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| NTERCONNECT Background of the Invention Technical Field of the Invention
The present invention relates generally to interconnect technol @/ 682005

routing siowa@ekepugh a nulti-layer board, and is especi ful with
flip-chip packagi ng. Background Art FIG 1 illustrates, in (a:]%é%g%?g@?fon

‘ot her board coupl ed, such as by solder balls, to an interposer or other
substrate, hereinafter referred to as a "card". The card is coupled, such

as by solder bunps, to a KIGHRDENITISFEIH-CHPP GNTRRGGNNRRE i | | ustrates one
exenplary enbodi nent of the layers of such, according to the prior art. In
the illustrated exanple, the card has five layers of structural materi al

(board layers A-F), and six |ayegsr@fouh r terconnects (trace
| ayers 3F, 2F, 1FC, 1BC, 2B, an? 3|§5’ °“mﬁ?fg‘%§9‘éﬁ“ﬁ% fied notherboard is

shown havi ng onlyww ( not herboard) and one trace or
preciate that this

I nt erconnect |ay r.eader w
is by way of exa e{e(p(ggﬁ?m v Bf'éej%/tﬁ/ée"'t"rﬁgy QM CcRRRest t‘EﬁITB&BgY UG er connect
| ayers, such watsrthxo&gli Byalt-13fer Roack, aﬂid@%ﬂae&IQHSQIscﬁFwnﬁHﬁré!ﬁﬁﬂacﬂégfnar outing of

| ar ge numbgrs of i nput/out put (I/O) signals, menory signals, clocks,
st robes; oltage references, and the |ike (hereinafter coIIectlver

referred to yag\@mglns" for sinplicity in explanation and not by way

of limtati on) ower |ayers are used for providing power,
ground, shi el di ngFIGAdiestretes, |uk@ossgpgwal smatherb@od cmptedplsubl%hy\ﬁyemld&flﬂﬁg | ayers

using vias. Rowes an ui.t a be, r d pI ed
bet ween adj acent I Q{bgcrr;% gtgl %SQJ f eégefe"'ﬁg\s%%fér car tﬁ’Fé"ﬁdeSI asp Fﬁay of ten
b;g/t 00 I ar geudhas Ibgsddnribarbbsatofathﬁ:eh bd'a fipLehipi, Srbcﬂﬂﬂﬁit&t&%@%ﬂ\ plahe upper .
|-ayers. tha% ase, ﬁ!g? }lon Is to use mcro-vias (gvias V\/mch may be
for nmed by et &R ?1“8"‘8’!* of he Tavprs of such, aceprding tothepnios artdp hedllusieted gxamplé. the woul d
permt. 25 Ptgang fﬁ/@@éyhﬁl&?s&tﬁtu@lﬁﬁt&ﬁf @550 Ehers A-H! Fd six Fapérg Hﬂr@gc%tort he
remai nder of this patent
interconnects (trace layers 3F, 2F, IFC, 1BC, 2B, and 3B), while a simplified motherboard
is shown having only one structural layer (motherboard) and one trace or interconnect
. .layer (m/b trace:layér). The reader will appreciate that this is by way of example only.
15 Typically, the uppermost one or two interconnect layers, such as trace layer 3F and
trace layer 2F, are used for routing of large numbers of input/output (I/0) signals, memory
signals, clocks, strobes, voltage references, and the like (hereinafter collectively referred to
as “I/Q signals” for simplicity in explanation and not by way of limitation), while the
“lower layers are used for providing power, ground, shielding, and the like, Signals are
) .20 routed between trace layers using vias. Power and ground planes may suitably be routed or
coupled between adjacent layers using drilied vias. However, drilled vias may often be too
large to be suitable for use in routing signals between the upper layers. In that case, one
option is to use micro-vias (uvias) which may be formed by etching or the like at a much
smaller scale than drilling would permit. -

Please continue to make reference to FIG. ! throughout the remainder of this
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patent.
FIG. 2 illustrates, in top view, an exemplary routing of such signals according to
the prior art. For ease in reading FIG. 2, the various layers of the motherboard and card are -

not shown, but the general outline of the flip-chip die is shown by the dotted box 10. A




FIG 2 illustrates, in top view, an exenplary routing of such signals
according to the prior art. For ease in reading FIG 2, the various |ayers
of the notherboard and card are not shown, but the general out 1i2V&08®§ 2005

flip-chip divobseghgwn by the dotted box 10. Al 12/08/ 20051,&?/"%32/1,@@37325
PCr1 US02/ 02836 plurality of bunps 12 are distributed on the i die

and/or the card in a pattern. Sone of those bunps are for carrying 1/0
signals and sone are for carrying power and ground signals. Typically, the
110 si gnal s Phirklity béb!umpmlécaredistﬁbuwd rethe Bipichip dieeit/os ER\WaY 108 pite&:. Some :
nmot herboard,of;h%y u desi ra (5 1o rogte tho e signals using the
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power and gro sone._ hi gh density or si gnal - count “applications,
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on the uppe(&#dsasthwsad@eledyé)fo('pmdsraad;gram:dand others il I ustrated by solid

| i nes extendin fro e es tl.V bu to.the "to circuitry”
i ndi cati on), V\hlglf'émgf: "437'#3’ & S&ﬁzﬂgga §P'§‘r{2mtﬂmf’rﬂéﬁﬂ@ Fignat C‘P%E‘ﬁ’é{?ﬁ ve

bunps down mbmmﬂmﬁmg@mp& sﬁ.lﬂlomaﬁﬁ@mcult%r ﬁ]pokgymo ,Toﬁt@(éﬁohﬁygé such as

trace layer .2F outward to | ocati on where the design rules and physi cal
_di mensi ons J&Rkion th ?P@ﬁna%ka%daxeh%awclaanﬂtmnmwmc(@i;hmv@sngm)are o the 15

. upper nos§ thoges i natio The signals
which are carri glbj%%F%ﬁﬁ%gcgﬂz%ﬂ%gﬁﬁgkggfhé?céjlﬁ‘s{r ‘ﬁyr ? gamﬁy dashed
an)‘ues such extendiog ﬁanrthaf tespecbee bugnp, mﬂmr“we{ncﬁtdy’baadieaﬁdﬂ?]tm\@lebm& kayer they
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The inventi 8 W} be understood nmpre fully fromthe detaiTed description
gi ven physical dimensions permit, then back up through a micro-via (such as 18) to the
15 uppermost trace layer, and from there to their destinations. The signals which are carried
- below the uppermost layer are illustrated by, dashed lines.such as 20, and after being
micro-viad back to the top layer they are illustrated by solid lines such as 22,
However, the prior art has limited ability to route large numbers of signals in

high-density applications, and other limitations.

Brief Description of the Drawings
The invention will be understood more fully from the detailed desctiption given
below and from the accompanying drawings of embodiments of the invention which,
however, should not be taken to limit the invention to the specific embodiments described,
25 butare for explanation and understanding only.
" FIG. 1 shows, in cross-section, a flip-chip die, a substrate, and a motherboard, with

exemplary layers shown, according to the prior art.

FIG. 2 shows an interconnect routing system according to the prior art.

FIG. 3 shows one embodiment of the interconnect Touting system of this invention.

30 FIG. 4 shows spacing details of one embodiment of the invention.




bel ow and from the acconpanyi ng draw ngs-of enbodi nents of the invention
whi ch, however, should not be taken to limt the invention to the specific
enbodi nents described, 25 but are for explanation and under st andizy08¢ix005

FIG | showsygighle&sRss-section, a flip-chip die, a substrate, and a
nmot her board, W th 515e%>s<errpl ary |l ayers shown, according to the P§TUSPZREIS FI G

2 shows an interconnect routing systemaccording to the prior art. FIG 3
shows one enbodi nent of the interconnect routing systemof this invention.

30 FIG 4 shows 1853 f9wdedudihd Sctiis D5 SHRaRIEN ho; ipyentton. 2
12/ 08/ 2005 WO 0. 2/ 06 73 25 PCT/ US02/ 02836 Bl G b }éﬁg'g‘\igs“hg%ﬁtg‘?{ﬁg&”cfet ails of

one enbodi wie theqautingad signalnbetyveantrhicngtvies liya tradedayienignedtie the optistrgt Of
signal s betwegphicro-vias in a trace |layer beneath the uppernost trace
| ayer. FIG 6 shOows routing details of -one enbodi nent of the invention,

particularly 5 $HoWishgws hetingdetailgf afe eaib@diment dfthel i@nticH) bRyl ayer and a
i ment of an arrangenent of m cro-vias

| | o FLG, .7 d
Coor di ng t 5“?‘?’1‘?‘%‘“%@?‘8@%?@%‘%5?‘%HPBHmBﬂwﬁméiadﬂwq YEI.G. 3 illustrates

according to

one exenpl ary enbIgi7RRAs B ehBediRLIFSPRRREImSY Viad Al Sdind RUEALI ON. As
before, the.dotted box indicates the Iocatlgo"rll o?f‘ﬁg}%lﬁ){&%ﬁ%‘éf(}it@g There
are a pl uré‘?"lef“ﬁp"of' bunps 30 distributed within the area where the di e and

card (meaning substrate, interposer, or the |ike) connect. Various groups
of the bunps may be distributed in one or nore repeating patterhs. An )
instance of a group of bunps-thatDeisipddescriptipnbe d " " " - -

_ 10 - FIG. 3 illustrates one exemplary embodiment of the interconnect system of this
) invention. As before, the dotted box indicates the location of the flip-chip die. There are a
plurality of bumps 30 distributed within the area where the die and card (méaning
substrate, interposer, or the like) connect. Various groups of the bumps may be distributed
in one or more repeating patiéfns. An instance of a group of bumps that repeats may be
15 termed a “spline”. The term “spline™ may also be used to refer to a group of traces, bumps,
- - - vias, orcombination thereof correspondingtoa spline of the die. The illustrated pattcm
includes seven bumps 30A-G which make up a‘~s’pline'(S-plinc 1), and that pattern repeats
itself to form additional splines (Spline 2 through Spline N). For ease in i‘cfcreﬁce, the
bumps may be considered as being arranged. in.rows, with an outermost row (row A} being
20 nearest the flip-chip die’s edge, and-one or more additional rows (such as row B through
- row Gj each residing sequentially closer to the center or core of the flip-chip die. As
| ) illustrated, the splines may in some embodiments mirror image at some point on the chip.
h For example, Spline 1 and Spline N are mirror images of each other, In the embodiment
shown, the splines mirror image and leave some non-spline bumps between them.

.25 The card has one or more rows of micro-vias (such as 30H and 301) arranged in
one or more rows (such as row H and row I). These micro-vias are for returning /O signalé
from a deep layer to a less deep layer. Typically, this wiH. be from the next-to-uppermost
layer (2F) to the uppermost layer (3F), but the skilled reader will appreciate that the
principles of this invention are not necessarily limited to that application. For ease in

30  explanation only, this patent will use the terms “top layer” and “buried layer”.




" is ternme a spline . The termspline may al so be used to refer to a group
of* traces, bunps, vias; or conbination thereof correspondingto a spline of
the die. The illustrated pattern includes seven bunps 30A- G whil@y g@Ke Qs
“a spline (Saki - and that pattern repeats itself to for | tional
splines (Spﬂv{r?g% El]%ﬁrough Spline N). For ease in reference, Pﬁggg%(ﬁfﬁﬁ% may
be considered as being arranged in rows, with an outernost row (row A
bei ng 20 nearest the flip-chip die's edge, and one or nore additional rows
(such as row B t_mmmmoreoﬂm@pua@:qhaynﬂséa;hegmﬁcﬁﬁglgraﬁéj'saﬂhw&laﬁﬁer to the
center or core of.t%% fliﬁ-gchip die. As illustrated, the splines may in
sone enbodi nEHTE VA HREh SUCREepEP Bay boisemessi “mserd sughtse Rishi ipthrougioRisexinypl e,
Spline | and Splimgt ) j | n_t.he enhodi nent
shown, the splines m%l?%&? hlia%rfcgé@r %Jﬁ{é@ﬁgg\}g&ss gﬂegn‘ﬁ%%l@g%f‘ PR LY B e en
them 25 Thesgagiardiissrsofeesimpliciyrie iliustvasion ThersldHal readaswillapsrecias tid@hyand 301)
arranged < n r.e ro such, as tow H.and row D. These_ m cro-vias
are for ret unruﬁbﬁb&rﬁ s mayd eg??pg‘?ﬂtgaﬁgéﬁp‘f‘:&ff‘éﬂot‘@“a&dFsé@%“OﬂéBthsayer.
Typical |y, tommmes || be from the next-to-uppernost |ayer (2F) to the
upper nost | ayer ﬁ__i&z) but the skilled reader will appreciate that the
principles of t hif &-4iljesteates anesremplaty spreéngs theibugps andimierd-vias in & spline

e o B e
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[ such as

t he di stgnt LGhER-Y h _suc rqu .be, terngd a "riser",

Riser | thr Sﬁ%qﬁﬁ&f e4U%§E m%ggortcb%nqq%g]beﬁbuﬁ?g@%‘ﬂmﬁhﬁ Ry pat the bu éF‘ﬁ'P? akes are
_ il} ust r at edtheeamé sige, api thitake miofb-ilkEielof the same size as the bumps, and so forth,

In one embodiment, 2 bump (such as bump 30A{a)) has a width “w”, and the

bumps in a row are on 2w centers (such as bumps 30A(g) and 30A(h)). In one
embodiment, the risers are located such that the on-center distance from the outermost row
15 of bumps (row A) to the nearest row of riser micro-vias (row H) (which may be termed the
. ““breakout length”) is approximately 12w (such as from bump 30A(d) to micro-via 30H(d).
The micro-vias within a given riser are located on app_roximétely 1.5w centers (suchas -
from micro-via 30H(d) to micro-via 30I(d)), while the risers are at roughly 3w spacing
(such as from micro-via 301(d) to micro-via 30I(e)). The skilled reader wiil appreciate that
20  this is but one example, and that the sizes and spacings for any particular application will
be dictated by such things as the available inanufactu'ring technology, the number and type
of YO signals, the cross-coupling and noise requirements, impedance targets, and so forth.
FIG. 5 illustrates one exemplaty embodiment of the micro-vias, signal traces, and
ground plane on the buried layer. Bumps 40, 42, and 44 are actually at the top layer, but
25 are shown here for reference of the spacing. Micro-vias 48 and 50 route /O signals down -
from the bumps through the top layer to the buried layer. Traces 58 and 60 carry those
signals to micro-vias 54 and 56, which route the signals back to the top layer. The reader
will appreciate that the traces 58 and 60 do not connect to bumps 40 or 44, as those bumps
are not present on the buried layer; they merely overlay the traces 58 and 60.
30 By providing more than one row of riser micro-vias, an increased number of

breakout signals may be utilized.




associated risers, for sinplicity in illustration. The skilled reader wll
appreci ate that any nunber of the splines may be coupled to their
_respective 1/ O signal destinations in this manner. FIG 4 illugt7a089 2005
exenpl ary spagi sthe bunps and micro-vias in a spline and_its riser.
The skill ed ?\gjadd}g)ﬁgz\";\w || appreciate thatthis is only an exdifies9242f$6not
necessarily a limtation on the invention. The reader will further
appreciate that it is not to necessarily required that, for exanple, the

bunps be circul ar iy gHRlenibbditnehteroRWIB ﬁgcrgg ' t hat

the mcro-vias be nof tehe sarerlg’ srioze agméghdee%rr‘r%fg,mptal%rso ob'ri'krﬁ.?(slugp%sne

enbodi nent, &YWuinS) @adiths badeddapeptraBesbunps (sech aaromisd®-F) it wikd fagcbunlie  bunps in

a row are on C S, 30A nd 30A(h)). .l n.one.
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mcro-via (rqw ] égm cg\?rra be ternmed the 5 "breakout length. 1) is

appr oxi nat el V%‘Q\W'r’ T PRSL TiSPrs FR 990RRSt @b micror viasfibe wWhick sapness By grpundrhe

m cro-vi al WdrkHsonah&di¥ e i a2l cBr , ) ' , 1. 5w centers
riYsdndhdi e'ﬁ%ﬁ?aé cBrr) 86 At pgtg c?xgeg?lgi f?ﬂ Wﬁgp%(cﬁ&e

(such as frommcro-via 30 to mcro-via 301 / erisers are
at roughly 3WliBssaanhsery sigeals. Becapsedhn fingers$2ar¢,ahedaitiedidignadtrades 6Dand 60, 301(c) ) .

The skill ed [ t ha 0 this is but e exanpl.e, and
that' the si ze{gg an lcﬁ%‘é‘(%sl %826? g’raﬁgﬁ?f a@“t%%%rjayﬁbﬁ\eyg@f‘%‘? @N"F el &0 di ct at ed
by such thi rgto ms téueh eachaiticaThe fingera grovida o grbghdi(ecionel) edm pafhFormeber and
type ofmI/O.usil(!;';naltst theégprosfs_- coupling and noi se requirenents, inpedance .
t ar get s, Cand' @A ey prqvise agefprencs Hang fot thesigaals whieh Reerbyeaking ot onsthe of t he
mgro-vial, t§gpal traces, and ground plane on the buried |ayer. Bunps 40,
42 and 44 are actually at the top | afyer, but 25 are shown here for
reference of theFKp&d!isatenfugthes dotailssol4i® exauiplsty embudieehy'sBown rfGs5domn  from

t he bunps t , r| buried layer. Traces 58 and 60 carry
those signa c?b}?@y %ﬁhfgl? Is)@@fl g@%%ﬂmg%tigg?wé:ﬂ? %??e b gﬂ&?'?‘r‘i‘[ﬁ%’f‘%ﬂ'ﬁ? s”'glbsac k to the
top |ayer. Wutedrondches 68,and the sipml fomdumpDad rotit@or #2696 tPBeRREpRAvalo not

Cayer:  thoy SHIEPRIoy e ft s et a5 BTG Btk IR 2 pRf Hor ¢ ¢ ha
. Oone row of drk fdtitedUritfRe Yephhnts Mard Va! REREAVRLFRR! foPLxample, 2 logic or chip :
(not shown) coupled to the trace 72 is ultimately connected to the flip-chip connector
coinciding with the bump 48. |
The skilled reader will appreciate that, in order to minimize cross-coupling and
20  other undesirable effects, it is desirable to minimize the distance over which tép layer
signals directly overlay buried layer signals. -
E ) , In one embodiment, a maximum breakout signal count may be achieved by roufing
three 1/0 signals on the top layer and two IO signals on the buried layer. In other
embodiments, in which the design rules dictate otherwise, other signal counts may prove
‘25 better. 0 -
" In one embodiment, a given spline’s top layer O signals are routed adjacent one
another, and that spline’s buried layer I/O signals are brought up to the top layer and then
routed adjacent to that spline’s top layer I/O signals.
In one embodimen_t, the top layer /O signals are routed on an outermost side of the
30  spline’s riser micro-vias, For example, in the view of FIG. 3, the top layer /O signals for

the splines on the left half of the flip-chip die (beginning with Spline 1) are routed on the




breakout signals may be utilized. 4 12/08/ 2005 WO 02/06732-5 PCT/ US02/ 02836
I n* one enbodi nent, a row of bunps between the top |ayer traces' bunps (such
as rows A-C) and the buried layer traces' bunps (such as rows B-F)Q8% 2uses
" for ground, wRPRE73:.9" Oother reference. In one such enbodimept. that rowis
used in conjunction with a ground plane 62. The ground pl ankCTHX0R a
plurality of "fingers" (such as 62a-c) which 5 extend i nward past the
risers to connect to the mcro-vias 46, which connect to ground bunps on

the die. The ldfi sigpasfandhaspactiva bonkshdh@ing hsdts, WHIRRL B V@O digialstiehs
respective s}allnes' and risers' signals. Because the fingers 62a-c, the -
buried si gnafPtiesppthesightiny (eding with SplirgN)are Fouedioadheright dde ofdlisir and 56, are

on the sane |a@yRiive édiR¥poalinulidpe fabricated so as to not touch each
other. The fingers provide a ground (or power) return path for the to

signal s, and t heylt ot neessarily the ezse that alptigreembisn be tquallsspgeed] 5 thdrieader g

br eaki ng out e op.layer.  Fl 6 jlLlustrates further details of the
exenpl ar yg)en?fg)gﬁckgehtp Olts%gr\}\]/ﬁ% tﬁe ﬁo(ﬁm%fmoﬂ{"SE'ESHQE‘WBBC"P%W, inpgods b Rlaesd £ rom
bunp 42 is rmuthedosntogetherehdGrhet fifaceht@ary, i thosP dbaBints Whereltidit Bkron trace
68, and the signal from bun@ 40 is routed on trace 70 to their respective

i s desti nat i 'GTECHYA TGS HiEd pRihe pulgesides phiosq wissEst s semerembediments,dhe f r om

M cro-vias SpadifimaPbe dfitrehtIdteash Mhchdt BSGE 0o 4 spectively.
Thus; for eisgrrpl e, EEJZi_?ogi(f:: or chi pihc%rﬁgt&’shiomm; @é‘g%p%égpguézﬁ’ﬁae&@mce 72 is
ul ti mately dORAWeEOEsERa) treees that myst piss betwioemasijacent paizs) ambsodortiy Wi t h t he bunp
48. The gkill ed | late tha I order to m,nimze

Cross- coﬁpl i ng a?}rﬁ@r@%n b\é@ﬂﬁ]éﬂrleﬁ%gésﬁ talbé%fp '"%*W%ecl&,s‘g'?a?s qeroyiedion R tep ¢ o

m pi i ze t hdayei aidancekanism e bebrmiosthicd yivs of DuP{rowsIh IS he YaMRIk A% bur i ed
I-ader signa | n ,one enbqdi ne a maxi mum br eakout signal count may be

l.S. t,
achi eved by “ﬁ%&lf’r"r{’g'mpt(m ip T@Qibﬁtw&f‘kthﬁﬁfﬁtﬁﬁj%Cé?ffdlf&‘yéiﬁmafnd two YO signals
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dictate otherw se, other signal counts nmay pr
) layer and two IO signals are routed on the buried layer, the buried layer signals are taken

15 from the fifth and sixth rows of bumps. In one embodiment, those buried layer signals are
routed directly beneath the spline’s first and third row bumps. In one embodiment, the
fourth row bump is for ground. In one embodiment (such as shown in FIG. 3 as row G),a
row of bumps inside the buried layer signal rows’. bumps may be used to provide power.
FIG. 7 illustrates one embodiment of a placement of the riser micro-vias, which
20 provides the shortest path for the signals on the buried layer to surface to the top layer. In
applications where it is necessary to space the risers wider than the spacing of the splines,
‘ by distributing the risers generally in an arc, the buried layer /O trace segments may be
, ) made to have reduced variation in their respective lengths, In one embodiment, the
respective micro-vias within a given riser may still be placed in substantially rectilinear
25  arrangement with respect to the rectilinear alignment of the splihes. In other words, in one
embodiment, the micro-vias in a riser do not need to be aligned in a radial tangent to the
arc along which the risers are distributed. This rectilinear alignment may lend itself to
easier simulation and validation, for example.
While the invention has been described with reference to embodiments utilizing
30 solder bumps, non-drilled micro-vias, and other specifics, the reader will appreciate that '

the invention has ready applicability in conjunction with other technologies and that these.




25 better. In one enbodiment, a given spline's top layer 1/O signals are
rout ed adj acent one another, and that spline's buried layer 1/0O signals
are brought up to the top layer and then routed adjacent to that2/Apgyaeob

" top layer 1/ Webgiads. | n one enbodinent, the top |ayer YO sj s are
routed on an outermost side of the 30 spline's riser micro- VEE@.S”EB?“

exanple, in the viewof FIG 3, the top layer I/O signals for the splines
on the left half of the flip-chip die (beginning with Spline |I) are routed

on the 5 12/ OBARO6HdisoIRiMdh6ET Aatbe E%kle&%ﬁ)y%&%ﬁfﬁxﬁftﬂnoﬁ'ﬁ%e@fzoﬂe e
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si de of theiraj rﬁﬁﬁdll%ﬁgie‘é%féb‘%&%ﬁcpﬁ%%&éﬁ%n{ dcﬁﬁrag 2 ﬂtk Ch@gﬂgehfgﬁﬁ anggrl ly the

case that all risers nust be equally spac I Wi

appr eci at e.  Flameakigug as a cander thedikedent er nost risers may in some enbodiments’
be placed g much ¢ [ t her Cen al rs, in those

enbodi nent’s vvherelrﬁiosg{t{ra?g%{%ﬂ"&erscrg’ﬁggﬁew Balf’i‘)‘lﬂt@&e's&ﬁ“ﬂ% outer -
si des of t hoder trangeitting them, mnmmosh;mrrtaher&étﬁml@ga@csdwmmge di fferent

for each adja ent dependi n upon design rules, varying nunbers of
si'gnal t raceén %Lr@ Tﬁfg%"ﬁ@ am 25 s @égtﬂw&arﬁiéasmdwrlb@rm kermd0 | n

one embodi MeBfa multi-Mhdr&bar Ravifk SRR &Rl t%ﬂg n the
top " layer and m t aken f rovr'n%t he (;ut er nn‘%?alt%’?geeh?%eslo’?g}sbb"t% oars A-C),

" the trace fr HieridHadensiang haytheinimation Gasepplebility in olhtredcﬂueloges;mumhm}fosd st and

second raQy byrdseh & J=Tygsto) for ne three I/ 0O _

signals are rout ed %ﬁq{]ﬁ’e to gl{ﬁﬂgﬁréd%d'evﬁl?/@%?saogfﬁﬁ?ga%as% #d on the

bu i ed | ayersuck axthbierin eliich yteconcayrme ﬁot&éﬁnéﬁb@ﬂ“&abés"fpélﬂd@ $d16ng dsfteRe and
enhodi nent,, those buried | ayer S|gnals are

th f
rout e(r:IO\évlsr gcﬁ ?H’qgi’heelg}ﬁ’is #ﬁ'@"%fsfcﬂé'géla‘fw‘ﬁt lings, dragas; fikers, BWihBﬂlhw the one

enbodi ment,, rbd]téremfcﬂﬂﬂfbl?mg AO31&EDet 18y O ofleP 4 Herens 1R Un ATRORMIE R b5 UCh as
shown in FI gé row 0), a row of bunps inside the ur| ed [ayer signal
rows' bunps %;gi;ty OWeYEH tliec;elm daced avill bamsed in the claims to generically refer to any

15 and all such means. These and other points of invention wil} be understood by the skilled
‘Teader upon thoughtful consideration of this patent. |
Reference _in to “upper” or “outermost” or “top™ or “buried” or the like should not
be interpreted as requiring any particular absolute orientation of the apparatus.
Reference to “breakout length™ should not be interpreted as necessarily requiring
20 that the riser micro-vias be beyond the physical edges of the flip-chip die, but only that
they be beyond the bump area of the flip-chip die in their vicinity.
. Reference tol "an embodiment," "one embodiment,” “some embodiments,” or
) "other embodiments" means that a pattiéular feature, structure, or characteristic described -
in connection with the embodiments is included in at [east some embodiments, but not
25 mecessarily all embodiments, of the invention. The various appearances "an embodiment,”
"one embodiment,” or “some embodiments” are not necessarily all referring to the same
embodiments.
If the specification states a component, feature, structure, or characteristic “may”,
“might”, or “could” be included, that particular component, feature, structure, or
30 characteristic is not required to be included. If the specification or claim refers to "a" or

" - . .
an" element, that does not mean there is only one of the element. If the specification or




FIG 7 illustrates one enbodi nent of a placenent of the riser mcro-vias,
which 20 provides the shortest path for the signals on the buried |ayer to
. surface to the top layer. In applications where it is necessarlZﬁDSﬁ&@@S
the risers woarstBan the spacing of the splines, by dlstrl Eg
risers generally in an arc, the buried layer 1/0 trace segnents nay
made to have reduced variation in their respective lengths. In one
enbodi ment, the respectlve mcro-vias, within a given riser may still be
pl aced in suBltasefald’ B ﬂ@h@qﬂai"mrcneﬂaaafaemmﬁmemﬂe there Beih@EdRCkani et he
rectilinear 6%&9&ﬁmﬂ%aﬂam%e? splines. In other words, in one enbodinent,
the micro-vias Ina riserdo not need to be aligned in a radial tangent to
the arc al ong wiltebe tiikedrih $Rrast taviag te SedeiPsiRd disdiBduse \;,m rpgnjebnﬁ}@ﬂ{at al i gnment
may lend itself R easi er S|nEHFt|on and val i dati on, xample. Wile
the inventi o Wa¥ BN PBE EPPRiRc iorerRg fesstintion and (irwleﬂ!aow treamitds withinl | zi ng
30 sol ders bwﬁascopaemg?fegér@gwgm%ol @smemgm%mse ot§§‘§c f 't@ ﬁleﬁflhe reader
wi || appreci he |nvent|on as ready appli "onj unction
‘with other t%é‘ﬂ'ﬂ’ﬁ‘ﬂ vesRather, itlisthe fdllowing 6lairdy iDELANOMy AR ARK AR Eto that
. PCTI US02/ 02 sion should not be |nterpreted as any sort
of Iinitatigﬁﬁgﬂmkﬁkﬁggéﬂ%lo %% invention. The term "connector" is used
in the clains belowto refer generically to any and all nethodol ogi es of
connecting one el enent (such as a flip-chip or the Iike) to another

el ement (such as a card or the Iike). 5 The invention has been described in-

terns of electrical signals and traces suitable for transmtting them but
has applicability in other technol ogies, such as optical interconnect,
n1§romave transm ssion, and so forth. The card has been described in terns.
of"a multi-layer board having sandw ched structural | ayers and trace

| ayers, but the reader should understand that the invention has
applicability in other technol ogies, such as those to in which thereis no
structural stiffness required and thus no structural |ayers as such, or
such as those in which interconnects are not referred to as "traces" per
se, so long as there are nultiple |ayers of transn155|on signal wres,
lines, traces, fibers, or the like and the




requi renment of using nmultiple such layers in order to increase the signal
breakout count or density. However, the term"trace" wll be used in the
claims to generically refer to any t5 and all such means. These Jand0o8y2005
poi nts of invention will be understood by the skilled _reader upon.
thoughtful consi derati on of this patent. Reference in to "upper" or
"outernost" or "top" or "buried" or the |ike should not be interpreted as
reqU|r|ng any particul ar absolute orient@hipgn of the apparatus. Reference
"breakout |ength" should not be interpreted as necessarily requiring 20
that t he rywasis Blafmideriyd as be beyond the physical edges of the flip-chip
die, but only that they be beyond the bunp area of the flip- chip diein
their vicinity, I ‘sone
enbodi nents, " of R%&Pﬁie]éffe n%caé& %@ﬁ’%%ﬁg%ﬂ%s Qt%ﬁg‘:tgg&%q%e% %igf %eat ur e,
structure, ,or c cteristic described nnect i W th the enbodi nents
s i el udSIPTRY 2F chig SoRnecisig ispased Rty rowa@négaﬁ%égwﬁteﬁpa
'errbodl ments, of the invention. The various appearances "an enbodi rrent
"one enbo@f Arlies, wherein sahesplindotil plorality ofihe spiotes insbusles M2 firstd/O mgmﬂer ring
to the same enbodinents. If the specification states a conponent, feature,
st ruct ur ecomrecohadigoset ind¥ bf thenays and MBI gbdond 14D sighdlotliccluts dispdsedad, t hat
particul ar - conponent, feature, structure, or 30 characteristic is not

; jq uired MofiBe kg, WitBkin the N RvsSREGEIAE fic M '?'o\% thé ﬂt'efﬂoﬂ%f)ﬁlpﬁsnh "a’ or

n" el ement, that does not mean there is only one of the e t. If the

f t / USQ2/ 02836 cl f
M R e C%%Bﬁat SR Fe R i o han
one of th add|t|8naI el ement. Those skilled in the art having,the benefit
of this o‘t@e%é grond gienpl top+ Baving 2snaging substanjially seinciding with 8 sracingdh t he

f oregoi ng descri pt| on and drawi ngs nmay be made within 5 the scope of the
pr esent |th©aﬂtl16§)ri‘esﬂenmcondﬁolsmamnumtom, not limted to the details

forming in a second layer of the package overlying the first layer, for each second
signal trace of each spline, a first via and a second via through the second layer and
coupled to the second signal trace, the first vias having a spacing substantially coinciding
with a spacing of the splines’ respective second /O signal connectors; and
) forming in a third layer of the package overlying the second layer, for each spline, N
first signal traces, the splines” first signal traces having a spacing substantially coinciding
with a spacing of the splines’ respective first I/O signal cotmectors;
wherein the second vias and the first signal traces extend beyond a perimeter of the
semiconductor device.
2. The method of claim 1 further comprising:
forming in the third layer, for each spline, M first signal traces each coupled to a
respective one of the spline’s second vias.

3. The method of claim 1 wherein;




descri bed above. Rather, it is the follow ng clains including any
anendnents thereto that define the, scope of the invention. S 12/08/2005
Clains What is clained is: 1. A nethod of fabricating a package If2f08/2005
sem conduct or device having a plurality of chip connectors disposed in a
plurality of rows and having a repeated pattern of splines, wherein each
spline of a plurality of the splines includes N 2 first UO signal
connectors %{ﬁosed in I%\g the rows and Mzl second 1/0 signal connectors
di sposed in BF 20q-econsNgas GTaReISe FIPRHVIRF-  ows are outside the Mrows, the
met hod conprising: formng in a-first |ayer of the package, far each
spline, M secodd @W&Odmga@ég,l Wh?éelﬂasfﬂlﬁffbﬁh%ee@@rfpﬂmgg‘hﬁ“fﬁ s having a
spaci ng substantially coinciding with a spacing of the splines' respective
second |/ @asésgnethercompeistsor s; forming in a second | ayer of the package
overlying the first |ayer, for each second signal trace of each spline, a
first via a@&tﬁg&ﬁ@mwi%alﬂﬁ&ugﬁ ah B@ted §ia6 Bflthle ki’ SNTkecoivibed to the
second signal trace, the first vias having a spacing substantially
coinciding w j [ ! el . jjgnal
connect ors; ang'hr%rl?lngﬁg& ?g‘ﬂg{“tl Epﬁlgﬁﬁgﬁf&gﬁl l’;'Itﬂ E}%’ g‘%ﬂ‘%‘@ggﬁwﬂ %ﬁ‘? he
second | ayer, .far Clh spline, N .first signal traces, the splines' first
s i e Ty

signal tr < eﬁ@"‘gﬁ'ﬁief:anti ally coinciding with a spacing of
{-Ljue splines' respective first 1/0 signal connectors; wherein the second
‘W as and t heouting ghe Misgernd signatisaces sutstatiplly bengath thefirstaignal cgpnaciass.
-sem conduct or device. 2. The nmethod of claim1l further conprising: formng
in the third |@ykhemdthod efxidimshbivherein: M first signal traces each coupled to
a respective one of the spline's second vias. 3. The nmethod of claim1
wherei n: 9 the forming the second vias of the respective splines comprises disposing the second
vias in a substantially arced pattern; and
the forming M second signal traces of the respective splines comprises forming the
respective splines‘ M second signal traces with a substantially equal length.
7. The method of claim 6 wherein M 22 and wherein the method further
comprises, for each spline:
) the forming the second vias comprises disposing the second vias in M rows.
8. The method of claim 7 wherein the semiconductor device’s connectors are
disposed in a substantially rectilinear pattern, the method further comprising, for each
spline:
the forming the second vias further comprises forming the second vias in substantial

alignment with the rectilinear pattern.

9. The method of claim 1 wherein N=3 and wherein, for each spline:

10




12/ 08/ 2005 the first and second vias conprise mcro-vias. 4. The method of
claiml wherein, for each spline, the formng N first signal traces
further conprlses routing the N first signal traces on an outerlZ/08/Q005
the spline's Msecond vias. 5. The nethod of claim1 wherein, for each
spline, the form ng Msecond signal traces in the first |ayer further
conprises: routing the M second signal traces substantial |y beneath the

first o1 9nalucanRgR! 06 & orsPrigr ol ek Qb Myl ofiendor i ng. ¢ he

second vi as edpective I Nes corrpr ses di sposi ng tcne second Vi as
I n a substantj aII arce atter he formn second Si aI aces of
the respeél %@gp%dﬁﬂPpgggﬂlFﬁﬁfshﬂg?ﬂéome& §15 4 an,jnp %‘E& second
signal traces W|th a substantially equal length. 7. The nethod of claim®6
wher ei n Mg ro¥erein the method further conprises, for each spline: the
form ng the second vias conprises disposing the second vias in Mrows. 8.
The met hod of dDallmmethbdofelaint hevherein the semictnducthe dieviet furttenhascit toast ar e

di sposed in a substantially rectilinear pattern, the nmethod further

conpri si Ngne g@uné ddthectePisp@ed i gloRhdid@white iS RN tho/N 25w, Uhid fefhog onpr i ses
form ng the second vias in substantial alignment with the rectilinear

pattern. g(ﬂﬁﬁ.?gﬁogg] of claiml wherein N=3 and wherein, for each spline:
10 12/ 08/ 2005 t ormng the N first signal traces further conprises

LTS, & TS B s LS REh, G oBRME ot o ech (e !
met hod of ex%«!:n%lmg beh\gge?lrae;egpe[cgse Isaernz)tca%]ad:grcttsg]rmgsegtlldce further has at | east
forming in the second layer of the package, for each of the ground plane fingers, a via
coupled to the ground plane finger and positioned to couple to the ground connector.
11. An apparatus comprising;
a structural layer having an upper interconnect layer overlying e side thereof and a
lower interconnect layer overlying an opposing side thereof:
a plurality of signal connectors formed in the upper interconnect layer and arranged to
) couple with a plurality of leads of a die, a number of the signal connectors comprising a
spline, each signal connector of the spline located adjacent to at Ieast one other signal
connector of the spline;
a first row of riser vias and a second row of riser vias formed in the structural layer,
- each riser via of the first and second rows located ontward of the plurality of signal
connectors, a riser via of the first row and an adjacent riser via of the second row
comprising a riser group associated with the spline;
a number of other vias formed in the structural layer, each of the other vias located in

a region underlying the plurality of signal connectors;

11




one ground connector disposed in a ground row which is inside the N rows,
the method further conprising: forming in the first |ayer of the package,
a plurality of ground plane fingers each extending between a rgspeg8i/eD0s
pair of adjacent splines; and forming in the second | ayer of the package,
for each of the ground plane fingers, a via coupled to the ground pl ane
‘finger and positioned to couple to the ground connector. 11. An apparatus

conprising: a structural |la hawv.i an _upper intercon t verlying
a side ther Mﬂo Sigt %?ééﬁr?ﬁ%%éﬂﬁ%e‘&pef Pé@”ﬂ%céﬁ?yﬂ’ﬁﬁgtndlot%%géﬂegg si de
thereof; a plurality of signal connectors forned in the g&)er. i ntfrconnect

| ayer and infeicamrpetiayer signglsaces apupledawith a finstisigpal sonpesiorof dge spligp and a  nnper
of the signal connectors conprising a spline, each signal connector of the
spl i ne | osetosd ofiticappertintercoanedt st signed tracdsepupledwith a scomdeignst of t he
spline; a first rowof riser vias and a second row of riser vias fornmed in

the structetimbtol 8FfE splirqete firkts@l s¥doad @ppérittefdonfidet Riger sigdidcgsows | ocat ed
outward of the plurality of signal connectors, a riser via of the first

row and agyqgh Eﬁkvafd'l Vﬁl@sﬂln (8 beGrRA thd SFRAd 3 aRcthy ddjReht 9" OUP
associ at egxwltﬁgt e spflﬁ{r?gl; a ur?ber of ot herr?g\%%[g’sﬂfafcl)rrred iﬁ’td%e
structural. Ira er. ed'ich of the other vias |ocated in a region underlying

t he pl ur al T EF OF> gnal connectors; 11 12/08/ 2005 a nunber of signal traces

.formed in the upper. |nterconnect |ayer, a _first of the er... interconnect
ayer si gnaf MWRaeS siegaliraces formad i F.l%werémﬁwapn%}?ar%ﬁﬁ?ﬁ&f thed@Weh| i ne and
a- "second of the upper interconnect |ayer signal traces coupled with a

" second siigteatonned hayet signaldfaceswouplsiibye, firsid the other dadwitle s thind signeér

i nterconnect |ayer signal traces extending outwardly fromthe spline and
bet ween tdeanédiGraif thy $lipe andlfidthe splddywittth fifse fiker vid 6fthe Bik@ppoupad a nunber

of signal traces forned in the |ower interconnect |ayer, a first of the
| ower second of the lower interconnect layer signal traces coupled by a second of the other vias
with a fourth signal connector of the spline and further coupled with a second riser via of
the riser group; |
wherein the first and second riser vias of the riser group routc the first and second
lower interconnect layer signal traces to the upper interconnect layer, and wherein a third
‘ )  and fourth of the upper interconnect layer signal traces are coupled with the first and
second riser vias, respectively, and extend outwardly from the riser group and adjacent to
the first and second upper interconnect layer signal traces.
12. The apparatus of claim 11, wherein the first row of riser vias and the second
row of riser vias are arranged in an arced formation.
13. The apparatus of claim 11, wherein a fifth of the upper interconnect layer
signal traces is coupled with a fifth sjgnal connector of the spline, the fifth upper

interconnect layer signal trace extending outwardly from the spline and between the riser

group and the directly adjacent riser group.

12




i nterconnect | ayer signal traces coupled by a first of the other vias with
a third signal connector of the spline and further coupled with a first
riser via of the riser group, a second of the |ower interconned2/@8#£2005
signal traces coupled by a second of the other vias wth a fourth signal
connector of the spline and further coupled wth a second riser via of- the
riser group; wherein the first and second riser vias of the riser group

route the first a@ﬂ | [yl : %F%h ' Leeord 0 the
upper inter conrllgb %@g@ﬂgéﬁaﬁaﬁé}b‘%&%&%ﬁﬁ%m%ﬁ g%lr)?ﬂg%afl tlﬁfec ufoper

i nterconnect layer signal traces are coupled wth the first and second
riser vi a??m}eéé%ﬁﬁw j Jyterconpect y&ﬁ@”&?ﬂ%?&?&“f’&‘fﬁ#% ri ser group and
adjacent to the first and second upper interconnect_ | ayer_si ggnal_ traces.

12. The appar ad$sThsapparatumof elaimyh by wheseinigacks ofithe piulity,ef ley ¢& and the
second row of riser vias are arranged in an arced formation. 13. The
appar at uscafiprisea iz gordictiviburep,reach 6f the plupdlity bEsigpg eonnactoss fomed ot theayer
signal traces is coupled with a fifth signal connector of the spline, the

fifth Upp?ﬁper iriére6RBIadr th 8vifile WithdaL of the eBndiicti GNBUME 1ads veheldie. f rom t he
spline and between the riser "group and the directly adjacent riser group.

12 12/08/ 2005 : I .swherein each of the plurality
i‘e‘lThlgﬁp 613&1?5%1 ﬁi fﬁtlﬂ?ér@b&n?)ﬂfdg?

of signal connector or e e upper connect | ayer conprises a
, conductive bunp.,15. The ratus .of claim1l, whereipn .each of.the
ofurali ty of ErBageap el Bl ok Ronbuler laghn thasroR s Deleivkdy ¢ ne
plurality of si?nal connectors forned in the upper interconnect |ayer to
coupl e winbshel Brgersie conductive bunp | eads of the die. 16. The apparatus
of claim1l, further conprising: a ground plane forned in the | ower
i nt er connecwhdreinene of the offreo vizd colipd eronierndthedfimgprawith undef the plurilitgef s
- wherein one of the other vias couples one of the fingers with one of the
-pl ural i t igkl connediars ik RPPEhErdoAntdigay¢PPer | nterconnect |ayer.
17. An apparatus comprising:
a top trace layer overlying an upper surface of a structural layer;
a buried trace layer overlying a surface of another structural layer;
a plurality of signal cormectors formed in the top trace layer and arranged to couple

) with a plurality of leads of a die, a number of the signal connectors comprising a spline,

each signal connector of the spline located adjacent to at least one other signal connector

of the spline;

a first row of riser vias and a second row of riser vias formed in the structural layer,

each riser via of the first and second rows located outward of the plurality of signal

connectors, a riser via of the first row and an adjacent riser via of the second row

comprising a riser group associated with the spline;

a number of other vias formed in the structural layer, each of the other vias located in

a region underlying the plurality of signal connectors;

13




17. An apparatus conprising: a top trace |ayer overlying an upper surface
of a structural layer, a buried trace |ayer overlying a surface of another
structural layer; a plurality of signal connectors formed in thd 2008y 2400k
| ayer and arranged to couple wth a plurality of |eads of a die, a nunber
of the signal connectors conprising a spline, each signal connector of the
spline | ocated adjacent to at | east one other signal connector of the
sptine; a fi [ ' f ekl | ormed in
the str uot ur i B Qbodl 6L Ahf B Bp LGRS A ofbe3Eh el M) Coat od
outward of .th | ural it I gnal . connectaQrs, riser via,of.the first
o and arieHl ok eIty p Bl SRR ot Eb T sRE B PEEE ot oup
associated with the spline; a nunber of other vias fornmed jn the structural
| ayer, eadtfoplayersensd frapesepupled withwasgcand signal enginenfor ¢fdhe shmsghe HEtpndiral ity
of signal connectors; 13 12/08/2005 a nunber of signal traces formed in the
t op trace skepdriop tadeilaydt siphalttheees experdingpeitivandly fromithmspling aad betweenutbeed wi t h
a first signal connector of the spline and a second of the top trace |ayer

si gnal tragasgrsqumdaﬁdmcupaajamﬁ@@}gb@jahdconnect or of the spline, the
first and second top trace |ayer signal traces extending outwardly from

the spline gnpgn fed : . L | lSer
aroup, and & TuitEhUEhal ffces (el 19U R ok Bk Bt pRBk IR el
first of the buried trac a si.gnal, traces coupl.ed by a first.pof the
o)t her vi afsay% ?Wlaéﬁf'?ﬁsr‘:ﬂ“@%h&g%rﬁ%ﬁﬁg’&%l?eré’fast“ﬂgla@‘%ﬂis a ‘?ﬂﬁmf"ﬁ?’i?féﬁe coupl ed
with a first riser via of the riser group, a second of the buried _trace

| ayer si gftimeapdfuthereanpladgvigya first dsesrida of the Fisergrow, aspeond gl the turiedur t h
signal connector of the spline and further coupled with a second riser of
't he ri sertrapedaysr sighdrisices ¢dupletibryst seaorll ofdivootter visewith b dsurtf sigded ri ser group
route the first and second |ower interconnect |ayer signal traces to the

upper i nt@nacneestthé Silie and Rgtheheduldd With D bdcdnd fet Jreny fider @fouphe top trace
| ayer signal traces are coupled with the first and second riser

wherein the first and second riser vias of the riser group route the first and second

lower interconnect layer signal traces to the upper interconnect layer, and wherein a third
and fourth of the top trace layer signal traces are coupled with the first and second riser
vias, respectively, and extend outwardly from the riser group and adjacent to the first and
- ) | second top trace layer signal traces.

18. The apparatus of claim 17, wherein the buried trace layer éverlies a lower
surface of the structural layer.

19. The apparatus of claim 17, wherein the first row of riser vias and the second
oW of riser vias are arranged in an arced formation.

20. The apparatus of claim 17, wherein a fifth of the top trace layer signal traces is
coupled with a fifth signal connector of the spline, the fifth top trace layer signal trace
u@ﬁng outwardly from the spline and between the riser group and the directly adjacent

riser group.
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vias, respectively, and extend outwardly fromthe riser group and adjacent
to the first and second top trace |ayer signal traces. 18. The apparatus
of claim 17, wherein the buried trace | ayer overlies a |lower sWrZA88/3005
the structural layer. 19. The apparatus of claim 17, wherein the first row
of riser vias and the second row of riser vias are arranged in an arced
formation. 20. The apparatus of claim 17, wherein a fifth of the top trace

| ayer signal t??_ﬁ'ﬁfeodgﬁmﬁemkﬁﬂn%}@h&eif.iezéﬁbﬁhag%alﬁpaﬁﬁgﬂa%o&fectbﬁe

spline, the fi trace | ayer signal trace endi ng - outwardly from
the splin nd.bet ween the riser .grou n directly adjacent riser
group. 14?@%@%3%g'iqeqzmeécérﬁgggegtaﬁgn«gqc%g%g 17, wherein each of the
plurality of signal connectqgrs, formed. n the top trace. layer copprises a
bonduct i ve burps: Hie apuHaia ghalaise 0 WHerein ach of the ey wf lesof o dife
plurality of |eads of the die conprises a conductive bunp, each of the

pl ur al i t yceriprsegagpndustineburop.satioohtbe plurality of sigpal connectors ¢d ingbe thpp| e

wi th one of the conductive bunp | eads of the die. 23. The apparatus of

cl ai m 17, trheerlayeeto coupds with oge ofthg candndtivl tamep feads@tihe diet he buried trace

| ayer, the ground plane including a nunber of fingers; wherein one of the

other vias coupd qhe@pfarBtus bf\@aibd M FirthetodipR@gg:0f the plurality of signal
connectors in the top trace layer. 24. An apparatus conprising: a die

Phyer havi risEubd faflc 88 T Ble MR falasbo it ofifg bie ARl fe P b,
1 ower i n?ﬁré%nnect | ayer overlying an opposing side thereof; a plurality of
c

si gnal t8rs formed in the upper interconnect |ayer, each of the

signal connectors coupled with a correspondi ng one of the |eads of the die,
a nunber ofwherein one of the other vias couples one of the fingers with one of the plurality of

signal connectors in the top trace layer.
24. An apparatus comprising;
a die having a plurality of lea(=is disposed on a surface thereof;
a structural layer having an upper interconnect layer overlying a side thereof and a
lower interconnect layer overlying an opposing side thereof;

) | a plurality of signal connectors formed in the upper interconnect layer, each of the
signal connectors coupled with a corresponding one of the leads of the die, a number of
the signal connectors comprising a spline, each signal connector of the spline located
adjacent to at least one other signal connector of the spline;

a first row of riser vias and a second row of riser vias formed in the structural layer,
each riser via of the first and second rows located outward of the plurality of signal
connectors, a riser via of the ﬁrst: row and an adjacent riser via of the second row

comprising a riser group associated with the spline;
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t he signal connectors conprising a spline, each signal connector of the
spline |located adjacent to at |east one other signal connector of the
spline; a first row of riser vias and a second row of riser viadZ008¢2006
the structural |ayer, each riser via of the first and second rows | ocated
outward of the plurality of signal connectors, a riser via of the first
row and an adjacent riser via of the second row conprising a riser group
associated with the.spline; .15 12/08/.2005 nunmbe - Vi med in
he st ruct urdume) B SReL IR imediE i HERN T DaMch ofthe Ml sk e 2V | 1
-the plurality of signal_ connectors; a nunber of signal traces forned in the
upper i nt @fegiomuederiyigdhe phuslity of signal copnegi9s%r i nt er connect | ayer signa
traces coupled with a first signal connector of the spline and a second of
t he upper i pumbenobsignal trpess fonpddin theruppesinteoenineet lagier.la frstaddlemeppst gnal
connector of the spline, the first and second upper interconnect |ayer
signal tr agesonmxst kpes deB cslipled with it stpnhl ddvaneotat dftiespline tinkar i ser
group and a directly adjacent riser group; and a nunber of signal traces

formed i nsdd3gq bOR uph @ iRlARRNGE laybesiSlal trodsichiple® ithRSebdiiRignal Nt er connect
layer signal traces coupled by a"first of the other vias with a third

signal ¢ 0 f e |4 n e e LLSst riser via
of the rigée]]r%ét%’f)é{)@egg Lﬂlseé%gr%g %flgtg %é)w%b\éar wt%{%'éfﬂ%%ﬁ%&l{ﬁ%é?&gi gnal traces
. coupl ed by a second o he ot her vi with a fourth sjgnal connector of
the spl i nEcteing Htpagily & Pitne end hetaeen the Tiseegioup pad Elireotiyadzegy, gr oup;
wherein the first and second riser vias of the riser group route the first
and seconidser gmer atidnt er connect | ayer signal traces to the upper

i nterconnect |l ayer, and wherein a third and fourth of the upper

i nt er connecd ndmyaof siggalatacty Rerasd hrthe towep istercshnidat laker, 4 ifiess bf thedowarecond
-riser vias, respectively, and extend outwardly fromthe riser group and

adj acent iﬁﬁrcoﬁﬂ@ctfl%feﬁigﬁ‘ﬂ@rag@s%ﬁ ed'B %rﬁrﬁfﬂﬁﬁ&&ﬁaﬁﬁ&x’vﬁﬁﬂﬁﬁ al traces.
f clfFaim

25. The apparat us 4, erefn the first row of riser vias and the

second connector of the spline and further coupled with a first riser via of the riser group, a
second of the lower interconmect layer signal traces coupled by a second of the other vias
with a fourth signal connector of the spline and further coupled with a second riser via of
the riser group;

) wherein the first and second riser vias of the riser group route the first and second

lower interconnect layer signal traces to the upper interconnect layer, and wherein a third
and fourth of the upper interconnect layer signal traces are coupled with the first and
second riser vias, respectively, and extend outwardly from the riser group and adjacent to
the first and second upper interconnect layer signal traces.
25. The apparatus of claim 24, wherein the first row of riser vias and the second
row of riser vias are arranged in an arced formation.
26. The apparatus of claim 24, wherein a fifth of the upper interconnect layer

signal traces is coupled with a fifth signal connector of the spline, the fifth upper
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row of riser vias are arranged in an arced formation. 26. The apparatus of
claim24, wherein a fifth of the upper interconnect |ayer signal traces is
coupled with a fifth signal connector of the spline, the fifth Q@pe812005
12/ 08/ 2005 interconnect |ayer signal trace extending outwardly fromthe
spl'ine and between the riser group and the directly adjacent riser group.
'27. The apparatus of claim 24, wherein each of the plurality of signal

connectors  formed in the upper interconnect. | ayer conpri,ses a.conductive
bunp, t he TEBRORIEE! 194 SIERRHTASG HIcBAIg OV arsly T3 MESHINRATPDRET BRS¢ e
die. 28. The apparatus of claim 24, wherein each of the plurality of |eads
of the di groupensghestieccdy adjarpntrisof & BWnp, the conductive bunp coupled with a
correspondi ng one of the plurality of signal connectors fornmed in the

upper i nt er con2ecThelapysrutus 8Bclaiiin24, aphpa¢iateach afftheplagatity?el signat cérmectors
conprising: a ground plane fornmed in the |ower interconnect |ayer, the

ground pl ffied Bfihe bppd iftercORTERETay 8t compHes $condiiRitun) theonlitiivet her Vi as
coupl es one of the Tingers with one of the plurality of si gnhal connectors

in the um%k%?émpﬂ&tm@%%%%iﬂggge APRATAL us conprising: a die having

a plurality eads di spos urtface thereof; a top trace |ayer
overlying an surface of .a ryctural .| ayer; a.burd.ed trace.|l ayer
overlying a S%i@ga@u%ﬁ%?ﬁé@@tf,ﬁpw%wcp e;ﬁllérabgrlﬂfé?q%ﬁyfﬁ*e dé?gnal
?onnect ors formed in the top trace |ayer, each of the signal _connegt ors
-¢oupl ed WomprEecheadyetbiediupmp, Biecopduative bpmpgeupled Wib agogespe obf the
signal connectors conprising a spline, each signal connector of the spline

| ocat ed thelplacaity of sigied coremstorsaioemed incthe sppen étercameeciaper. of t he spline; a
first row of riser vias and a second row of riser vias fornmed in the

structural | ayer The pafatis TRIaimi2A, AlrthehSorhprisidg: and second rows | ocat ed
out war d Qf the plurality of si gnaf
a ground plane formed in the lower interconnect layer, the ground plane including a
number of fingers;
wherein one of the other vias couples one of the fingers with one of the plurality of
signal connectors in the upper interconnect layer.
30. An apparatus comprising:
_) a die having a plurality of leads disposed on a surface thereof;
| a top trace layer overlying an upper surface of a structural layer,;
a buried trace layer overlying a surface of another structural layer;
a plurality of signal connectors formed in the top trace layer, each of the signal
connectors coupled with a corresponding one of the leads of the die, a number of the
| signal connectors comprising a spline, each signal connector of the spline located
adjacent to at least one other sigﬂal connector of the spline;

a first row of riser vias and a second row of riser vias formed in the structural layer,

each riser via of the first and second rows located outward of the plurality of signal

17




17 12/ 08/ 2005 connectors, a riser via of the first row and an adj acent
riser via of the second row conprising a riser group associated wth the
spline; a nunber of other vias fornmed in the structural |ayer, dahQey 2005
other vias located in a region underlying the plurality of signal
connectors; a nunber of signal traces forned in the top trace layer, a
first of the top trace |layer signal traces coupled with a first signal
connector of the spline and a second of the top trace |layer signal traces
coupl ed wicbhnetms eaisdr v gfitie fustrmwcandran afljacent risgr vimef the second re%  and  second
top trace |ayer signal traces extending outwardly fromthe spline and

bet ween t hempfikisgh rdé0buPidodatdd methithy spiieacent riser group; and a nunber
of signal traces formed in the buried trace layer, a first of the buried

trace |ayer, 5@Rabs th 3 tﬁaﬂﬂ Ahd¥nRudrhl8fer Qach BEMHRIARE vids Ascaibhilim a

third signal connector he spline and further coupled with a first
riser via Qf .the riser .gr .a second of the buried trace |ayer signal
traces coﬁﬂ?%ﬂ"%@c{eéﬁ? é@%@u“gq’hqﬂgm #&mfF%?’mth a fourth signal
connector of the spline and further coupled with second rjser, of the
riser gr oup?'\‘ﬂﬁ’gﬁ {rfl&qqla"i“ieﬁ g‘i’mﬁgdn QE&B]EHW% layst, %ﬁﬁ%ogﬁwtt%“?q%@fergr oup
route the first and second |ower interconnect |ayer signal traces to the
-upper i nt sigoditracestconpled witheanGirsivi gnal iconnecton of the splirp gnguar seromst ofithetopop trace
4, Dayer signal traces are coupled with the first and second riser vias,
~Fespect i vieho, layendigaxitieites eotipledrwily a Eécond biggal fcbsssctoyiof (e splide,akl fuseatd t o t he
first and second top trace |layer signal traces. 31. The apparatus of claim

30, wher eéeeoﬁmp%g% ﬁgleﬁsigfafnh@aé%&teﬁe@gbpﬁ&ragﬂb\f@fhes ihd AfPchedniiBe

structural [ayer. . ~The  apparatus of "claim 30, wherein the first row of
riser vi n h .ow of_riser vias are arranged in an arced :
formati oﬁ%sefﬁféﬂg%;%g‘ggﬂimfﬁgn%ﬁ5??3’(% of claim30, wherein a fifth of
the top trace |ayer, signal traces,i

P a numhe)ll' of signa% traces ormec? in 1%6 buried trace layer, a first of the buried trace

lﬁyer signal traces coupled by a first of the other vias with a third signal connector of the
spline and further coupled with a first riser via of the riser group, a second of the buried
trace layer signal traces coupled by a second of the other vias with a fourth signal
connector of the spline and further coupled with a second riser of the riser group;

5 }  wherein the first and second riser vias of the riser group route the first and second
lower interconnect layer signal traces to the upper interconnect layer, and wherein a third
and fourth of the top trace layer signal traces are coupled with the first and second riser

- vias, respectively, and exiend outwardly from the riser group and adjacent to the first and
| second top trace layer signal traces.
31. The apparatus of claim 30, wherein the buried trace layer overlies a lower
surface of the structural layer.
32. The apparatus of claim 30, wherein the first row of riser vias and the second

row of riser vias are arranged in an arced formation.
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coupled with a fifth signal connector of the spline, the fifth top trace

| ayer signal trace extending outwardly fromthe spline and between the
riser group and the directly adjacent riser group. 34. The appdraf@8/@&005
claim 30, wherein each of the plurality of signal connectors fornmed in the
top trace | ayer conprises a conductive bunp, the conductive bunp coupl ed
with the corresponding one |ead of the die. 35. The apparatus of claim 30,
wherein each of the plurality of |eads of the die conprises a conductive
bunp, the condaatTheapparamsodehindOywhéreia adtftlr efsho tupi trage dayer gignal {ipess 1s
plurality of signal connectors fornmed in the top trace |layer. 36. The

appar at us cehpléed witha3ith digtal berinecion®f the kpline, the Gifthutop trptclaperfsignalitacen t he
buried trace | ayer, the ground plane including a nunber of fingers;

wher el n Oggtfgﬂéigg BtwRlkdi§ ronl 82 sERMPIADRRRN Ae hdee gilfduﬂgﬁa %tie\édifebﬂjaﬁklja&ht the

plurality gnal cOnnectors in the top trace | ayer.

riser group.

34. The apparatus of claim 30, wherein each of the plurality of signal connectors
formed in the top trace layer comprises a conductive bump, the conductive bump coupled
: } with the corresponding one lead of the die.

35. The apparatus of claim 30, wherein each of the plurality of leads of the die
comprises a conductive bump, the conductive bump coupled with a corresponding one of
the plurality of signal connectors formed in the top trace layer.

36. The apparatus of claim 30, further comprising:

a ground plane formed in the buried trace layer, the ground plane including a number
of fingers;

wherein one of the other vias couples one of the fingers with one of the plurality of

S

signal connectors in the top frace layer.'
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