non-conductive substrate. Electronic

components can be mounted to the substrate and interconnected by means of

wire bonds andfor solder attachments to the conductive fines. Figure 1, for

example, is an isometric view illustrating a portion of a PCB 100 configured in

accordance with the prior art. The PCB 100 supports a plurality of electronic

components 130 (illustrated schematically in Figure 1 and identified individually as

electronic components 130a-d). The electronic components 130 can include

processing devices, routing devices, memory dévices and other types of electronic

devices typically found on conventional circuit boards in computers, cell phones,

personal data assistants, and other electronic products.

[0003] The electronic componenté 130 are mounted t6 a 'non-conductive substrate

‘ 104 and are interconnected by means of an electrical circuit 110. The electrical

circuit 110 includes a first conductive fine 111 and a second conductive line 112

disposed on a first surface 101 of the non-conductivé substrate 104. The electrical

circuit 110 further includes a third conductive liné 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
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connected to the third conductive |ine 113 by conductive material 123 in a
first passage 121 that extends vertically through the non-conductive
substrate 104 fromthe first conductive line 111 to the third conductive
line 113. The second conductive line 112 is simlarly connected to the
fourth conductive line 114 by conductive material 124 in a second passage
122 that extends verticall% t hrough the non-conductive substrate 104 from

t he second cofRieeieddothad deLQOQQS'CWfb““EF A3ty hddcivei nateriaint23) ia ffﬁte
passages 121 gnda é@%ﬁr@lapfekféﬂdﬁ Q/Eﬁircal‘ﬁﬂ Hr8 éWthet ﬂ&?@oﬁcﬂlc l\naesaﬁ%lﬁé 1 El at ed

t hrough-hol es” or ""vias 0004] Eac e con uctlve I nes
i ncl udes a ccffCPl'ésIb@rﬁmtrf@ndUﬂiNadmeo‘lﬁ1 iloeilhmthmdl c():ndieznva flm@d18ndfhe gemindy as a

first termn Afire nal te 117 nd a
fourth term ﬁtl' n%lﬁl@/ lr"gesg&e)éc]?sl %‘ﬁfﬂg}ly C?H%eq‘ ?CF ch ﬂéq L&"?‘P 5’8%% b¥30a S
el ectrical |y comdoetbiecdatetalt 12% ihid sécondrprssade 125tHaY eRtells Gerlioay thﬂbrugﬁoI der

attachnment 13 (shown schemat i cal | The second el ectroni¢c conpo
130b, the thit %8 RANEQNdYRive @dﬂ?ﬁaﬁe?@‘* fro the, secandecansiyeiive E’T%éf‘?dﬁlf@e

conponent 130Gy %oﬁdizﬂfﬁbé lif@lthy, oeRNeEkaged 921 BRd 995 And olt&l ’F(%f@ﬁ]ed Moy t

third termnal 117, and the fourth terntnal 118, respective In a
sinilar manndhosq Ddosprtias "platedghrough-selesharaiiasd of Figure 1, the conducti ve

path betygen the fH gty tﬁfﬁéﬂcﬁ@iwell A *mlnkl?éégﬁ%%ﬁ%&ﬁgibnﬁ%dqtgﬁ (L he

conductlve pat h between second term nal nal
118, are rel defmisdly(idantiied) irdivichallylias e first términad 4d5) & spctraivarminal itt16) a not

unconmon for t.h n re, Rairs orres ding .
ternminals to th?%éés)r%] o hﬂzt Aey A %V%Bgfrnl‘i?ﬂu“% 2eP, Ctﬁ’r‘f’ly3 f') lﬁ g’W“C
illustrati n]g conpinthD B0 is &tleiuridany ladjriner@ 3QRe ifi Eﬂst tté#iﬂlr@ﬂ 1H5"byFaa¢vh§ bbﬁ@i ween
two pairs of corr er s cross each ather

f eat 5r es of tHeS ?J%BPZ%%CQ'%Q”EH%eZ@P“@eﬁéP%WP@FaQY)m | dhe ?P@f‘ﬁ*u@[elf}?@mﬁnd
function to @ &gﬁ@@mmm tﬁ@ﬁﬁﬂdreﬁéct@nlé B&nﬁ&%n@qgoéjea%@th@%’urﬁb@%@trgﬁ@r

exanple, the PCB 200 includes the first conductive |ine e second
conduct i ve | iGegpongnt Hlsharecledicallnsonneated tuiheasssond terminal H46, the third

non- conduct i ‘f@rnﬁH@sﬁ?aéﬁd ﬂwgi%tgtmgrmlﬁ% 1%0PesPbaRely i A dGfal MEnddr" St Passage

121 and the secon passage
[0005] In the prior art example of Figure 1, the conductive path between the first

terminal 115 and the third terminal 117, and the conductive path between the
second terminal 116 and the fourth terminal 118, are relatively straight and direct.
In practice, however, it is not uncommon for the paths between two or more pairs
of corresponding terminals to cross each other. )

(0006} Figure 2 is an isometric view illustrating a portlon of a prior art PCB 200 in
which the paths between two pairs of corresponding terminals cross each other.
Many of the features of the PCB 200 are at least generally similar in structure and
function to corresponding features of the PCB 100 deécribed above. For example,
the PCB 200 includes the first conductive line 111 and the second conductive line
112 disposed on the first surface 101 of the non-conductive substrate 104. The
PCB 200 also includes the first passage 121 and the second passage 122
extending vertically through the non-conductive substrate 104. [n contrast to the

PCB 100 described above, however, in the example of Figure 2 the first terminal
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extending vertically through the non-conductive substrate 104. |In contrast
to the PCB 100 descri bed above, however, in the exanple of Figure 2 the
first termnal [ 10829-8793] SL042080. 2651 -2- 8118104 115 is electrically
connected to the fourth termnal 118, and the second termnal 116 is

el ectrically connected to the third termnal 117. [0007] To accommodate the

change in terﬂH]al sI tt.hqI PCB 2’80di n% u%es a third conductive line 213
ext endi ng fr ot ReSPFFEHIY s20a8Hed 19 fhe fputh dermingl 1118 apdhiheapecopddermipgl a
fourth conductidie didontcallyldorgeeeadb fe: thir@ ki $egond passage 122 to the
third termnal 117. As illustrated in Figure 2, the third and fourth

conduct iR®7 | i nes T@18cconnedalie dass change inoterninals, thedPEBCR0Ginchidedet thirdn t he
passages 121 : &enk i 4pecifical t.he third
conductive | i%cgﬂgﬁ%%z E"%ng?%\l%gt?h?'rﬁgm t h\eﬂ% ﬁlférIE (?a F%rg?}i 1nzejl E’l% ft%g‘rté?{%wl

cl earance for1t&hanfiguiouth condubiiee line 2114 erteBding frontthehecbd passagendzcbi ve

line 214 t the, first. 121 bef djng toward th
Lhird term e s s 1 oy eRtnuatEr Biiale DS HIRrafongh heddeivar ed
Wi th indirectinesr®iBcdridve14 Hédtfibe Suazwhat NARSE FHARCHEREBEN AROYEsHgbs 121

reference to If]iﬂgﬁe 2. One sho_rtcom_ﬁr;é is that the increased |Iine |ength

i ncreases t hé% = pagh&e wEBeqie dermip'e iSpeeifeallycthedthind condustivnjing dBeasi ng
- the susceptihbdd laa relasd AR Gefiha®11#! B! BRVRE BEhdnes UEP 8 fourtn
cross-tal k. Another "'shortcoming is that the ihcreased lI'tnée I'ength can
reduce si gnalcosguetivgtiineadth, iangr dasioudh gandudtiue dipe 244f routdsearoshd the dinstng i s

the additio i i oci.at ed wi,t.h manufacturing

jogged, rathdr aﬁ“s?‘lffa'?gﬁ??&??ﬁﬁé‘é"%‘?ﬁvtﬁgﬁ"ﬁ‘ef Il ME FGOR PT1 ON OB THE

DRAW NGB0dd)009] FiTheareeart a swanbpaof ishbitgonsindie aeddciatéds it tindifecy icondwitive
ccordance with the prior

portion of arinted ircuit board configyred i
art. 10010] rl'ﬁS%Pag‘ka? friogs @8?% B 2oL IR ERIPENFS BoNe 2 DBs BT eeinger
printed circus thatltharstreasedi lmeriefgth n@eaSYsOMBGEsidahbe BRE iMiucincalih -thd 0011]
Figure 3 is a,gart hal I ¥ Sschematic isonetric view of a portion of an
appar at us 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,
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FFigure 1 is a partially schematic isometric view of a portion of a printed
circuit board configured in accordance with the prior art. '

[0010] Figure 2 is a partially schematic isometric view of another printed circuit
board configured in accordance with the prior art.

[0011] Figure 3 is a partially schematic isometric view of a portion of an apparatus
having slanted vias configured in accordance with an embodiment of the invention.

[0012] Figure 4A is a partially hidden top view, and Figure 4B is a partially hidden |
end view, of the apparatus of Figure 3.
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havi ng sl anted vias configured in accordance with an enbodi nrent of the

I nvention. [0012] Figure 4Ais a partially hidden top view, and Figure 4B
is a partially hidden end view, of the apparatus of Figure 3.

[ 10829- 87931SL042080. 265] -3- 8118104 [0013] Figure 5 is a partially

hi dden top view of an apparatus having slanted vias configured in
accordance w th angt her_ enbodi nent of the invention. [0014] Figure 6Ais a
parti al I§°"Hi dden EH@Hri%iy 2opartiall hidden tapodewd oh an iapgaratusehavingaslanted aias

configured i ”ccﬁ’ﬁ“ﬁﬁfe@e}ﬁﬁécd%érﬂetm@] Aneld eﬁ{btom anﬁhgliﬂ‘/%n@ is a partially

hi dden end view of a circuit board havi Vit ebinf | gured in
accor darieg4wi t h arFigweibdds mepartialy hiten emtaw&wmﬁa dDeliAbb&id HAuGRY Paitic A.

Overvi ew [00 ow n d| sclosure.des ral enbodi nents of
printed cir Cﬂl‘lﬁ% cg%@f%sm PP 889 \Wn'tB% p%?faﬁ’ﬁ z:sr'ﬂi"%ﬁﬁé? afip@lly fiddenang

appar at uses fard vnewtcﬁraC@mmbbarlalgweﬁrir@Cé bRAteE MB&Q@@F&ﬁm de06rdantehith @h the
I nvention is di B?Cﬁt ed toward an apparatus for interconnecting electronic

conponent s t HAPPIHRERRIShINVeRtONect ric portion having a first surface
opposite to a second surface. Afirst termnal is disposed on the first

surface of thBEPAREECDESCRIDMONON for connection to a first electronic
conponent. A second termnal is disposed on the second surface of the

dielectric portion for connection to a second el ectroni c conponent. The
apparatus further b—ﬁ@(—%es a passage extending through the dielectric-

~portionpomong a hﬁ@%ﬁdﬁﬂhd‘@lsc@éur@ Gﬁécﬁﬂésege\%?alaé?n%nh%\’tﬁ d?gﬁhf‘edrﬁk‘%ﬁ' ve to

the first surface. The passage is at |least partially
conduct i ve meR08F4sa| Prifed| wisingi baandy, anenmhar sm@tmtﬁstanﬂelapparatusea fane

second et m ibrooh A0k ABAIAR CGRASENIE! LB LBYER 8 nichtlh 5 Bleh 01 ¢

a nethod for manufactldring an apparatus SREEr Connecy
conponent s. |tewalgean a@nb@msnf@ntlntetdmenemmgoeiecttmimdmepdrmnm ttgat dndludest a

gogggg;idvgolni Qg%ﬁohir?@sfé%\ﬁry Secrghag}cfacae g;');%seigtty ¢ s2ubs Sse. 2 " M g

- termmal is disposed on the first surface of the dielectric portion for connection fo 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.

[00186] Another aspect of the invention is directed toward a method for
manufacturing an apparatus for interconnecting electronic components. In one
embodiment, the method includes forming a first coﬁductive line on a first surface
of a dielectric substrate, and forming a second conductive line on a second
surface of the dielectric substrate facing opposite to the first surface. The method
further includes extending a passage through the dielectric substrate from the first
conductive line to the second conductive line, and at least partially filling the
passage with conductive material to electrically connect the first conductive line to

the second conductive line. In one aspect of this. embodiment, the passage
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surface of the dielectric substrate facing opposite to the first surface.
The nmethod further includes extending a passage through the dielectric
substrate fromthe first conductive line to the second conductive |ine,
and at least partially filling the passage with conductive material to
electrically connect the first conductive line to the second conductive
line. In one aspect of this. enbodi nent, the passage

[ 10829- 8793/ Sexandtivesh the. digiesise Gabsirate mienat & lagghdinaleaxis efiented iat an
substrate al oQgidal i L nal ] | bl.i gue angle relative
to the first éﬁ?@g@@@%frgltéﬂ\é@%i%?ﬁ@? ?'?@Cg%g%rtg{éigaﬂﬁagqsﬁl%mny specific

det ai | s [of171t he pr ddanmyt spevifentetaits af ¢ha pemsehb edebinoarandtdtribes fieicn @6tht o
circuit boards, such.as.printed circuit boards.and printed wring ,boards.
The present | KVERITORC Gﬂ{g't}\'/t\p@?fdsi SURYH @S| Pr!‘ﬁ%?‘gd:'ergé)t?@Fdﬂsls??%d){‘ﬂfe@s‘.""‘rinﬁdee_d,
the terms "dilgd64.r The pRYSEHIAAVENtioN] KIVRSEF, iCn@ Ul 3 Such SRR NMmABegluct i ve
substrate" as used throughout this disclosure do not refer-solely to

circuit boar dNetPRS Giedacinic nestieme "didientriapybstiates’'sand; 'apfrsondycive ulsiate! t o
other struct %@ﬁsé@ﬁﬁoﬂ&%ﬁhtfﬁ‘?@&&sdr@.do tGBref ISSI%erJgC&IJCU?IbBQISiI Lifcflirgs.f o med
I ncludi ng, for exanple,™ mcroelectronic devices dn pac'kage

m cr oel ect r onlethgespntreyy, thesge terass piee begpelty 1oiather estracturesniponoehichc aisd/of in

t acked- chi Lp-.chi t.s)..Accordingl the terns listed
above refor  ngieesticaPaielE R BRAERERHEY: o e Pdeaerlipale s

| ami nat Ss, budnd ;?édxagemﬁwroéi@ctfﬁnwm@@t(s@:& m&@&ﬁ?oeléc?@hic?ﬁevicles

seni conductor, wafers, (e.g.,,, sjilicon or gallium arsenjde wafers), glass
substrat es, dﬁy\gﬁ?@déém%%“gfoés#!'p'&wﬂ @}'ﬁﬂﬂ%mqnﬁesp‘&@rﬂﬁgbﬂ zi*ﬂ‘éde”énbﬁ)é'gt@dt es
known to thosghaRb refefhbénly SKbirduit Bbatd Sutiirates] QA 8k o%ﬁlf'p%'bﬁé %ﬂﬁét@%' ButOf

several enbodiments of the invention are described bel'ow wth reference to
circuit boar cisaiefentn gpickgsinctranigswarkpigces gueh tas persigpaiductor walsrs eb..
under st andi ng;iRbn Y ERIIGHRPH RN h ' - T oF (I wn
structures of tlennasgocll at e%\;vlt éfgﬁsgl g%psgfrﬁ% J%%scggarﬁﬁlﬁﬁg%&%é&?fahgto ?el ow
to avoi d unndekessefiniwatedsiehstiatey knben detwose pf odinaof skilhie thaaitous

erbodt TR SBole SR s s IR Sl e 0,
el ements in amdbv with réference to circuit boards 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

7 embodiments that lack one or more of the elements described below.

[00189] In the Figures, identical reference numbers identify identical or at least
generally similar elements. To facilitate the discussié)n of aﬁy 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 Figure 3.
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t hose described below. Alternatively, the invention may have still further
enbodi nents that |ack one or nore of the el enents described below [0019]
In the Figures, identical reference nunbers identify identical or at |east
generally simlar elements. To facilitate the discussion of any particul ar
element, the nost significant digit or digits of any reference nunber

refer tothenglgur N, V\/nlchthat eIement I S fII’St i ntroduced. For
exanpl e, el enént i 1qeincabGisgy ayiaflated ¥ias with reference to
Fi gure 3ppf; 10829- 1931355%41%95&} ?s@ﬁlam @r‘ne@{ rical
Crcuits Havin Slﬁt ed Vias {0020 aﬁc ISure 3%\;\?8?8?113%}%?39 E ﬁ{

i sometric vi esp®havingan elesticalf cirguit éi!ﬁ)afrthslastedm ¢tmﬁgtnt§damaeﬂoodztnoetmﬂh
circuit 310 wid *énﬁ:lo@i}ﬁ&ﬂ Mﬂ@gdng&%hgqhed | ng}gg ‘ﬁ'@gg%gca\ﬁl?%g}ﬂé%%@@nbom ment

of the invention. In one e

circuit boar diepeaseht asireuiptand eaﬂlcblalscajprintéwarcﬂut(ﬂaﬁﬁ) (PEB)2or R pritited wikingi N9
board (PWB) In ogp&g& enbadi nent s, ..t he a& par at us. 300 Gan represent ot her
structures habfdig ( & e(glenalgﬂdgrgeqt%,r eneERRAIHF 0; ¢ vRRreEANS atffes of

electronic canparedhavinPefdetrihl éi?duﬁé‘?éir lﬁ@chnHEJ:tHaevariBQé tﬁ%@rg?le?ectromc
m croel ectronic workpieces and packaged m croel éctroni evi ces havi ng

el ectrical cif¥RIENSeonssBA sBRCtIeSC (CAN ¢ icludeaches, ewmiﬁe,bdnlomefdwmlcpads
vias, etc. f\%fk%@@ékecéridn ackdlead rrf"f}&%gleﬁt'rérﬁé“ Enhé\ﬂh% ﬁfjtmé? gg#{&ﬁ@;f

t he apparat us 300 can represe er st Fuctar 8
circuits. 100®njpasad td’ﬁezleidtriqad;traeesedwmntbmmﬂsnbamd pbaiie \ﬂésecettm forlcophsdtimgt 310

i ncludes a fi tive n 1 .and. a . second co ctive line 312
di sposed on aﬁfi\%%;rat Ct gn f%ffﬁﬁjbadwt%éﬁ%ae?ﬁws anJearesent yet
dielectric pcotherm’nruBﬁMes Advingedlestticdl eduitel rcuit 310 further includes a

third conductive |ine 313 and-~a fourth conductive fine 314 disposed on a
second W¥ace 309 Eli'e t'lﬁ’étrapgl 8’@??‘?@35’0%? dRlecstcal f%@P'ﬁé"@p{ﬁ’G@ﬁ?é a dirstt he

first surfaceop@detiva lihe 33l 1A 86don@lcoh@idtive Bthe 315 ol %Qécf f)ﬁ%lf*r%t &ffangcts a

first electroni c conponent 330a to the first conduc Ive ['1ne 1, and a
second terni ¥ of 3 Borrerductivenpylstreteneredielectsic Pediond3Qdl ethe eiei:t:ncalomnpurhent

330b to the $A¢%0fher includes a third conductive fine 313 and.a fourth conductive line 314
disposed on a second surface 302 of the dielectric portion 304 facing opposite to
the first surface 301. A first contact or terminal 315 electrically connects a first
electronic component 330a to the first conductive line 311, and a second terminal
316 electrically connects a eecond electronic component 330b to the second
conductive line 312, Similarly, a third terminal 317 electrically connects a third
electronic component 330c to the fourth conductive line 314, and a fourth terminal
318 electrically connects a fourth electronic component 330d to the third
conductive line 313. o

{0022] in one aspect of this embodiment, a first slanted via 341 (hereinafter the
first "passage” 341) extends through the dielectrio_ 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

fine 311 and the third conductive line 313, and forms an oblique angle relative to
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conductive line 312. Simlarly, a third termnal 317 electrically connects
a third electronic Conponent 330c to the fourth conductive line 314, and a
fourth terminal 318 electrically connects a fourth el ectroni c Conponent
330d to the third conductive Iine 313. 10022] In one aspect of this

enbodi nent, a first slanted via 341 (hereinafter the first "passage" 341)
extends through the dielectric. portion 304 along a first |ongitudinal

axi s 361, andg‘ﬁ fg@wﬁac@%p%fbe@?@actmmew. nHie secoht éongitadinat axb13B2ssage

" 342 tend ' I ' 30 .
| 552) ekt et iuquah Lhend SR 5o P B AL B S0 (1o
conductive |aisefdtns ancblighe ahglerdathandubs fiseslifae 3 3f tandiekefithortion

bl i | latiye.to [ 0829-8793/ SLGA2080. 2651 W 8104 the first
Curf ace 301 ofo% nialt bievace a1 Al rasbopriaiiled oghcrMEueiive doRtadal 48 s 362

i ntersects the aeaanly consstt the/frst édnauaivd IRBG14NE o r@QoﬁMU&pﬁé’m ine

i
314, and alsg fornms an oblique angle relative to the tirst surtrace 301 of

the diel ect rieMiapy.i B¢ seend pawage 342 jrst depst Jmtialy fited| with tcopductival | v
filled with ¢ ' : 3 i e first
conductive | iﬁg%gﬁag%/ﬁt{%%e{n%?lbdgbcorelgltfjt@fe .Egveg'&?‘? ﬁé ‘_’&ﬁ'%]ﬁﬁ éﬁs Irﬂ"f ; “ﬁ@
second passagergygtiviedingt3theast partially filled with conductive naterial

344 t tricall econd conduciive line 312 to the fourth
conduct B | ne® 5 THe PRAEHs AEcArhe PaniBRRRt! b nuwnlsloftekn s nda
nunber of di figr @ mumbey sf diﬁdrenﬂmfateﬁalsrdumbﬁﬂingbndhé banredkbr BRSiRAiGH Sr the

e

dependi ng on .t he rticylar application or t i ntended use. In a circuit
board embodi Hﬁg{}‘f’?g‘ﬁi?ee '&ﬁp?f@,gﬁttwef%?@%@menb feropxarenie. the Alielegiric pertiote a

Parm nat od 10 ot nrt paes & guseort ot laind G (6 B0 FRAPRRED o fP0er,
copper foil ffe} iamipaiedpigsbath dhe i wsiagacititvend theese@nd- Qiifhce 302, pdbsages
AL, o0, B2 SRR L b e A8 1 RGP el
drilling), orangt¥&rcarube fymed thupbdise lanonate iby rhbehaaical drilling, laser drilling
(e.g., "mask image" drilling or "conformal image" drilling), or other suitable
methods known in the art.
[0024] The passages 341 and 342 are filled with copper to electrically couple (a)
the first conductive line 311 to the third conductive line 313, and (b) the second
conductive line 312 to the fourth conductive line 314. For example, after the
passages 341 and 342 have been formed and cleaned, copper can be
electrolessly deposited over the copper foil and oﬁto“ the inner walls of the
passages 341 and 342 to form a seed layer for butk copper deposition into the
passages 341 and 342. The seed layer and copper foil on the first surface 301
and the second surface 302 are then covered with a mask using a suitable image
transfer process. The passages 341 and 342 are fhen filled with a suitable
conductive material by electroplating the conductive material on the walls of the
passages 341 and 342. The conductive material also plates onto the exposed
areas of copper on the first and second surfaces 301 and 302 to form the

conductive lines 311-314. The conductive material can include a number of |
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[0024] The passages 341 and 342 are filled with copper to electrically
couple (a) the first conductive line 311 to the third conductive line 313,
and (b) the second conductive line 312 to the fourth conductive |ine 314.
For exanple, after the passages 341 and 342 have been formed and cl eaned,
copper can be electrolessly deposited over the copper foil and onto the

I nner walls of..the assages, 341 and 342 to forma seed | ayer for bul k
copper deposi fi'ﬁtg'f?n r{ﬁgtsaf%guc'bﬁ%efé’@gersﬁﬂaﬁad'S@iQ-' *rewa g theayask  afifiercopper

foil on the félestomatidgacee abk 1aR4 i$ BRipp&s and tﬁ@hﬁ%ﬁegﬁﬁe@ﬂié &l Gy er ed

with a mask using a suitable image transfer process. e passages 341 and
342 are then ¥eIffgangd sasond suifacses 301 andf@earouns iatconduntivejines 3tt-8tblsat i ng

t he conductiv iR o ; S 34 nd 342. The
conducti ve rra%en a? %éo&gﬁg? j?srg\gér?tls bs‘?‘{'{‘e‘tﬂ%%%@%%%%ﬁ@gs Aoﬁ‘ %&SOB%IEEI“OE'Q[ he
first and secoadufeciufing qyoGsss, dmel cd@onic fanporidnes 360mducdn be bletiisally

311-314. Th Lbve naterial .cap inc nunber. o . .
[ 10829- 8793?%‘%‘2‘%@@.9 cor EG?PO'HE%{%@B'"EF%E’F@& fff?é‘?‘atf‘@IVs HYAo wdedopder,
tin, lead, etsvlderknansctions!dretitsrisuitdid Blethodk ReGWOR Mbiang, the mask layer is

stripped and the nted netallic material on the first and second
surfgges[°°§@1 and %tggg%tmdn@qhed ebraneiactyang dagcsibed abguemay besgitable forby a

sui t abl e procgmse i ) ~hi | LNt _
manuf act uPi ng pr ogg?g?mﬁgg]lefengtcé} %ﬁﬁ@gﬂ%ﬂ%@h@%@&%ﬁ@n& 8%%83&3{' ically
connect ed t o Rehesebfardirembrimentsivithbst daBridisiromebeepirit vekyopeust thg Wi r e

bonds, sold ' , Suli thods known.in the art.

[00251 Alt hoﬁ{;’rﬁgﬁgﬁ% %‘% olf&ng%u ell%ft ﬁr{)tﬁgl %Qﬁﬂ%@% Qgg% 'W?L‘H—é @&-t abl e

for some entappanratng §g@1{cam be qﬁpcafbm ngf amwleatorﬂmq?\gcté)tstzc&lﬁraélu{@iﬁfdégércgrgnnitche
rocesses can sed for.other enbo nts. wthout_ departi |

gpi rit or scodpeé’PC%f HI? Rente Fleeé%ﬂ?'c&Ieg'ﬁ?’gé%ﬁ@ecmpoé%}ﬁff%&“it??%81%'.@9?‘ ofa

enbodi nents dfilicohavafeviat comtaink bRe or daainbyated8r@Rs (Re, 2 "HgY b %i;ﬁg an

el ectronic device SLtg)h_aS a-mcroelectronic device. In a mcroelectronic

devi ce, the dNeUSREMROdiBeRts. e fpnted; Mapof $he) praseahingentipn aan be gredvaser

~ that contai nseléiifcap oRBid fbnéchabaingdws dr Fhtrk Hids!in Sfor eRamflbCa sBckeBhB™ ) -
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. o |

- [0026] Figure 4A is a partially hidden top view of the apparatus 300 of Figure 3,
and Figure 4B is a partially hidden end view of the apparatus 300 of Figure 3, for
the purpose of further illustrating the spatial relationships between the various
features of the electrical circuit 310. As Figure 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 conductive line 313 on the second surface 302 in a
second direction 472 that is opposite to the first direction 471. Further, in the
iflustrated embodiment the fourth conductive line 314 is at least approximately

aligned with the first conductive line 311, and the third conductive_- line 313 is at
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In such enbodi nents, the slanted vias of the present invention can be used
as electrical conduits for connecting two or nore dies in, for exanple, a
stacked-chip or flip-chip arrangenent. Accordingly, the slanted vias of
the present invention are not limted to circuit board applications, but
extend to other apparatuses for interconnecting electronic conponents at
both the circuit board and m croel ectronic device level. [00261 Figure 4A
i s a partial | 28l IRIEXIGER!Y, pligoeds with theagasand coad@dige dine F1gurAs BiguradB

Figure 4B is jiudiaidd ahé ¥ Yrs@'lcq{aﬁ{}?iﬁﬂdaxﬁ Ny 8{ ehﬁ-s é%ﬁ‘! ?)gg Ofth'r:c'» re 3,

for the purpose of further ustrating rela |ps etween
t he vari ous m@aftr%trmddtb\tehmeeBbband tred tfmﬂrmmHUCthb(]lneAmSFIagurfernﬂibAa first

f he f
conduct v | i dtuE ERRfE 407 PRARL o ey tEfediiee' ol %t aelepiie porien 58b1 o

the di el ect riSiniany,i e %nden@[tﬁ@iblélt55(|§<36le¥tth¥%ecbhd1§a§é]aﬂ;e' HObhses from
the third corzltﬂuctbve line 313 on the second surface ina second

direction 472"fH9p e sspput cenductive bne $1% and dhe &urhosprduativedinet Heh andn t he
il lustrated egheshn@Bbnd BSIlJu@Lgnbfé SN S tHe Eﬁ sutfa %%{_ﬁ nf%a@%Igcttrlﬁi ‘q

approximately aligned with the™first conductlve
conductive | inestian34.s at [ 10829- 87931SL042080. 2651 -8- 8118104 | east

ly ali t 0 e fine 312. Fi gure. 4B
PPt 028V, R i oo BRI SIanlio 1 padiben Rty 502~
passes t hr ougimablelsghé ithist cmmmdmcmmee313m&iﬂlbllfoaﬂld Cbiﬁjdtlgé lr?b 3@?%@&;&6 ||38(i‘
313, d f firs ngl e. 463 relative to the first surface
o inand o edpast gehBlly sfiRubEnG AR Vil any Kess Eins aivenge ob i EAtaL o 302
of the secondavpaﬂ&aggg&ﬂaorm&ﬁ%hnésmﬂum iz’llﬁdéﬁﬁ@@@ a%@@%ﬁﬁ 'rc¥f%rédc@%312
and the fourth, condHctlve line 3 forms a second oblique angle 464

relative to tHHEr &t @U%eu?f'%lé'&atébq d'r6$t ﬂ??ﬂ'?ﬁ ef dhe:prespot mps@rtlondwnsmreapeozn
Fi gures 3- 4B ra@@ther spdddUsihd a@&chh% abaﬂaﬂn@fsfs%cg Congﬁﬁgtg’aﬁ&e G342

enabl es the third conductive line 313 and t ourt Ive I'ine 314 to
be at | east cijewibriaerehy deceiaging tha dudtentiblitynior indesirably rioisgsrela@rk efiestant age

of this featyfing signal transmission. A further advantage of this feature is that direct paths

require less material and are easier to manufacture than jogged paths. In addition,

slanted vias offer a useful design alternative when deal-i'ng‘;“w'ith éorﬁplicated circuit
boards having a large number of conductive lines compressed into a small area.

[0028] The spatial arrangements of the features illustrated in Figures 3-4B are

merely representative of one particular embodiment of the invention. Accordingly,

the present invention is not limited to the particular 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/for via elements than those shown in Figures 3-4B.

[0029] Figure 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 in.vention. Many features of thé apparatué‘ 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 Figures 3-4B. For
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over the jogged conductive |ines 213 and 214 descri bed above wth reference
to prior art Figure 2 is that the direct paths of the present invention
can increase processing speed and reduce the electrical resistance and

i nductance in the «circuit, thereby decreasing the susceptibility to

undesi rabl e noise-rel ated effects during signal transm ssion. A further
advantage of this feature is that direct paths require less material and

are easier to®fEpRieBe @peatatisbl0dagedpspadivtectricroasinn 3040vmvings fist surfareas
offer a usef U$O‘ﬂ§ﬁd gn oﬁbéﬁﬁé‘% oYﬁ S & 562! | Wstvgohgucﬁggﬂhé é‘ffq ddlgﬂ)cgs%lé' t

boards having a | arge nunb uctirve |nes conpr esse 0 a sha
area. [00281 qmt§16§m@ttauaf60©59ha@emma eécctrh!e:dnelamtueeme Bl 2.uStikigda third

Fi gures 3-4B sentgtive of on rti r aodi npnt._of the
i nventi on. Accgoré"?ja t% 619/5 ig g?%%sgﬁt e?ﬁCPBﬁi SB& gb% HJ?P%B P& foygh
particul ar ard¢omagetiventisei bHast riedond of Nthet h@ﬁ@dﬁvaurr@% 519-51heifRiesaky, the
sl anted vias of the present invention can used in a multitude of other

el ectrical cif¥§sPO ing, (RJBVARSH ©4919284 W@PWP@’YOrfnﬁM’HStF@@%@ﬂwﬁwm,l thes,
term nal s, ariﬁélq{onﬂhﬁl\@lli‘ﬁﬁ%ﬁqsfs &£1B&RcAl %ﬁ?éﬁé’d‘fb thB tﬂﬂé&@@gﬁﬁﬂé 51@% 291

Figure 5 is a partially hidden top vi an appar at us avi ng
electrical ci@ (fmttpaﬁegw&% eXtendingl thrpegh ¢l disdeotrel portioa cadr diangea \zﬁrsth

anot her enb h n n p 500

are a1 east AP s Sod. TR i Bt B i ing 4 2 S sy

cor r espondi ngoheadtad és thnf faurte coapymivating 534 Gyde secdndgshstagelsd Dkteadiaye Wit h
ref erence totEi ur es @ 4B, . For 53@2%@)8793/8L 2080. 2651, -9- 8118104
exanpl e, the E&‘gg@?% '8%6'°|995|° ng; &$esopdionafedingl FissB2- having a fir st
surface sl and aheORNRFADY 5DECOMHighk bamBy Wfer Rribin' 8dvanRiyRECovergnbi ne
511 is disposed on the first surface 501 adjacent to a second conductive

line 512. Si rAPPAFRANS 3@ phfigires Suifthroprsetheiaveralliengtis of the serductye pates second
surface 502 W&eﬁ@nﬁnﬁi@%%@nd%.dgﬁ& bé!ﬁvelehgﬁe wetfhinall51s &Ldlﬁ

conductive lines..511-514 | ncl udes correspondi ng termnal
respect i vel y shprek pe the Iaaﬁﬂfﬂbctseipﬂenﬁ@diiuwmed inHgigurki §,sthe atttuars shprler ne 511

passage. Sat CeraRarEctatabss SAF ohlidsd BN Shby Febisdatle Bty od bi T

toward the respective conductlve Imes but are also slanted along a second axis
572 toward the respective terminals. By slanting the passages 541 and 542 in this
manner, the conductive paths can be further shortened over the embodiment
Hlustrated in Figures 3-4B. Accordingly, those of ordinary skill in the art will
appreciate that the various different slant angles can be incorporated into a
particular circuit design without departing from the spirit or Scope of the present
disclosure. The choice of slant ahgle will depend on the particular application and
the particular design constraints.

[0031} Figure 6A is a partially hidden end view of an apparatus 600a configured in
accordance with the prior art, and Figure 6B is a partialiy' hidden end view of an
apparatus 600b configured in accordance with an embodiment of the present
invention. Together, Figures 6A-B illustrate the fiexibility offered by slanted vias
from a design perspective. Referring first to Figure 6A, the prior art apparatus

600a includes a first conductive line 611a electrically connected to a second
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| ongi tudi nal axis 561. Simlarly, the second conductive line 512 is
electrically connected to the fourth conductive line 514 by a second
passage 542 extending through the dielectric portion 504 along a second-

| ongi tudi nal axis 562. [00301 . The apparatus 500 of Figure 5 may offer
certain advantages over the apparatus 300 of Figures 3-4B because the
overal |l lengths of the conductive paths between the term nals 515 and 518,
and bet ween t fRNAUEHYA Hag $18acbyandvestical paseages At tadrleast namiisliyilad avitrs a500.

As il ustrateghddychi e SR : seqt.he passages 541
and 542 are not oﬁl‘yegg%gerﬁjté{agﬁ;il gﬁgfagﬁ?rlagugt axiféﬁggff%@%e\%aggl 'r[ah%&%gétb ctive
conducti ve | ilines 51Baitpositionad swuljaskaintee thea lficst gcamdsetvenithea$il $a, -T2 & @ommihd t he

respective termanals. . ant i.n he. passages 541 and 542 'i'n this nanner,
he conduct | veTGIEN s B MPled SRBRRERLEF seenathacuiBednaiies. AS

il lustrated iPRigkieg6A abusbrads, th@nﬁdém@és)sa?é 23 epretiud@ss pdationitf td fdumnt he
art will apprecjiate that the various different slant angl es can be

i ncor por at ed ¢dyclive higet Pid4a eﬁ"eE"i'W deneaiile dheyrirgh cRodHctive phvet i6lgar r&b‘mt‘_h'e
spirit or scopfrhidgtBe BiRS@RHuctith Hikd @?:gé Girecl) Gb6 @fh%%e%n&i%o%%c%%n% wil |
depend on the particul ar application an t%e parYl cul-ar design

constrai nts. §¢@@ashouly githes ofhose pasifiensthicaddsiretti dden end vi ew of an

appar at 00a -corfj i r e with t rior.ar and, Fi gure 6B
e paredl Ty g ektto SR e W glhrdu s MR o fted undiiidned
accordance wiwith dhe eproeatitnianentioh Incfides eseibt conYlive Ame GOt dIedticdiiygur es

"6A-Billustrate t flexibilit ffered b lanted vial f desi
per spect i ve. SEPBRFR it & PropdGnikig dng R12Py prlastechprssagp Mdraldeaddooa

includes a fip:stialigamed efithvenbiitiRe Gldedal B48C A4 FRUIY 6B ABRSES bihQirg hecond f
10829- 8793/ SL042080. 265] -10- 8118104 conductive |ine 612a by a vértical

passage 621 3P t64ﬂ)a?'ﬁbéﬁsl § TPHrth c@ndidtive dinec it de ibpeposiianedatlirgdg.  The
appar at us 60Gsnbifht ' firsD ebitflREve jihd 6" gb,CQr'ij UCHhiry e?oggbélﬁe Ghade PRsld bened

adj acent to the first conductive [ine 6lla, and a r conductirve line
614a positi oriegitigopd diegtiytabove dhessenond coodunlive iline 611 2ineshblRiaeithas of fliogar e 6A

lTustrates, JgMebbl flleP2BSANST, gg&tin%rtﬁglp%ggggeo 881 LAY oS D
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.

[0033] From the foregoing, it will be appreciated that specific émbodiments of the
invention have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the spirit and scope of the
invention. Accordingly, the invention is not limited except as by the appended

claims.
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conductive line 614a directly beneath the first conductive line 611la, and
positioning the third conductive line 613a directly above the second
conductive line 612a, should either of those positions be desired. 100321
Referring next to Figure 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 fill edCMMSconductive naterial 643. As
Figure 6B illustrates, slanting the passage 641 enables a fourth
conductive line 614b to be positioned .directly beneath the first
conductive |ivwe ddithb, 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

ef ficienty arrangament At dhB&raliUriof ARG @tri%rlé?éctr%ﬁﬂo wa%égnéecﬁmase

together they consune a narrower section o 'E appar at us than™t he
f our conduct iaRParata@eomprisingi- 614a consune of the apparatus 600a. j0033]

From t he foregoing, 4i j | [ eci hat specific,enhodi nents of the
i nvention have be%ndlg%géﬂrci ‘E"e'g‘?%g‘%@?‘?em%f@%{egwﬁc&s%% grsacpid, st ﬁ‘fq'gﬁ? figgtt ¢ hat
various nodificati onssurtacelfacinpoigposité kot sdeaticéurigef rom the spirit and
scope of the inverﬁri on. Accorg]i 51_85I%/§?| the invention is not limted except

as by the appende@ "&Ygminal om g g3gsphibeshielectgs portion for connedtion tey Al Vs

W claim [Gl | . Ang#ppalesiific E@hpoiin@r connecting el ectronic conponents,
the apparatus conprising: a dielectric portion having a first surface and

a second surface, @ BRCdr tarmingl onathe serandgswiasespt the didentric podion fur f ace;
a first termnal on thgddekin Y ed66d QIECﬁ'cfl'ﬁc ofibGifhnt; dhgpor tion for
nponent ;

connection to a first electronic co
a passage extending through the dielectric portion along a longitudinal axis

oriented at an oblique angle relative to the first surface, wherein the
passage is at least partially filled with conductive material electrically

connecting the first terminal to the second terminal.

[c2] 2. 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 conductive material in the
passage; and )

a second conductive line disposed on the second surfabe of the dielectric
portion and connecting the second terminal to the conductive

material in the passage.

[e3] 3. The apparatus of claim 1 wherein the passage is a first passage'
extending along a first longitudinal axis at a first oblique angle relative to the first
surface, and wherein the apparatus further comprises:

a third terminal disposed on the first surface of the dielectric portion;
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a second termnal on the second surface of the dielectric portion for
connection to a second el ectronic conponent; and a passage extending
through the dielectric portion along a |longitudinal axis oriented at an
oblique angle relative to the first surface, wherein the passage is at

| east partially filled with conductive material electrically connecting
the first termnal to the second termnal. [C21 2. The apparatus of claim
1, further conpri ¢ fagrthdemiingltdignosddonitire secorel sirtspe s dhodicldutrid portion;
surface of the dielectg'ﬁ portion and connecting the first termnal to the
conductive material in b e passage; and a second conductive |ine disposed

on the second sur faaseonll pabsagdi elteiing throgdr the Aieléditc NN GIdnNA% éyngecond
termnal to the conduc}iv. material in the passage. [01 3- The apparatus

of claim1 wherein the Oﬁﬁgﬂ'ﬁ 5 etk pt Baresarb obliguectngia flaliventy tef i r st
| ongi tudinal axis at affst kgffac@indkdn #PLEcIHR! PssiGe fsoattféﬁstf;;)érgéllg fifdhyf ace,
and wherein the apparatus further conprises: a thitd term na I sSposed on
the first surface of tWwih@pedustive imnterial elasirically cOBRStRY 98/ Bird120E0aI265

8118/ 04 a fourth term%lfogljﬁ%%ﬁ . on the second surface of the dielectric
portion; and a second passage extending through the dielectric portion

al ong a second Ilongitudinal axis oriented at a second oblique angle

parti al I 711 1'ed % t nTEbABOSEISEOHRET fapherpOo e eAserge SoAriet Pigoohe
third term naxtdraing Sieng aUirstnohgiudinaRhxis BE 4lfirst oblique angle relative to the first
surface, and wherein the apparatus further comprises:

a first conductive line disposed on the first surface of the dielectric portion
and connecting the first terminal to the 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 conductive
material in the first passage;

a third terminal disposed on the first surface of the dielectric portion;

a fourth terminal disposed on the second surface of the dielectric portion;

a second passage extending through the dielectrié portion along a second -
longitudinal axis oriented at a second oblique angle relative fo the
first surface, wherein the second passage is at least partially filled
with conductive material; )

a third conductive line disposed on the first surface of the dielectric portion
and connecting the third terminal to the 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 conductive material

in the second passage, wherein the fourth conductive line is offset
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4. The apparatus of claim1l wherein the passage is .a first passage
extending along a first longitudinal axis at a first oblique angle relative
to the first surface, and wherein the apparatus further conprises: a first
conductive line disposed on the first surface of the dielectric portion

and connecting the first termnal to the conductive material in the first
passage; a second conductive |line disposed on the second surface of the
diel ectric portion anffopuhaseconigcanductvediordn b seodmiadirection begpasitaduithie ve
material in the first RAS 3898iond third termnal disposed on the first
surface of the dielectric portion; a fourth termnal disposed on the second
surface of the dielectric portion; a second passage extendi ng through the
dielectric portiog%aloqﬁ a sec?nd | ongi tudi nal axis oriented at a second
obl i que Ehgl e rel ative '1'd aPRAANS pielaigy s whereinjhe, iRty dodiopoRaiufes dage i s
at | east partsathiby of 4 blifed cibdifhdapngusdilake material; a third conductive

|l ine di sposed on the first surface of the dielectric portion and
connecting the third termnal to the conductive material in the second
passage, erein e th cid ye: i i S:.0ffsS . cfiT
conducti%%hline i%ba f?bé?mﬁggg%%?%ﬁ?mg%gﬁgéégurFﬁﬁégéhgg%ﬁeﬁ'P%H%&%Psposed
on t he secondsastionh atgasd-reinfercdil eblgoier.i ¢ porti on and connecting the fourth
termnal to the conductive material in the second passage, wherein the
fourth conductive line is offset 110829-87931SL042080.265 1 -13 8118104
from theacgecond canducThey epbamtusi 6f daifea ockrdin A6 tdiglectA® peRiohantiadéda

first direction,, écﬁ%ﬁS.,The %Eparatus of claim1l wherein the dielectric
portion i ncl (RO of ramicdnatgraly printed circuit board substrate.

[c8] 8. The apparatus of claim 1 wherein the dielectric portion is part of a

microelectronic device.

[c9] 9. The apparatus of claim 1 wherein the dielectric portion includes part

of a silicon wafer.

[c10] 10.  The apparatus of claim 1 wherein the passage is at least partially
hollow.

[c11] 11.  The apparatus of claim 1 wherein the first terminal is formed at a first
end of the passage and the second terminal is formed at a second end of the

passage.

lc12] 12. A circuit board comprising:
a non-conductive substrate having a first surface and a second surface, the -
second surface facing opposite to the first surface; and

an electrical circuit including:
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[c6] 6. The apparatus of claim1 wherein the dielectric portion includes a
section of glass-reinforced polymer. [c7] 7. The apparatus of claim1l
wherein the dielectric portion includes a section of ceramc material.
[c8] 8. The apparatus of claiml| wherein the dielectric portion is part of
a mcroelectronic device. [c9] 9. The apparatus of claim| wherein the
dielectric portion includes part of a silicon wafer [c10] 10. The
apparatus of claiml V\ﬁ'efléﬁtnCQﬂQéCtﬁ’ﬁsB%@é{aff!ﬁdﬁlby:c@as?rsfeamf_ﬂaﬁe:qf_ tﬁm?hirmrrxévd N
cll] 11. The apparatus of ek n the firs ermnal is fo

E’i fi ]rst end of IOItohe passageggrﬁ'élmt“ﬂ\eeéﬁggfg%lﬁd termnal is formed at a second
end of the passage. [ @lstcond condustive tine cbmiadd)ydb?nsebmmﬁjrfaaermmh%ﬁadugtlVe
substrate having a first surface. and a second surface, the second surface
faci ng opposi tegt o the fi rs?onéﬁF?Vch@PStéﬁa' el ectrical circuit including:

[ 10829- 87931SL042080. 265passide eReAding4hdudh tit nGnBsHiTEINEsIHsH8tLCAbRG §d bY
the first surface of the non- conductive substrate; a second conductive

line carried by the second 'Sngiuging! BXis.(Hherpipitbe passaoe isi atdeast bertialit Bledand a
passage extending through tyg %ﬁﬁ&ﬂ‘éu%été’a‘?alsgl%a%{ri%ge cﬁhnl‘?aft%ng. the  first .
partially Fille

| ongi tudinal axis, wherein the passage is at | east Ar t : W t h
conductive material el ectri@udugtiveding e therspcondcdridustive lnendnt wheeid thee t o

t he second conductive |ine, i he | ongitudinal, axi.s. of the
passage is oriented at an Ol ﬁ@%&ﬁ@gﬁﬁ% gf thi passageQS ofientéd at an obﬁlque an&e
relative to the first surface of the non-conductive substrate.

[c13] 13 The circuit board of claim 12 wherein the passage is a first passage
extending along a first longitudinal axis at a first oblique angle relative to the first
surface, and wherein the circuit board further comprises:

a third conductive line carried by the first surjfaqze 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 conductive material electrically connecting the
third conductive line to the fourth conductive line, and wherein the
second longitudinal axis of the second passage is oriented at a
second oblique angle relative to the first surface of the non-

conductive substrate.
fc14] 14, The circuit board of claim 12 wherein the passage is a first passage

extending along a first longitudinal axis at a first oblique angle relative to the first

surface, and wherein the circuit board further comprises:
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relative to the first surface of the non-conductive substrate. [c131 13 The
circuit board of claim 12 wherein the passage is a first passage extending
along a first longitudinal axis at a first oblique angle relative to the
first surface, and wherein the circuit board further conprises: 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 suitidagutduglivg bneseridiad hyatheddiyst sufasadifrietrionecapductive

non- conductive substratg,al.png a second |ongitudinal axis, wherein the
second passage is at least partially filled with conductive naterial

el ectrical ly conneciointiycordectivéhiinedcarmertinic thiesecdndsurtaoe bhtheframrddndastivguct i ve
| ine, and wherein the egopd Iﬁngitudinal axis of the second passage is
oriented at a second 8‘6%@&‘5‘5 gle relative to the first surface of the

non- conductive subsdcoat pasdaybdxtekdingthrough e hbn-BaREHR stlstatd élgng‘{"ﬁer?i n
the passage is a first &assage . extendi ng al Qn? a first longitudinal axis
at a first oblique angPeong|iangifuginah axise Whereln thes seeensepassagevibaatdpastt he

circuit board further comRl fR% @tﬁg&?%UQYV%B%g@%g%%%ﬁ%%@ Coﬁ&éétingﬁfgl /04 a

third conductive line carri‘ed by t I'rst sur non-con ive
substrate; a fourth cothitdcondectivedisedarthé dolrthy cardectheciing] andrileareincthet he

non- conductive substr - qand a second passage ,ext endi ng .t hrough the
non- conducti ve substraté a o@gg'gld?nsaic%'?d 5 5’5’8&19%%& S , Og\*f’é‘ge??ré]?he
second passage is at |idsive tptetfirstiidngithdihbleisftiie frenshsshiye materi al

electrically connecting the third conductive line to the fourth conductive
line, and wherein the second longitudinal axis is oriented at a second

obl i que [@fgl e 15.  The circuit board of claim 12 wherein the passage is a first passage
extending along a first longitudinal axis at a first oblique angle relative to the first
surface, and wherein the circuit board further comprises‘:. . |

a third conductive line carried by the first surface of the non-conductive
substrate, wherein at least a portion of the third conductive line is
offset from the first conductive line in a first direction;

a fourth conductive line carried by the second surface of the non-conductive
substrate, wherein at least a portion of the fourth conductive line is
offset from the second conductive line in a second direction opposite

_ to the first direction; and

a second passage extending through the non-conductive substrate, wherein
the second passage is at least partially filled with conductive material
electrically connecting the third conductive line to the fourth

conductive line.
[c18] 16.  The circuit board of claim 12 wherein the passage is a first passage

extending along a first longitudinal axis at a first oblique angle relative to the first

surface, and wherein the circuit board further comprises:
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relative to the first longitudinal axis of the first passage. [c15] 15. The
circuit board of claim 12 wherein the passage is a first passage extending
along a first longitudinal axis at a first oblique angle relative to the
first surface, and wherein the circuit board further conprises: a third
conductive line carried by the first surface of the non-conductive

substrate, wherein at |east a portion of the third conductive line is
of fset from the fi3&rd:eenslietys ing icasiedrbyathve first suifacscof the; nen- -tauuttive

conductive line carried bddenssemng Iﬁ?ét %E&ftour#qﬁe W?giu@?r?o\dyg fya K%e iS

substrate, wherein at least a portion o con
of fset from the secondofegidiom thedirsticorduativa liseinaniitstidireetivri;on opposite to

the first directl passa e, ext endi t hr h t he .

non- conducti ve substo}jgtﬁqo'qdvﬁjcg?ée)me {He E%Q‘c?nst? ‘i§ 'Ogﬁ%“qrb%lduﬁ%i ally
filled with conducti vesustetes, abhergiheg igdst al ;Lcu‘nd‘rﬁﬂﬂm@tfbtﬁ}% EQRIUctVe fhe is
conductive line to theﬁ[ rth conductive line, [016) . The circuit board
of claim 12 wherein th8 ﬁgg@%@el%c%”q qucwlwgea S@ﬁ@@dwdm@oaloan@slt@ first

llongi tudinal axis at atdtheSitstoRbétteamiol € relative to the first surface,
and wherein the circuit board further conprises: [10829-87931SLO42080. 2651

-16- 8118104 a thi& %F@Bﬁ@@@%ﬂgﬁeeﬁeﬂﬂmg:thmughdh@yom penduicties sshatbgcaiong at he
non- conducti ve substr t rtion

conductive line is ?écg)gmd}"(rﬂg% d ?s%@[ﬁ%gﬁ |S\‘7‘é°']cfﬂas‘°iaﬁea'sfqﬂ§‘f‘5t
direction; a fourth copattlallyl Vitked Mnte mn-rdncm atdriae efavaly TohhadtingOothet he
non- conductlve substr?1r Waerel E gwgh ortion of the fourth
conductive line is Irdco B?HV? t@ci fAdo E‘UEQ‘JPU‘@ linen eandriwhersiactbad
direction opposite tOSédoﬁdfbhg“tudmal ebdd Qé“,onéﬁtédaaﬁ%cgéébuﬂa%él?cﬁn% %ﬁ |gnd| ng
through the non-conductj ve substrate along a second | ongitudi hal

wherein the second pas® ive ftq theifirstsyeace of the non-conductive substrate.

[c17] 17. The circuit board of claim 12 wherein the passage is a first passage
extending along a first longitudinal axis at a first oblique angle relative to the first
surface, and wherein the circuit board further comprises:

a third conductive line carried by the first surface of the non-conductive
substrate, wherein at least a portion of the third conductive line is
parallel to the first conductive line and offset from the first conductive
fine in a first direction; ‘

a fourth conductive line carried by the second suﬁéée of the non-conductive
substrate, wherein at least a portion of the fourth conductive line is
parallel to the second conductive line and offset from the second
conductive line in a second direction opposite to the first direction:
and |

a second passage extending through the non-conductive substrate, wherein
the second passage is at least partially filled with conductive material

electrically connecting the third conductive line to the fourth
conductive line.
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partially filled with conductive material electrically connecting the

third conductive line to the fourth conductive line,.and wherein the

second longitudinal axis is oriented at a second oblique angle relative to
the first surface of the non-conductive substrate. [Cl1L 71 17. The circuit
board of claim 12 wherein the passage is a first passage extending along a

first longitudinal, axi %Epat a first oblique angle relative to the first
surface, “Bhd wher €ifn t AETEHR BOaTd QBWFIEINGr t her conmprises: a third

conductive line caf eb@fode Iafhﬁnét'brl?év%r@?)?ffﬁﬁgsﬁachh&d‘gné&%ﬂguﬁﬁé}f@ the

substrate, wherein at [ east aﬁportl o _ Ird conductive TIn€ is
parallel to the first &ewndauifaee facing oppdsitefth dles firkt @nfachearfd r st conducti ve

line in a first di Welgk : onductive line carried by the second
arneéfédér(j%%l cﬁ’chtQIé'ﬂ%cﬁs]?i

surface of the non-con rve ate, wherein at |least a portion. of
the fourth conductive hifing dondugtiae dihé dhving atflist ereiosbre@Bpesd otethbifg@ and

of fset fromthe second conc‘l_lg_fcti vgt line i neg second direction opposite to
the first direction; and &S@ERARLINELTRGNtedIMMAR ng t hr ough t he

non- conduct i ve subst r as@ecoMEESiductitd e RAMa RRESRDENd Bofib 'o‘?ﬁ;%% tially
filled wth conductive material electrically connecti ngot hg t hi r%ldp%

conductive line to the fourthf firshsetiass wé the neompasite2urgrale)] sihestodbe 285 1
-17- 8118/04 18] 18. A ci i i.sing; . i | inat
[c18] Cldethhd Sc%rgﬁﬁﬁk/eclﬂ'lmé 'at% Légc\gt e&tgms% ¥r§|@etﬁfrg] ggﬁ%ng

having a first surface and a sec surtace, eco
opposite to the first surf aobgucivd linginad first directibn;ci rcuit including: a first

of the composi te I am rattrd skl REb hatoe A EF i RePRGisositondiend
portion di sposed on second surface of the composite laminate;

a fourth conductive line having a fourth end portion disposed on the
second surface of the composite laminate, wherein the fourth
conductive line is at least partially offset from the third
conductive line in a second direction opposite to the first
direction;

a first passage extending through the composite laminate, the first
end portion of the first conductive line, and the third end
portion of the third conductive line; v;rhereinrthe'.ﬁrst passage

_is at least partially filled with conductive material electrically
connecting the first conductive line to the third conductive line;
and . :

a second passage extending through the composite laminate, the
second end portion of the second conductive line, and the
third end portion of the third conductive line, wherein the
second passage is at least partially filled with conductive
material electrically connecting the second conductive line to

the fourth conductive line.
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the first surface of the conposite |am nate, wherein the second conductive

line is at least partially offset fromthe first conductive line in a

first direction; a third conductive line having a third end portion

di sposed on the second surface of the conposite lamnate; a fourth

conductive line having a fourth end portion di sposed on the second surface
nductive line is at |east

of the conposite lan nate,. wherein e fourth ¢ |

parti al |[§/’ggf fset f@()m ? h%b‘[r%lf'ftﬁoar%%@%m fé;\é’h?rieﬂbtﬂﬁ hirsd Pagasisexiands @angn
opposite to tadorigitudihal gig esrted at an fobligile ﬂﬁg?é?eg@ti\/%?(tbemgiﬁ% hﬁé&ygﬁih.tehe
conposite lamnate, the first end portion of the first conc?uctlve i ne,

and the thir cCUPRPSHBEARINGS- of the -third conductive Iine, wherein the first
passage is at least partially filled with conductive material electrically
connecting the first conductive line to the third conductive line; and a
second pgedksage extZ@ndi hige tiuiihglard bieclaiontfoshéreinl theifirsd bassddgads slastedmaaend

portion of t Lve.line, and the third end portion of the
third conduc?rlfT \S/lZCﬁ%%ﬁée%, Pe\?é%g/#g% 'F]he[ ‘?{SE S”é'f@g%ﬁ’gthﬁfggﬁjé’é't‘? %"%{'Pg?@zﬁgtthepé?cioinﬁl ly
filled wth cusdagd is\stanterhiner setione dRedtivh Giilcrant B RE i Qirk&inrsecond
conductive line to the fourth conductive line. [10829-8793/SL042080. 2651
-18- 8118/ 04 [c19] 19. The circuit board of claim 18 wherein the first

passage @t ends abeng TRe Lirh&idour Gralai@XisS fuphie isig; @n obl i que angl e
relative to the first surface of the corrpggtlhte&%rg@n.’n e. [c20] 20. The

circuit board of @lfEFtfladropifegammeneniesipppred padaliet sufaskafithedcdnpasitef i r st
direction relative to Ligdik bRk eRUEATTRhedBF 1CRTRS chial Bl &l ¢ gnd the

second
a second electronic component supported on the second surface of the

composite laminate and electrically connected to the second

conductive line.

[c22] 22.  The circuit board of claim 18 wherein the first and second conductive
lines are disposed on the first surface of the composite laminate, and wherein at
least a portion of the second conductive line is parallel to a portion of the first

conductive line.

[c23] 23.  The circuit board of claim 18 wherein the first conductive line is
disposed on the first surface of the composite laminate, wherein the third
conductive line is disposed on the second surface of the composite laminate, and -
wherein at least a portion of the third conductive line is paralle! to a portion of the

first conductive line.
[c24) 24.  The circuit board of claim 18 wherein the first conductive line is

disposed on the first surface of the composite iamihate, wherein the third

conductive line is disposed on the second surface of the composite laminate, and
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passage is slanted in a second direction different than the first
direction. [c211 21. The circuit board of claim 18, further conprising: a
first electronic conponent supported on the first surface of the conposite
| am nate and electrically connected to the first conductive line; and a
second el ectroni c conponent supported on the second surface of the

conposite la I rlcaII nect.e the second caonductive
line. [c22] gyﬂ gﬁf}&egfgllg?%u?e rt'83r0(§ t%q &'érp(ﬁoﬁf‘"i 'VWE'E?é?? R2tee teiandtin ygdicalecond
conductive | aliysnent witdiagrotetofaie fildecdridustivesinef ace of the conposite

| am nate, and wherein at |east a portion of the second conductive line is
parallel to a portion of the first conductive line. [c23] 23. The circuit

board of &} ai m 18 osher ¢h8 clriigt Eéefrébf QQHQ V\E@r&%ﬂ {hBSirdt nd%:§§ Congﬁg{fﬁ\}ehe

first surface of the conposite |am nate, the 't I'Ve line
i s di sposed oknestase dispesril e Hfedirst sfface of ihermpoposies Iaanmaia,t\eheremdhe thier ei n

at least a po tlvel ne is to a portion of
the first coélj(ijjufcbplnf/?e ?ﬁcehw '@4?%‘% 9rd o #‘8&890 %‘CSfOféh"aF?ﬂ‘ BitGher ei n
the first conldumate/evharela at iaeastiaqnpci@ad)fﬂm thhe Ct‘)l‘ldedllV§“[ﬁé RGRiralfel théhd in
conposite | am & conductive |ine is disposed on the

n the
second surface'® cfa?F %ﬁf% EQ’P "St&‘?ﬂdlfci'ﬁgi'geW@@@ﬁwsk%l
-19- 8118/ 04 W&cﬁrﬁbﬂth@tfouﬂa&bndhcﬂﬁé @R ralldi € bR ﬁrﬁv%@ﬁéw&ﬂ Witlal S

parallel to and in vertical ali %nrrent with a portion o Irst

conduct i ve | iRRstion fJBg seepndgepdugtiveding. board of claim 18 wherein the first
and second conductive lines are disposed on the first surface of the
conposite lam nate, wherein the third and fourth conductive lines are

di sposede28n t he s@BondTkairdirguié hyfard he clainpols wherdiantheatempoditer Rinhate | east

a portion of h&ﬁdésmﬂegr&% ?tégg?){l ine is parallel to and in wvertical
. K . . . ,

alignment with a portion o rst conductive |line, and wherein at | east

a portion of the fourth conductive line is parallel to and in vertical

alignment_with a . .
9 qczn 27.  The circuit board of claim 18 wherein the. first, second, third, and

fourth conductive lines include copper traces deposited on the composite laminate.

fc28] 28. An apparatus for interconnecting electronic components, the
apparatus comprising:

a dielectric portion having a first surface and a second surface, the first
surface facing opposite to the second surface:

a first terminal on the first surface of the dielectric portion for connection to
a first electronic component:

a second terminal on the second surface of the dielectric portion for
connection to a second electronic component, the second terminal
being laterally offset from the first terminél; and -

an electrically conductive interconnect between the first tefminal and the
second terminal, the interconnect extending through the dielectric

portion at an oblique angle relative to the first surface.
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portion of the second conductive line. [c261 26. The circuit board of claim
18 wherein the conposite lam nate includes fiber reinforced epoxy. 1c271
27. The circuit board of claim 18 wherein the. first, second, third, and
fourth conductive lines include copper traces deposited on the conposite

| am nate. [c281 28. An apparatus for interconnecting el ectronic conponents,

t he apparatus co i si a dielectric portion having a first surface and
a second“&rf ace, ﬂ’gﬁppa%‘ﬂsf%{c%'ma?@rw heLPRRRISING 0 t he second surface;

a first termnal Cﬁlﬂish@oiﬁddcfﬁbe $iHE URPEs&S off R ﬂbﬁé&ﬁatcg'o? ttpé)HHeI% :c‘;{%rrthon

connection to a first electronic component:; a second term na
second surface of the é’i"@l é@'ﬂﬂqcﬁn@dh@lﬁfﬁf ft@mlnaiotméhm@acttlmlla s@ciontve

el ectroni c conmponent, déﬁder mnal being laterally offset fromthe
first termnal; and an e ectrl ca conductive interconnect between the

first termnal and Bé@nds&mdnclweelmm diaio,sedi loa thatsetomns@ticeaf e dieh@trichr ough
the dielectric portion at an ue an?lzeze reIa |ve to the first surface.

[ 10829- 8793/ SL042080. 2881"°N- ?B §‘i‘6!$ 9%909 teringl dar the uslesfricallyai m

28, further conprisi ngcomlfdtlt‘/§tnté}-@(§}d1é@{_l ve line d| sposed on the first
surface of the dielectric portion and connecting the first termnal to the

electrically conductive interconnect; and a second conductive |ine

di sposedgpn the S%OndASll'ﬁétﬁG@ R ﬁlgfﬁffgétﬁ ﬁdéd CappBPJtls% Wy aiﬂ%rco,?lﬂg%g@l ng

t he second termnal to the electrica ctrve 1 nterconnec 0] 30.
A net hod for ﬂﬁﬁ[ﬁ%@mmmnémﬂwppathadmmpmmg nt erconnecting electronic

conponents, the m?&@ﬂlg g? rcbﬁt!i v fl e[cl;ﬂ nﬁrs?saljfacsetof cpgggt}flclz\s/u stra{1e on a

first surface of ric su
forming a second conductlve line on a second surface of the dlelectnc

substrate, the second surface of the-dielectric substrate facing
opposite to the first surface of the dielectric substrate: 7

extending a passage through the dielectric substrate from the first
conductive line to the second conductive line along a longitudinal
axis oriented at an oblique angle relative to the first surface of the
dielectric substrate; and

at least partially filling the passage with conductive material to electrically

. connect the first conductive line to the second conductive line.

[c31] 31.  The method of claim 30 wherein the passage is a first passage and
the longitudinal axis is a first longitudinal axis, and wherein the method further
comprises: :- :

forming a third conductive line on the first surface of the dielectric substrate;

forming a fourth conductive line on the second surface of the dielectric
substrate; )

extending a second passage through the dielectric substrate from the third
conductive line to the fourth conductive line along a second

longitudinal axis; and
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form ng 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; extending a passage
through the dielectric substrate fromthe first conductive line to the
second conductive line along a longitudinal axis oriented at an oblique
angle relative to h a of the, dielectric substrate; and at

| east partially fiTl fgﬁéll P %’i’aﬁy g&'ﬁ% hGj Seford RasRagey withzrosdygive material to
electrically connect tehetidallcomrdtiet thi® chhdiRtiv@lind & HRG8MNh SR Ve
line. [c31] 31. The rreﬁhod of claim 30 wherein the passage Is a ftirst

passage and the |ongitidinal axis is a first |ongitudinal axis, and
wherein the method further conprises: formng a third conductive |line on
the first surface of the dielectric substrate; formng a fourth conductive
line on ¥#¥e secondZur flagenethod ek cldine Be stherain tlmmmsageﬁ a dixdt padsane andsecond

passage throu r fromthe t condyctive line to
the fourth coﬂlgucp @bﬂ"ﬁl f]égsaf 0%3'}!52%’&8&'83‘ P ALY ﬂ@l’" the @eH‘QHJ”“her
[ 10829- 87931StAimM@@e8: 265] -21- 8118104 at least partially filling the

second passage w t.h condygc terjal to electrically connect the third
conductive Iine td°THRY 193 4 ’E@atﬂ{?dt"f“‘\% the firsk sufacexf thybdietprisic subsitate of

clai m 30 wherein the pansage thesthirdfdohdlictRasina e of l, axis
is a first |ongitudinal axis, and wher e? ln tI he rrgt Ee%é‘ P%‘rﬁ?lh;e)% cggrrp}r{r]tl?]ses

forming a third conducfi%@oﬂduﬁfé"%'met'hé frstdirectiont f ace of the di el ect ric
substrate, wher eis &ggﬁ? a muf'tﬂ GHRHNRE HR {)ﬁ gﬁe Sg?&%dn L&asd e Bfa{ gLl Rf fset

fromthe first con ive nelnaflrs i Tec
' substrate, wherein the fourth conductive line is at least partially offset

from the second conductive line in a second direction opposite to the
first direction; |

forming a second passage through the dielectric substrate from the third
conductive line to the fourth conductive line along a second
longitudinal axis; and

at least partially filling the second passage with conductive material to
electrically connect the third conductive line to the fourth conductive

line.

[c33] 33. The method of claim 30 wherein forming é ‘pa‘ssage' through the
dielectric substrate includes drilling the passage.

{c34] 34.  The method of claim 30 wherein forming a passage through the
dielectric substrate includes forming the passage with a laser.

[c35) 35. A method for manufacturing a circuit board, the method comptising:

forming a fiber-reinforced, non-conductive substrate:
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formng a fourth conductive line on the second surface of the dielectric
substrate, wherein the fourth conductive line is at least partially offset
fromthe second conductive line in a second direction opposite to the

first direction; form ng a second passage through the dielectric substrate
fromthe third conductive line to the fourth conductive Iine along a second

| ongi t udi nal axis; ially fillin he second passage with
conductive materi é‘?lﬂﬁl@g‘}f gtﬁq%gpﬁqugc@ﬁnéﬁta iR Sfacg ‘%S,fo‘ﬁadmp‘%?é‘ F&H@ to
the fourth conductive pul33®E83.1ine. The nmethod of claim30 wherein formng
a passage through the dielectric sgbstraFe includes drilling the passage.

[c34134. The met hdd P9 F 15730 SANGREVR ok 1AiMm@ SepRIsk sYHaeen bR bore

dielectric substrate i pehdideve fQpakA18, e sBasRRYETd Bf%hé%%tconhgé%%- A
met hod for manufacturing a circuit board, the nmethod conprising: formng a

fiber-reinforced, non- g fasindsenpositate thq B8 898 LG BECUPORDIRGEE] - 22-
8118104 formng a firsg wpaeictive Iine on a first surface of the
non- conductive substrate; form ng a second conductive |ine on a second
surface of the nofermingdupassagesthbmighathe, noheorsitetivid sabstiate dropd thd dirst

t surface of the

non- conductive substrate, faci osite to the fir

non- conductive subst r STEUCHVE ﬁ'lg%ggﬁ]ep%%&ecot"ﬁ%w&hﬁﬁ%éloﬁgn"’- O5atRRaly e
substrate fromthe firatis ofientducitiancobligie ahgletr%ﬁs@%% iR duEideVst thine
along a longitudinal axis oriented at an oblique angle relative to the

first surface of the WIhCRUhEhGsubstralghand ate; and at |east partially
filling the passageledst PaiglfHfing Wi Pas85s @Jitht&nﬁhﬁ%%ﬁt%hélyto electrically

connect the first conductive line to the second conductive line.

[c36] 36. The method of claim 35, further comprising:

laminating a first conductive layer on the first surface of the non-conductive
substrate; and

laminating a second conductive layer on the second surface of the non-
conductive substrate, wherein forming the first conductive line on the
first surface of the non-conductive substrate includes removing a
portion of the first conductive layer, and \ﬂ.‘fhe.rein forming the second
conductive line on the second surface of the non-conductive
substrate includes removing a portion of the second conductive
layer.

[c37] 37.  The method of claim 35, further comprising:
laminating a first metal layer on the first surface of the non-conductive
substrate; and
laminating a second metal layer on the second surface of the non-
conductive substrate, wherein forming the first conductive line on the

first surface of the non-conductive subst.ré'té‘ inciudes etching away a
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connect the first conductive line to the second conductive line. [c361 36.
The nmethod of claim 35, further conprising: lamnating a first conductive

| ayer on the first surface of the non-conductive substrate; and |am nating
a second conductive | ayer on the second surface of the non- conductive
substrate, wherein formng the first conductive line on the first surface

of the non-conductive sugstraftﬁ’gi ﬁﬁCLUd s {em)w ng g portion of the first
conductive layer, and WREr&i A > Alelaygle WRBHL &MiRY e, seed: he
second surface of the pomdutinsuiid v tt%llféébbﬁ’d Esurfagb UG $hé ERmLEdHugtveor tion
of the second conductive [c37]. 37. The nethod of claim 35, further

conpri sing: | ani nat i ngS4bst ‘?W%F’C'HE?%PW ing @way@ Raftion ofitae seeantanstaldayarhe

non- conductive substrate; and |am nating a second netal |ayer on the
second surface of the non- conductive substrate, wherein formng the first
conduct il#8l | i ne orPdt heTheme,tlﬂodstnfrdaimé%furmhmmomﬂwduct| ve substrate

o e oo id 1080 BSOSO 0% e S oh B LT,

the first netal |ayer wherein
t he second surface of Blhimmmandnducti ve substrate includes etching away a

portion of the secon taI g@' %0381 38. The net hod of ¢l ai m 35,
further conprisi nga %aﬁ |Sﬁij fetal layer An the secend sHEags witthgupence of

the non-conductive su@@ﬁdu@fnee subdtaled hBRiH Mg IAE PASsJiR! 1 the
second surface of the non- conductive substrateg wh@r eldﬁft@io ﬁ)ﬂ%%&{‘

passage through the nofendushvasubsitates inskides ferming laubive ﬂﬂr@uginrﬂ@eﬁrslh@nd
through the first and ;5&aaMbiaRLRrs Wit Slssapt th a laser.

[c39] 39.  The method of claim 35, further comprising:
laminating a first metal layer on the first suﬁace of the non-conductive
substrate; and |
laminating a second rﬁetal layer on the second surface of the non-
conductive substrate, wherein forming the passagé'through the non-
conductive substrate includes drilling a hole through the first and

second metal layers.

[c40] 40.  The method of claim 35 wherein at least partially filling the passage
with conductive material includes depositing metal at least on the inner walls of the

passage.

fo1] | 41. 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; and
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[c39] 39. The nethod of claim 35, further conprising: lamnating a first

netal |ayer on the first surface of the non-conductive substrate; and

| am nating a second netal |ayer on the second surface of the non-

conductive substrate, wherein formng the passage through the non-

conductive substrate includes drilling a hole through the first and second
erein at |east partially

metal layers. [co 40. The t had, of claim 35 .

filling the passagtjgrm&ﬂt% 8'8%8%'[@&6%?&%%?" p Eﬂ”ﬁo%@l%é’ﬂhé"ﬁ%ﬁeﬁgt‘?’rﬁl%l at

| east on the inner wal lfisstofurfdee beaesAdBe et ldonfddetiv® IR Y Y second

manuf acturi ng an apparatus for interconnecting electronic conponents, the

met hod conpri si ng: forﬁpﬂij-"%g"?f"i‘%t conductive line on a first surface.of a
dielectric substrate; formng a second conductive line on a second surface
of the dielectric substrate, the second surface of the dielectric

subst rati#? aci ng ppodhedneihod ieé ctaim st1 woereicrmingt dre eldictricalcintereonnect

substrate: anohd08einRd SPHRMRAAINR0 A0 st el BLSE A1 Iibadhuile ity

el ectrical interconnec an ~ob

surface bet weemdubtivef matetialconducti ve |ine and the second conductive |ine
[c42] 42. The nethod of claim4l wherein formng an el ectrical interconnect
includes drilling a through-hole and at |east partially filling the

t hrough-fhiej e Wi t h 43congductapparai®t ab aihter&cfrﬁ%]:tirfb?"-el@&ro%ﬂaoaéo%db%ﬁg&f the

i nt erconnecting el ectroni¢c conponents, the apparatus conprising:
non- conduct i V@& HS CPADITRP:a first surface and a second surface, the first

i Sposed on the e noRdqtk oS HADAQS inifface HhTb S0 SR8, BN
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 eléctronf{: component,
the second conductive means being laterally offset from the first
conductive means; and ! |
means for directly connecting the first conductive means on the first surface
| to the second conductive means on the second surface, the means
for directly connecting being positioned between the first and second
surfaces of the non-conductive means and not on either of the first

and second surfaces.

[c44] 44. The apparatus of claim 43 wherein the first conductive means is

vertically misaligned relative to the second conductive means.

[c45) 45. The apparatus of claim 43 wherein the first conductive means

include a first conductive line disposed on the first surface of the non-conductive
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means for connection to a first electronic conponent; second conductive
nmeans di sposed on the second surface of the non- conductive neans for
connection to a second el ectroni c conponent, the second conductive neans
being laterally offset fromthe first conductive neans; and neans for
directly connecting the first conductive neans on the first surface to the
second conductive neans on.tE§ seco dﬂ@yrface, the neans for directly

t

connect i ng belTg o4 VBHER N8 skeand cardyctive fieang inchideng seeqndr ernslyctiye t he

non- conduct i Ving@ispissedivn the bechdaiutaes othe hBR-chhdiitive ARdnsecond surfaces.
[c44] 44. The apparatus of claim43 wherein the first conductive nmeans is

vertically msaligned relative to the second conductive neans. [c45) 45.
The appagatus of ogai MrAd ANRESLE dMeafih " ClhlsV fofEaMict a
first condtct_i ve |ine disposed on theaﬁl rﬁ @%?%gc@eoﬁoﬁe ngtr’l\fé(;g'[ln%gt}ct ive
110829- 87931 Sholyde staps for|reinfticing an 8004 metwins, and wherein the second
conductive neans include a second conductive |ine disposed on the second
surface of the non-conductive neans. [c46] 46. The apparatus of claim 43

wher ei n g4 non- cafducThy eappeeates dfnelbinget3TeaResih Othe ROMESHIRICHE FHeBOXY
matrix. [c471 47. The afé)@r s of c|aimA43 wherein the non-conductive

at u A
means i ncl udBPHES AEANS fOrDORAING @ Plurglity ohstrygiurakfibers togetierl fibers t oget her .
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