10

15

20

25

30

CONCENTRI C SPACER FOR REDUCI NG CAPACI TI VE COUPLI NG I N
MULTI LAYER SUBSTRATE ASSEMBLIES 5 FIELD The

mul ti-layered substrate assenbly disclosed herein

rel ates generally to circuit board and packagi ng
substrate technol ogy, and nmore specifically to
substrate configurations that mnimze capacitive
coupling on signa CCoROhIN

printed circu
mul ti-Layered LT ING
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thin conductor 24. The conl;luctor prov:des a groundlpower plane, and is often

deposited on the substrate. The layers are laminated in a stacked arrangement with

* relative precision to preserve strict planarity specifications, Vias 26 formed transverse

to the substrate and conductor portion enable layer-to-layer signal routing. The vias
are electrically isolated from the conductive plane by a dielectric-filled and
metallization-free area known generally as an anti-pad 28.

Typically, the eatire structure is fabricated according o design rules
appropriate for the specific process, Deviating from the standard design rules for a
given process often results in additional cost, and/or unexpected problems. One
design rule governing the formation of anti-pads constrains the diameter of the anti-
pad in an effort to minimize sagging, or non-planarity in the area of the anti-pad
(illustrated in phantom in Figure 2B). We have found that enlarging the anti-pads
enhances performance for high speed signals. Unfortunately, to do this conventionaily
by customizing the design outside of the conventional design rules often adds undue

cost.



gi ven process often results in additional cost, and/or
unexpected problenms. One design rule governing the
formati on of anti-pads constrains the dianeter of the
and 30 pad in an effort to mnimze saggi ng, or
non-planarity in the area of the anti-pad
(illustrated in phantomin Figure 2B). W have found
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circuit board structure that allows for the expansion
s0f anti-pads wthout violating standard fabrication
design rules. The <circuit board structure descri bed
herein satisfies this need. 5 -2- SUMARY The
substrate assenbly descri bed herein provides a unique
way to enlarge anti-pad structures with mnim
effects on overall board planarity. This allows for a
significant reduction in capacitive coupling between
vertical signal paths and 5 power/ground planes. As a
result, optimal signal performance and fidelity is
avai |l abl e for high-bandw dth applications. To realize
t he foregoi ng advantages, a substrate assenbly is
di scl osed, The assenbly includes a flat substrate
havi ng oppositely disposed planar surfaces and a
conductor. The conductor is fornmed on at |east one of
t he planar surfaces and defines 10 a conductor plane.
The structure further includes an
oversi zed-in-di aneter anti-pad fornmed through the
substrate | ayer and the conductor |ayer. The anti-pad
further includes a spacer forned substantially
copl anar with the conductor plane.



In another form the substrate assenbly is enployed in
a nulti-layered circuit board assenbly for routing a
plurality of signal paths. The nulti-layered circuit
board - 15 assenbly conprises a plurality of |ayers,
wi th each layer conprising a flat substrate having
oppositely disposed planar surfaces and a conduct or
forned on at | east one of t Y surfaces. The
conduct or defines a conduct or An over si zed-i n-
di anet erThersubstigtechssasntily deseibed-hegaity provides s ubisee wap (pemarge
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interface adapted for interfacing to a circuit board, the contact interface comprising an
array of solder ball pads disposed across an interface layer. The package further
comprises a circuit board assembly coupled to the contact interface, the circuit board
assembly including a flat substrate having oppositely disposed planar surfaces and a
conductor formed on at least one of the planar surfaces. The conductor defines 2
conductor plane, An oversized-in-diameter anti-pad is formed through the substrate
and the conductor and inctudes a spacer disposed sabstantially coplanar with the
conductor plane.

In yet ancther form, a method of manufacturing a substrate assembly is
described herein, The method comprises the steps forming a flat substrate core having
oppositely disposed planar surfaces; depositing a conductor on the substrate to form a
conductor plane and masking portions of the conductor plane corresponding to
electrically isolated spacers caplanar with the conductor plane; etching the masked



over the etched conductor |ayer; establishing an
openi ng through the substrate transverse to the

pl anar surfaces; and filling the opening with a

direl ectric to forman anti-pad having an outer

di aneter, 5 OQther features and advantages of the
present invention will be apparent from the foll ow ng
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transverse view of a“conventional clrcuit board I ayer
FldzawipBs.is a view simlar to Figure 2A, and

illustrates the non-planar sagging associated with
conventional anti-pads having overly expanded

dianeters; 10 FIG 3 is a partial transverse view of

an inproved circuit board structure; FIG 4 is a flow
chart illustrating a nethod of manufacturing the

circuit board structure of Figure 3; FIG 5 is a

partial perspective view of a circuit board structure

of Figure 3 applied to a printed circuit board having
signal vias; and 15 FIG 6 is a partial transverse

view of a circuit board structure of Figure 3 applied

to a BOA package schenme with solder ball pads, 5
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The nmulti-|ayered substrate assenbly descri bed herein
provi des a high performance solution for mnimzing
capacitive coupling acting on a signal path due to
undesirably small anti-pad dianmeters. This is
acconpl i shed by enploying a spacer 5 in the anti-pad
such that an expanded di aneter maybe realized wth

m ni mal deviatio s planarity due to sag.
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electrically isol ated spacer 38. The spacer preferably
takes the formof aring, or a plurality of '
concentric rings (not shown) disposed at one axial end
of the anti-pad, substantially coplanar with the
conductor |ayer 34, and fabricated out of a simlar

el ectrically conductive material as that of the
conductor layer. A dielectric fills in any 25 gaps
associ ated wth the spacer and its positioning with
respect to the conductive |layer such that a flat

pl anar surface i s maintained.




Manuf acturing the structure is a straightforward

process that differs little from conventi onal

practices. Generally, as shown in Figure 4, a suitable
substrate core is first formed, at step 50. A

metal lization or conductive |layer is then deposited,

at step 30 52. The depositi on process al so incl udes
patterni ng certain porti w | ayer
cor r espqudi n]ﬂ .o the | ocations o?ﬂ: b@{)acer
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yer 34, and fabricated out of a similar
electrically conductive material as that of the conductor layer. A dielectric fills in any
gaps associated with the spacer and its positioning with respect to the conductive layer
such that a flat planar surface is maintained.

Manufacturing the structure is a straightforward process that differs little from
conventional practices. Generally, as shown in Figure 4, a suitable substrate core is
first formed, at step 50. A metallization or conductive layer is then deposited, at step
52. The deposition pracess also inchides patteming certain portions of the conductor
layer corresponding to the locations of desired Spacer siructures, At step 54, the
condbctor layer is etched, and the spacers formed consistent with the previous
masking step, Dielectric is then applied over the etched conductor layer, at step 56,

An opening is then established through the substrate, at step 58, by a mechanical

drilling process to define the anti-pad opening, The opening 15 then filled with



is typically less than three (3), As expl ained above,
one of the primary purposes of this constraint is to
m nim ze sagging (froman enl arged anti-pad) which
would lead to |ayer-to-layer planarity problens,
However, while the close proximty of the via 70 to

the anti-pad 72 hel ps reduce sagging, it also
agi tic capacitive 20 coupling, which
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erageotignsl perimmas®. The probl em may
mani f awe ha\fa&ﬁécfw&‘é& thatthy bflSipBiE e anti-pad diameter, and employing
the spacer structure described above, parasitic capacitance acting on the signal via 70
coupled from the conductor layer 74 (power or ground plane) is greatly reduced.
Moreover, by making the ratio of the anti-pad diameter versus via diameter within the
range of five (5) to eight (8), the impedance of the via structure approaches fifty (30)
ohms, which is highly desirable,

Figure 6 illustrates an additional application for the unique spacer structures
described above involving ball-grid-array (BGA) interface connections. BGA and
microBGA packages allow for efficient elaotrical connections between packaged
semiconductor devices and PCBs, The package often includes a substrate assembly
82 having a substrate core 91 and a power/ground plane 90. A signal via 89 routed
through the substrate core couples to a solder ball pad 80 formed on the package
exterior. A solder ball 84 electrically connects the solder ball padtoa
cor_res;mndingly aligned pad on an interface layer 88 of a printed circuit board



packaged circuit board and the PCB assenbly 88. W
have di scovered that by enploying electrically

i sol ated concentric spacers adjacent the sol der bal
pads in an anti-pad zone. 94 (in phantom, the
paral l el plate capacitance between the sol der bal
pads 80, 86 and the respectlve power/ ground 10 pl anes
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therei nf'hV\@et s[kﬁﬂ'.d xg TRk ﬁ'ﬂpreccgg?l% the many benefits and advantages
afforded by the multi-layered substrate assembly described herein. Of significant
importance is the nse of enlarged anti-pads having wnique spacer structures to
minimize parasitic capacitance acting on signals propagating through the circuit board
structure. The spacers help to maintain planarity where the oversized antipads are
employed.

While the invention has been particularly shown and described with reference
to the preferred embediments thereof, it will be understood by those skilled in the art
that various changes in form and detail may be made therein without departing from
the spirit and scope of the invention. For instance, while specific applications
concerning printed circuit boards and BGA packaging schemes have been described in
detail, the spacer structures described herein may be advantageously applied to any
form of multi-layered substrate assembly, whether at the macro or micro level.



the spirit and scope of the invention. For instance,
whil e specific applications concerning printed
circuit boards and BGA packagi ng schemes have been
described in detail, the spacer structures described
herein may be advant ageously applied to any form of
mul ti-layered substrate assenbly, whether at the macro

i level . - B, Furth ' .
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spacers nmay "be forimed of a rigid dielectric rather
matesiela conductive material. 9 WHAT IS CLAIMED IS: 1.
A substrate assenbly, the assenbly conprising: a flat
substrate having oppositely disposed planar surfaces;
a conductor fornmed on at |east one of the planar
surfaces, the conductor |ayer defining a conductor
pl ane; an oversized-in-di aneter anti-pad forned
t hrough the substrate and the conductor, the anti-pad
further formed with a spacer disposed substantially
copl anar with the conductor plane, wherein: the
spacer is electrically isolated fromthe conductor. 2.
A substrate assenbly according to claim1 wherein: the
spacer conprises the sane material as the conductor.
3. A substrate assenbly according to claim1l wherein
t he spacer conprises a dielectric. 4. A substrate
assenbly according to claim1 and further conprising:
a conductive via forned in the anti-pad, the via
oriented transverse to the substrate and the ,
conductor. 5. A substrate assenbly according to claim
4 wherein: the spacer is coaxially interposed between
the via and the conductor.



6. A substrate assenbly according to claimb5 wherein:
the spacer is electrically isolated fromthe via and
the conductor. 7. A substrate assenbly according to
claim1 wherein the spacer conprises: a plurality of
concentric spaced-apart rings. 8 A substrate
assenbly according to claim1l wherein: the substrate
is further formed with a conductive pad, the

WHAT bndLAIME® 54l | pad coupled to a signal path, the
signal path routed through the substrate. 9. A
substrate assenbly according to claim8 wherein the

1. A substnatel edsemblyp det acseahily s@sprisigo b diat subatrate having offdsitély diposed planar

mul ti-| ayered circ |t boar as enb for rout
surfacesy T rmetl gn e?ﬁ&?ﬂ%"fd Pra fapasybp gty Bupy defining a

condud@&iﬁ}ﬂﬁlea% S@hi’edciﬂfﬂ?zﬁﬂl&bﬁgﬂl%a@lwﬁﬁéd' th])bugﬁ tHeAMBdtSite a%ﬁocﬂe conductor,
| ayer conprising flat substrate aV|n? opposi tely

the antup%%’@ﬁb raghvitis o rsmere@spfﬁe‘t sidantidly foplarauivisithgiconductor plane ,
wherelhetﬁé %qa%@reis q ec&%gl C}F sgﬂ?efi ﬁ%lﬂ{ f13%6RducidNe conductor layer

€’ "an oversi zed-i n-di anet er
antl-pad f or med through the substrate and the
nti-pad further jncluding a conpductor

onduct or, . t he
2. A iR s dite e P | Smerdis O TRpTPRP R e Material s the

condudgsinduct or; and a spacer fornmed in the anti-pad, the
spacer di sposed substantially coplanar with the
conductor plane, wherein: the spacer is electrically

3.A sub%t@ﬁs@grgglg'%gl&aﬁg n%fﬂ@ﬂﬁ’?'ﬁ@l% reintthe sghegrwﬂﬁylnjisgy gﬂﬁfjecmc

circult ass accor di Ing t erel
t he spacer conprlses the same material as the

onduct or | ti-layered.circuit.board asse
A B RS R Sear ot ol TV R R St A e Eee v formed n the
anti-pad) thé e@lotietted Lr8nsvlrsad thie shiRyateamdChd Enidicthoar d assenbly
according to claim10 wherein: the spacer is coaxially

i nt er posed between the via and the conductor. 14. A

5.A suﬂHJraEé aslséﬁr{ﬁlz%gc&ﬂlﬁg W £laf‘ﬁP@We§e§1§ i ceq'%;&{ ?Jaﬂ? ikt osed etween the

claim1 erein: e spacer is eléctric
via andftheepndhetoni a and the conduct or.

6. A substrate assembly according to claim 5 wherein: the spacer is electrically isolated from the via

and the conductor.

7. A substrate assembly according to claim 1 wherein the spacer comprises: a plurality of concentric

" spaced-apart rings.

8. A substrate assembly according to claim 1 wherein: the substrate is further formed with a
- conductive pad, the conductive ball pad coupled to a signal path, the signal path routed through the

substrate.

9. A substrate assembly according to claim & wherein the conductive pad comprises a solder ball pad.

-10-



15. A nmulti-layered circuit board assenbly according

to claim 10 wherein the spacer conprises: a ring. 16.
A nmulti-layered circuit board assenbly according to

clai m 10 wherein the spacer conprises: a plurality of
concentric spaced-apart rings. 17. A ball-grid-array

package for housing at |east one sem conductor device,
the package having a contact interface adapted for

10. A multidpyesed eiepuitdoardnssanbly fyepwings nlewlity ctfcswndl pethsethgimpulti-layered

c1rcmtﬁ39:?‘fl% g%?%conll Sse g %@%&@?@25}?&#} @ace c o 81%111?%' fga? Substrate

havmgp@pksﬂ@l?-y difpostdglbnaaniides; x@ndudobfetmed en atdsanbheyof the planar surfaces,
t he conhact interface, the substrate

dt
the corgigg 8FrE‘P'§/r &g{}mgﬁ op Rl% a%%‘ﬁ.‘gil?eéit—lg gg(letﬁrgemtl-pad formed through

the sub@.ﬁ&@ Shd ﬁﬂe)éoﬂdmstﬁg aﬂﬁ-@ﬁ@ﬁr&@f 11(1161%6 aﬂ:oﬁ&’&@&%@énented transverse to
formed on at 11 |east one of the planar surfaces, the

the substspig apd e cp@@;@ﬁord@fd, Fipager dorasd du thecntiplad fhe spager disposed
substarﬁi‘éggt r;gl?ngarlgﬂ%l tﬁ%} gﬁ@ggtr Iy Q}lé vﬁl%geé& A %gc—tglr}g ?lgcrgtﬁ%%f}ﬁ%olated from the
condudtére anti- pad, the spacer dlsposed substantial ly
copl anar with the conductor, the spacer conprising a
dielectric and wherein the spacer is spaced away from
11. A thilg-1¥yeeddifbuttDBadRstuMIP hccording 0 dikainl HGKhdleia! thd¥pacer comprises the
package according to claim 17 mhereln the spacer is
same n%é!t%’@i 75 thareRducs] ated from the conductor. 19. An
el ectronic assenbly conprising: a nulti-Ilayered
circuit board assenbly for routing a plurality of
12. A mgilgrlaerqsbditesit boid assehntbly apetirgitoslaimuiowinoein theaspsembomprises a
dielec onpr|5|ng a plurality of layers, each |ayer
t%onprlsmg a first flat substrate having oppositely
dlsposed planar surfaces; a first conductor fornmed on

| east. gne t.he planar surfaces, the caonductor
13. A l‘plgg} daverrd SIS ogd@gﬁ&@&x %coﬁu%g,]t@ claamfllorxglferem the spacer is coaxially
interpoSiph &Rdhd i dh@MRIBhaRR,! - Pad formed through the
substrate and the conductor, the anti-pad further
i ncluding a conductor via orlented transverse to the
< . RACEL:
14. A XI?LHQ %%Ir??%d_e cblggg b%)%g ag%g'% e)g WELQL 01‘d1 azr&b@t Whereing tFlg pn%er is Qlectncally
imﬂMe&ﬁ@MaMaﬁamhdﬁmkbﬂmmﬂnductor plane, and a
bal | -grid-array package for housing at |east one
- sem conduct or device, the package having a contact
15. A nhilii 84y BbAd atRnibReaddbididg thR%EHAD HdrGiH tHe PARE Bomprises: a

assenbly, the contact interface conprising an
. Ting.

16. A multi-layered circuit board assembly according to claim 10 wherein the spacer comprises: a

' plurality of concentric spaced-apart rings.

- 17. A ball-grid-array package for housing at least one semiconductor device, the package having a
contact interface adapted for interfacing to a multi-layered circuit board assembly, the contact
interface comprising an array of solder ball pads disposed across an interface layer, the package

further comprising a substrate assembly coupled to the contact interface, the substrate assembly

T : comprising a flat substrate.having oppositely disposed planar surfaces; a conductor formed on at

-11 -



array of solder ball pads disposed across an interface
| ayer, the package further conprising a substrate
assenbly coupled to the contact interface, the
substrate assenbly conprising a second flat substrate
havi ng oppositely disposed planar surfaces; a second
conductor forned on at |east one of the planar
surfaces, the conductor |ayer defining a conductor

least opg efrfhe plana sudings.dheraidpeier [anerdlchmmearconduntornhang; Mopvesdzed-in-

y fSuBid -
dlmeté%gggaf%&%él%ﬁ% El %3 bt te:t aﬂlg tﬁ@%?ﬁﬁétﬁé%‘?g %Ja%%f;@grg&ijm the anti
pad, ths sfpstadispoatd gpbetamliadﬂyamplamﬁwﬂtmﬁe comtlicoir,ahe sfaber copmpeiing a dielectric

co ising a dielectri.c and . rein the spacer is
and wiGEEE s Sy RosPisin By o B e Rt o0, A
multi-layered circuit board assenbly for routing a
plurality of signal paths, the nulti-layered circuit
18. A tglgrid-amyanpliage eenepding forgaizm bl wherping fhegpaceripetastricaly olated from
the coﬂalﬁé’tgf conprising: a flat substrate having oppositely
osed planar surfaces; a conductor formed on at
Ieast one of the planar surfaces t he conduct or Iayer
defj ni.n nduct.or pl an an qversjzed-in
1. an SO B R gl B S PR LA S T Shing sty
of sign€1@PathdCthe nulti-NerAcircaBodrd bs8@blyl Joelpiging @ p&lrﬁl@t@d)lﬂ Tdyers, cach layer
via oriented transverse to _the substrate and t

comprigigge fipbilat subsiigiedaying gppesitelyrdisnsedsplonar sedaces; r@eﬁrgtp@eémctor formed
on at leQE:t%EQ §F@1eg%§1t QbLA g coﬁ@ﬂ:ltcﬁ"]?er H@fg‘ﬂné Q@orﬁﬁ@tgpg%gé, a first
g a dietectric; n

| ane; t he spacer conpri si
overs1z¢drg‘r é1|ameteh gntg—pabﬁ)rmed ﬂﬁo@rﬁw substsata apd e abidugtonfthe anti-pad further
oncent ric spacedsapart rings -arr
1nclud11|£1)%‘a ﬁon uctf)lé }«’la ogu%te% gg%stvqsg 50 &1& glﬁbs%rggrﬁng g}heaclﬁ)gfi%cgord g\t;x?% gy?acer
-formedtih memaﬁl@ag ethh speeerdispoRl abbtahtidlBdoplgarasi@pihe dodductor plane; and a

'__ i.nterfagi a multi-layered circuit board assenply
ball-grihieroy BRiHaRE for PSR BUESE SRS RGUPF devioay the pacigegpvin a contact

':mterfac@%bﬁpl@@ﬁ‘ﬁthg HRROESE ACHORFbARd hALAPRAHE chAY& inteffA& comprising an
Eac agdlpfurther conprising a substrate assenbly
array o

aistdinposedracenss an htentaca daver, ttlrvanaskmﬁmahee comprising a
substraé%?»s%%tby fou% dﬁq% lth?‘e: c%gtafzﬁmterﬁge € ssus)gt%&e asset %lar%f)mlpnsmg a second flat

ose anar surfaces; con
substratfedjamg oppnsa:hly dlgyasdd Iﬂiﬂﬁlr ehrfiche amleaﬂﬂrcoﬁdﬂcfcﬁd'&lmedtdﬁl&t least one of

e Pl B S P e e b et indicte
anti-pad FRGEA HréughHe §ubSirsie Bﬂ(ﬂﬁfe‘ébndlﬁ:t(ﬁpﬁﬁ% seb@dBledr Porhd?Q in the anti-pad,
anti-pad, ~the spacer dlﬁgosed substantial l'y copl anar

the spaggr dispesed S\élz?muelﬂmoplqméws deccondenipns thei sp@ceacompnsmg a dielectric and
whercifELEELE & Spacl ot B v/l HAGRIud:h. SPaced avay

© 20. A multi-layered circuit board assembly for routing a plurality of signal paths, the multi-layered

 circuit board assembly comprising a plurality of layers, each layer comprising: a flat substrate
having oppositely disposed planar surfaces; a conductor formed on at least one of the planar surfaces,
the conductor layer defining a conductor plane; an oversized-in-diameter anti-pad formed through

- the substrate and the conductor, the anti-pad further including a conductor via oriented transverse to
.th_e substrate and the conductor; a spacer formed in the anti-pad, the spacer disposed substantially

e coi)lanar with the conductor plane; and the spacer comprising a dielectric; and wherein the spacer
. _



22. A ball-grid-array package for housing at |east one
sem conduct or devi ce, the package have a contact
interface adapted for interfacing to a nmulti-Iayered
circuit board assenbly, the contact interface
conprising an array of solder ball pads di sposed
across an interface |ayer, the package further
conprising a substrate assenbly coupled to the contact

comprisef; ey okgeacaitirsreadeapaedBIghl y  conprising: a fl at
substrate having oppositely disposed pl anar surfaces;
a conductor fornmed on at |east one of the planar

21. A mllrdracasay nah@gscfmdlmiog at rystione efminomiycwr donch, dtegrackage have a

- dia fer nti-pad for
contecf G APrb oDl b2 in el Rt Soos SpaREy, te contact
interfade0dommstising zin%a? Bf bol@@(ﬂ)all phdediSRREPicréts ap @ethce layer, the package
substantial ]y | anar with the conductor; the spacer

ﬁlrtheré:@ﬁ;ﬁpplgg ﬁgulésnareéqs%thy gouplgdgo t]gm@péqc infertac wstrate assembly
compn‘rgiiﬁggtg ﬂ%bstﬁt@lh&&?}r% ddpg%fsﬂiy & Pfah&‘ safa% da didior formed on at

23. A net manu Ing a su strate
least omehbplynamhﬁamtth@gbndcmpr lasbn@fmhe agtopgectorfrdane sgoersized-in-

{ haV|n sitely di spose | an .
dJameter ﬁ1 6&: Lé$ ? F}ggouglﬁ ﬁ]ﬁ é%‘ﬂ%%?@qg CcQ %/tﬂr as ?ﬁ% nglfztgmtat%e anti-pad,
the spaf:ﬁfdgspaséﬂhﬂlﬁ'ttﬁﬁtmﬂlylﬂbﬂﬁﬁraﬂgl tﬁa&fﬁidilgtolﬁahé $Iﬁﬁéi‘|c|ﬁfnpﬁl§1'ﬁg a dielectric; and
conduct or plane corresponding to electrically

whereip ghe) SRpcs] 15 1PAc5E W QY SR HECOMUCH t he conduct or pl ane;
etching the masked portions of the conductor |ayer to
define the spacers; depositing additional dielectric

22. A ellaridtdrmyaackasd ferdodsiog ok leashpre semiegndablor dévigeythgpackage have a

contact 18%&3@ L cfaB{eg lfﬁg:qngeﬁ?‘ﬁég gose{e rﬁalﬁfﬁﬁagrer%&l E téb f&as%é‘n‘%‘bﬂ? B0 &8 ntact

: mterfacfea:rompmmgmhlamaga df sudder lbgll pﬁﬂsaiiipe;secmmhﬁ interBde lé&hﬁ the package
further gfnpgpsqag Fi |s$¢§grla{cnﬁ§s?é8%)g¥ﬁtzqq§ ed tg @r éo?altaggmze%ace I:c]lge substrate assembly
‘comprising: a flat substrate having oppositely disposed planar surfaces; a conductor formed on at
least one of the planar surfaces, the conductor layer defining a conductor plane; an oversized-in-
diameter anti-pad formed through the substrate and the conductor; a spacer formed in the anti-pad,

the spacer disposed substantially coplanar with the conductor; the spacer comprising a dielectric; and

wherein the spacer comprises: a plurality of concentric spaced-apart rings.

23. A method of manufacturing a substrate assembly, the method comprising the steps: forming a

flat substrate core having oppositely disposed planar surfaces; depositing a conductor on the
 substrate to form a conductor plane and masking portions of the conductor plane corresponding to

| electrically isolated spacers coplanar with the conductor plane; etching the masked portions of the
conductor layer to define the spacers; depositing additional dielectric over the etched conductor layer,
establishing an opening through the substrate transverse to the planar surfaces; filling the opening

with a dielectric to form an anti-pad having an outer diameter.
24. The method of claim 23 further comprising forming a via after filling the opening.
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