;ede {, x(()*@fR 6, T,Or ; WO 02/067325 PCT/ US02/ 02836 HI G+ DENSI TY e ,/v
FLI P- CH P | NTERCONNECT Background of the Invention Technical Field of the ¥ .
| nvent i oowodhvesBeEsent invention relates generally to inteCaaszoisse
technol ogy for routing signals through a nulti-Ilayer board, and is
especially useful with flip-chip packagi ng. Background Art FIG 1
illustrates, in cross-section, a notherboard coupl ed, such as by sol der

bal I's, to an interposcHIGH-RENST FhdP G INEFERCGONNECTr ef erred to as a

"card". The card is coupled, such as by sol der bunps, to a chip such as a
flip-chip die, and illustrates one exenplary 1o enbodi nent ers of
such, according to the prior Batkgrbwnd bfthie Iiveatiomt ed exarrpl?”ﬂm EQIJ Emm’ as

‘five | ayers of tructLtr.a]I terial (board layers A-F), and

traces or int ermmuﬁﬁ%s 3F, 2F, 1FC, IBC, 2B, and*®@®z while
a sinplified nothepleQar fvintios ROWES deasthilotoGmbdoiRe: tédhhdlefk o koutiay er

*(not her board) and one trace or interconnect layer (mib trace |ayer). The
reader wi | Piga@ptheeushtaanultidayer boped, prd ip psngeiplowseik with flip-dvip packagingy pi cal | v,
the uppernmost one or two interconnect |ayers, such as trace |layer 3F and
trace layer 2F, are used for routing of |arge nunbers of input/output (1/0
si gnal s, menor yBs¢lgrmind Aricl ocks, strobes, voltage references, and the |ike
(hereinafter co t.ively referred.to as "I/O signals” for sinpligity in
expl anati on andk:hgﬁ ‘h‘g‘f%iﬂ%? Ty gropsT sr?‘ftfoé'tf’g‘r?}h,erl?}i’/ﬁfdlcﬁélﬁé SHBEPY Is%{g%rbélﬁ%lre used
for provi didigh n@WRIser @ bEhePdibstEald, Bérdinafer reflled ©0Qs b Hdafd”. Bhadhad § cafifled0 routed
bet ween trace layers using vias. Power and ground FI anes nmay sujtably be

routed or &wlAsdY sydenburirs. deip sl sich ag g dlinschi Higgangrilpstratgs Qnesxempisiiever |
drill ed,vi JFSik a ' I ' ing

si gnal gobemgﬁx}eﬁi up|olg>§3 rsl[(ggléérhé Ecgleﬁigr%ﬁg?’ e?;g)g?&gﬁéﬁcgﬁpﬁsﬁgﬁd F%n%ﬁgyhﬁseg

m cr o- vi as cfrfd has fied laydns effstrnetyrabmatboal feshrdlpyas A napdoix layees dfittacesair a nuch

smal l er scale than drillin I rm 25 Pl ease cont.inhye t K
ref erence t“lﬁcrﬁ?’ﬁeai?tﬁ‘f? Laé'ag 8@% ﬂ%ﬁﬁgﬁakﬁdﬂa 3(1#)’ @HE& Sﬁgrflétn _m%ﬁ%&?aﬂf
i1 1'ustrat ess shiotnth@¥ny bifWonestrueRIMl&T(shottRtHobrdy ardf onS wéde &tiigBRbmedccor ding to
the prior art. For ease in reading FIG 2, the various |ayers of the

mot her boar RYBHAVE 4reE layes). has reades Wil anpriciatebatghis ds by way f exdeploenlype
flip-chiip die i .

PCT/ USQE/ 02836 gﬁ} ?ﬁﬁ‘%hg“%#e“ﬁ%%%’? ‘%gwgﬁ)%e’g&é‘ ¢ réil%{sg%"g%?%é%ﬁ Sl die
and/ or t he trecr ldyérAF sarpageti dormoutidgoé lagde ruirdsrs of inppiowpue (fQ) sigratsy siemgryl / O

00 G ARRARES e B AR R GRS e T e

ot her boar ds “Ibygnals’t for SimgRéiyriRbkRartation Mdidt bjaseoingndbs), whilitet he
general |y outer bunps (chh as . those | abel ed, 14 and %GL of .the flip-chip
die, and t dPWRDERSIGERE oL PrayIdingRVeR SHiad, Diftdng and e dke. ISIBRISGHF 12) f or
pover apd G5RsSkwddn ROTRydM SRR PéWerQhd Biodihd Blagkl a{ag GOy BBLieg 8t | ONS,
the 1/ O signal count and/or the 1/O bunp density may be such that it is
difficult eeunledhetuednladiagent lagers wsing drillstl viaseHoweves idyjed Wasonay aftenbg e nost

trace | ayen, 3Fto bler}ui%all!)?ehii'o?@sglilg oghi}égﬁg%als;%%eegft%et%gexj lL)grﬁSLrgt??tlc sea&gei/ ~0 routed

s

on the upperr%%st t'race Tayer an thers at ed solid

| i nes ext englitgisfts asniib@ivias(geips) ethichandybefoinedtbly etching octhe dilte atrarhuch

i ndi cation), whi Ig Bth r..l/ O signal,s are routed fromtheir respective bunps
down t hr ougMaterseae g "'(hﬁ%i”_oglﬂg\m‘j“'to a lower trace layer such as trace

| ayer 2k, outwapfaledoftihREfbR et 116, dasbiholt WhedemainderRpitgs cal

di rensions permt, then back up through a mcro-via (such as 18) to the ~ s
upper nost atgae | ayer, and fromthere to their destinations. The signals
which are carri LS ey d Qlifie bF LS LibaliS S aghed |ines
such as 20, and%g(?'??kl{?%{'gfeg’gn#@?o-’v?aﬁ r'gﬁaq%&rto Fheéltdoplg ayerC thr%f} are

i | ustrat edhdyyicsatti EbrleasedisresdingFKE 220 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

‘ (AT
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However, the prior art has limted ability to route | arge nunbers of
signals in high-density applications, and other limtations. 20 Bri ef
Descri pt ivoo oo6784%¢ Dr awi ngs The invention wi |l be under st @cd/usoz/e2sBal | y
fromthe detail ed description given below and fromthe acconpanyi ng

drawi ngs of enbodi ments of the invention which, however, should not be
taken to limt the invention to the}ﬁg&)emflc enbodl rrents descri bed, 25 but

are for eRlpralfafibemps hdagdistituted onithefliBship diggng/or thegaed ia a patern SG®E. sect i on,
a flip-c hbfpchéye%um?s §1‘étf§xtc!aﬁ=9i%g I/amignals m@a &b%éag@fd# camlwpc%%mm @bdnd ayers

shown, accordin riof art. shows an | nterconnect routing
syst em acggnat ?ﬁgplcfﬂlynhé o) signalsayitl be p‘(pr@pctgi oiedies chine(nehdownharihe of t he

etails ofoureoHbL A ?%*%P%?P&% P oY R inge b RORABE05) 03836

FI G 55 sh@wsh dsahidst Npeldeti diahd 16)of thadliptie diemidtto ase thégenenite nerdumps
particularly show n ége routing o(; signals between mcro-vial in a trace
| ayer ben@é\?}%?stﬂ‘f&etl?g?ﬁ Bsior pewEand BigWK: F1 G 6 shows routing details of

one embodi ment, Qhmb RnldaNGHlor ‘Hl'gh-s%ﬁﬁltdoﬁh{'aﬁﬁl'@étl&lfkome% di léo‘ah'ttdn%r of
signals in the uppernmost |ayer and a | ower | ayer shows one

enmbodi menthedO tumppdensitiyoaxbr suol thed itisdiffitdbordmpossihlaiy rowe althpishe HOent i on.

Det ai | ed e nt of the
ot or conndErrey ik SfbstRoths By A AERaRG AN CRREAET | P oot oo
t he | qgat ranfed@h tlﬁduppéimq:zt Eéﬁdep)a)dt @uch B 24 endaothera ilpistated byt splidtindsunps 30

di stributed n the area where the die and, card, Al ng substrate,

i nt erpose?x efl%ngt FheR d§sPeciiyf SEmp to\)g?ltBlﬁgc‘t]%u‘B?C@P‘)g’ge H&‘ ﬁ‘ﬁ%‘y y be

di stribut ﬁgndlékré’ﬂﬁltéarfr&ﬁ)ﬂ@lrrr@s?@@ltvé BﬁnMo%rtﬁl%ugkﬁﬂldrdlﬁta@(}ﬁ@sh@%n)atogﬁ oup of
bunps that repeats may be is terned a "spline' term"spline" may al so

be used t pweetrage laysr alcgra&)uwdayet Zﬁ@é%valdot@mdgcatlon af:beredre desigbiuestanén t her eof
correspon LN i ncl udes
ceven bunpl el dtulddtipeiiuf ey dEeiclerolfy ko Sl GleRds R D 00, U0
repeats |tqspehﬁos:t tradedayer aid ifbincthat testhéit destingtiops. iThe signdlhwhishy bre Sptriede N). For
ease inr ce, the ered rranged in rows,
with an o %‘?’ s"tpp?rBWS‘(lFW'\/aW)‘HE%ria‘i‘?gb-‘égasﬁ%‘glt“g’élsu ‘ﬂé%’ g &Tﬁbﬁm ie's edge,
and one OfidiRvRd IS toitRRBp 1dyerthey( S ERstRged BWold lildsQUaasoW G) each residing
sequentially closer to the Center or core of the flip-chip die. As

i |l ustrated, tH@W@fGthhﬁe@l%V hﬂﬂlmléﬁﬁl@bé%b@dpmiﬂlgc mimbetsrof sigardeinat  some poi nt
on the Chh@ﬁ dg&%géﬁmﬁ ﬁ olﬂ{}? %ut?tﬂ)q Spline N axe mrror images of each
e e

ot her. e sp ines mrror imge and | eave sone
non-spbi ne bunps between them '2s The card has one or nore rows of

m cro-vias (such as 30H an one or nore rows (such as row
H and row |). These nicro- %régjdaff“élﬁt'é’f'%?gﬁ}? H"188% / O signal s froma deep
| ayer to a IeS'Bhaiﬁ&mnbﬁml be Undeistdll inore fully sromthé dé@ﬂleﬁla@mlpm given

next -t o- upper nost %/er (2F) to the uppernost |ayer but the skilled
reader wi P¢loyapgd QE‘i“é RACHPPAYHE dmmﬂ?.%lﬂl@eoctwe@tﬁp%tlw H\Yé‘ﬁto%‘fli“c:&re not

necessari n only,
Tpcessar IMTAR MR kB R0R 84RO ABEAL IR AR GRG0

02/ 06'2325b\Ft@‘irdibS@zﬂmﬁaﬁamdmtamdmgaorrb)f the splines may have correspondi ng
groups of the lgIle t1 %ﬁcgws, 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 routing system of this invention.

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



*be of the sanme

‘| ayer,

m cro-vias. Each such group may be terned a "riser", such as Riser 1
through Riser N. The top layer traces and buried | ayer traces are

i |1 ustratwedop/os732sv0 splines and their associated risers, froT/Ei0apE3city in
illustration. The skilled reader will appreciate that any 5 nunber of the
splines may be coupled to their respective I/O signal destinations in this

manner. FIG 4 _illustrates one exenplary spacing of the bunps and
mi cro-vias in BGspishas rawngdetils phere emppdimept f thednyeatign Patichletly ppr eci at e
that this gl S . ﬁ%@ , I I | bt it t he
i nventi on?ﬁ@ﬂgé]{rhgé@gpgé\n a? ubret‘?"{’;l@’.grr1 ﬂﬁ%{%?@%ﬁ?g&dﬁl\ t‘3 @li)%nkzimsltt}%odtp Bé}gﬁ %ecessari ly
requi red tratlayef.or exanpl e, the bunps be circular, nor that the bunps all

| ze, nor that. the.m cro-yias of the sa i,ze as the
bumps, and so F@? RhowSfoutie J@F%%af i °§‘“1§H‘r9pq‘?‘2%‘%}%‘ﬁ‘“8%’ pﬁﬁEf?B]%%A( a)) has a
wi dt h 5W' shoaviflg $hB outiiEPSsigialsdn KRippérfoptlay2vamienib@eslageguch as bunps 30A(g)
and 30A(h)). In one enbodinent, the risers are_|ocated such that, the
on-center di st 5t & shawsrAne sebadimept i an aprgigerent §f mpgionyies pecoting torhjs ¢ e
nearest 1 qWeRfonriser mcro-vias (row H (which may be termed the "breakout
| ength") is approximately 12w (such as from bunp 30A(d) to mcro-via
30H(d). The mcro-vias within a given riser are |ocated on approxi mately
1.5w centers (such as fi~omm cgo-ﬁi@ %s(%Hl%g e mcro-via 30l1(d)), while
the risers are at roughly 3w sp Sfa 5 Psué s frommcro-via 301 (d) to
m cro-gi a 301 (BJQ. 3 ilikeatekbrde eRempeBiaibodinieht el iRkahiect Hatemsf thibi S 1S but
one exanple, and that the sizes and spacings for any particular application

will be ditveali®wgApheiegcthe detiaddox dndiqates the Jogatiopidthe fipostir disy Thsts ¥@ehnol ogy,
the nunber, 21y 5o%pe80 bistAbitedRAhth tht BSa Whas R Rld B @edhif®! S€

requi renents, |rrpede§nce targets, and so forth. FIG 5 illustrates one
exenpl ar y sehstraidi interposenforttiedike) conpeati Barious grgwps| of thedwps mayde distiibmtedpl ane on
t he buri egn I ayer . Bung)§l 40attef'2’A9n% a4gfeo aemacto%lgl lést L rgheet to bI ayer, but
25 are shOWHREMErsSPeaing RIUSHIS AR ISP L S ZURGT PRI ES BAVFRES IEYR8d 50 route
| / O siignak@meduspline@nThdwernd tuphie’t hisyodl@hbetudal th a¢ferl tavgioup@ s/ buiipsd | ayer.
Traces 58 and 60 carry those signhals to n‘i_c{rg&z-vi as 34_&? 56, which route
the si gnalVesiacrRmpigationdhareq] cpugaapndingfa asplinea hedie Thp Jstated RateMat t he
traces 58;RNMeSQvEPLUNMYs 30A0G hichinPakB YPRSpIfHe (S&ilin@‘l?, afd tHahPRRmpRE are not
present on the buried |ayer; they nerely overlay the traces 58 and 60. 3o
By provi ditsef tederen addiionalsplines (Spiine RitkrenghnipdinoNY.iFes easg in fefteneadea nunber of
br eakout gj j )i 06:; ) one
erbod monPUAESEy B Endferkd s teflangelifh M85 PR, SIS IERED bl
rows AeC) nedvekt thedlipthip did’d edlge rand bisece Snordadditionglyowh (sash as0ws Bthkgughs used f or

ground, power, or other reference. |n one such e di.nent, .that rowis used
in conj un&Y Q%GWLFW“E" Sﬂﬁ%a‘%f g??@r@ibe FRE" S G %f _g‘ﬁ'é’?‘f%?'wes a

pl ural ity jifstratbd, HeehBnes b4yGR s@ife Sdirdfhentdthizlor Brdge Ao oR Biietchiphe risers
to connect to the mcro-vias 46, which connect to ground bunps on the die.
The fi ngeFer ermple. Spliney and Spkina N pig mygrohimages-of gachiqsher¢1n dherembodiecst | ve
splines' and i o S fi buri ed signal
traces 58 and{’ E‘%%Elznﬁaﬁilﬁgeﬁl@ ?%@\C/li@alggg%g?ﬁ@o%pngﬁ?ﬁg%ﬂ %’%ﬁengﬁr}@'on t he sane

| ayer 25t hey sh®hd chrdlemsfoat i mateaowsaf naisrot\dasr(ichtas 8¢lh 2edhd3M) atanged inThe fi ngers

provide a ground (or power) return th for.the. to signals d. t hey
provi de a° %‘P@P%’ﬁg WSp(F%{:\ﬁ%S%%‘Y Eﬁaﬁ‘g r%‘?gh'gli‘eée W?f%ﬁlaﬁfng%%%gt&m“?ﬂﬁgﬁ'@%ﬁ the top
l'ayer. Fl Gonfa ddep Uyt tahdss tevptinRE. TYpically, thisobilltbedroaxmepbarty-upepmeidtnent  shown
in FIG 5. At the top |layer, the sliﬂ%nal ,from(li)urrp 42 is routed on trace 66,
the si gnallayes GR) ocbgrrparmast layssd 30, B therskitled rader 3vilh apmeciale glatihes r om bunp 40
I's routed ﬂﬂcigléé‘f}ﬂhiZ%vfthi&nfh‘?é ot nERRGAY fited t@thEaplidfoh Ot easfli$0 at the top
thE 'S gnal's com ng back up frommce o-vias 54 and 56 are routed on
t r ace 3segreplamtize onlpdhiz pateniogifeist the lrms “Ohirger” bod “awiadiyer”. a | ogi ¢ or chip
(not shown) coupled to the trace 72 is ultimately connected to the
flip-chip connector coinciding with the bunp 48. The skilled reader wl|
appreciate that, in order to mnimze cross-coupling and 20 ot her
undesirabl e effects, it is desirable to mnimze the distance over which
top |l ayer signals directly overlay buried |ayer signals. In one enbodi nent,
a maxi mum breakout signal count nay be achieved by routing three I/0O
signals on the top layer and two 1/O signals on the buried layer. In other
enbodi nents, in which the design rules dictate otherw se, other signal
counts may prove 25 better. In one enbodinent, a given spline's top | ayer
10 signals are routed adjacent one another, and that spline's buried | ayer
I/ O signals are brought up to the top layer and then routed adjacent to
that spline's top layer /O signals. In one enbodinent, the top layer I/0

T o M ~ o



T equi remen

WD 02/ 06732s PCT/ US02/ 02836 | eft side of their respective correspondi ng
risers, while the top layer 1/O signals for the splines on the right half
(endi ng wio b2/Gpbisne N) are routed on the right side of thecm/usesmssdive
corresponding risers. It is not necessarily the case that all risers nust
be equally spaced, as the reader w |l appreciate. For exanple, the two
centernost risers may in sone enbodi nents be placed nmuch cl oser together

t han ot her adj %@Fe‘?’ftmcﬁ%tPf@e spligeg rﬁé&%ﬂ@mpmgsgrmpéthp%w risers'
respectiv . tQL. o8 f! In sone
enbodi rnenlt%“s(;r(5 ? Fﬁgsﬁsagggllwﬁgw#g%ag%%}@fe g?eﬁsrerf’ g%‘ﬁégg Se%g&g@ tﬁ%éﬁr dependi ng
upon desi gn r ulhegop lagieryiapes andlhme&dslaxﬁtlmegnlallllustrateéﬁ)rtt\ha‘splmusanmaas bet ween

adj acent 1o 1n for a spline
i o 11 FErdies 85, BR stk sy h oy SR SRA" wnlohetigafe Wiy t o

out er nnstnudmeeefme\sgmi mb;amu()rea\t@thenEaspecttkzet/orsagﬁﬂ dest@imtibti@nthé rd row bunp
(row C is routed between the first and second row bunps. In one

enbodi menf@Meh which for a spline three I/O signals are routed on the top
llayer and two g6 HlShHaESonRESerh ied |ayer
signals are taken 15 fromnt ﬁeeflf h an Si xt‘ﬁmpg%&?ycg{”’as hlhaeﬁpﬂ}{%n

enbodi nenand itshisse Theiskikad lbaetylewﬂlsapgmaia@ that ¢his tsumb'dmdxarepit:,l andlpeneat h t he
spline's e odi nent . faurth row bunp
is for r'1;)‘4(:‘E"%£‘“l?%qlor{{eM é‘ﬁ%‘{ t‘(P},!", T ehre a;(lﬂ %Vﬁg%?g\”r?pﬁeea&ge PEERE o, a row
of burmps md&SSSdelytrdftﬁitrbdlthated)rleﬂatﬁﬂe Shdjﬂﬁhlpslb@\oﬁculbumﬂtaﬂﬂﬁé bampsisigse 60 provi de
power. FI 7 |IIustr tes one enbodi nent of  a placenent of the riser

m cr o- vi a9 SHRT TFe- DY Rt SR rBISto-YiRwbefd @gtswﬁaiwetwp%ﬁ@d%qf@ﬁht s on the
buried layer tjg oaslehBsEmbR, iﬁlﬁtﬂ@ﬁbh%lbﬁﬁtp%AWabE%dtﬁ’“v%”"é(ﬂ@ﬂfc it is
necessary to space the risers w der than the Spacing of t’he splines, by

di st ri butburpstina rew sreron 2gfemtrensl(sqph|asnbmpsa30¢\(g)tahé3M@m)eln dreyer |/ O trace
segnent s ha ariation.in their [esp ectjve | engths.
In one en%?)yao d?ﬁer{mﬂ? hge?sraers Ogagf‘ﬁ/u@ﬁ ﬁtaﬁ’(ﬁ fegater Jisanen ram ghe, aiger r“?°§4er|° “may still
be pl aa:edoﬂhmnﬁ:uhetvamtbatelmareﬁ@twIofﬂgbatm&&v&{sI(@ngeymﬂtchwtdyfbertaﬁﬁ@@{e to the
rectili neam/ag nment of the splines. In other words, in one enbodi nent,

the ni cro-aysakputilength”) jsagproyimatily 15ys ksych 5 fipm E‘I'q’lbh%d}‘iﬁ”&m'roaﬂﬁéw@éngent to
the arc afRngicMiiedwidig argiv%ﬁﬁ‘1§eraa'ff.elo€’dt§f6ﬂ Qﬂf&%atél_?'lgwrcﬁﬁt@s (kd}ﬁ% al i gnment
may lend itself to easier simulation and validation, for exanple. Wile the
i nvent i onfremgnieresnia 3BKE) toreerowiia FOIE), shinthe risess anisbuughly 8w spaditg zi ng 30

sol der b f] e reader wll
ppr oci atnars e By B0 ik 33 o) Bhe Winca R i SRR o it
ot her 2t ecthizsa bgioas exantpld, had thathkes dizes aH\l)s;&Eﬂa@ﬁbeR@ ﬂaﬁiﬂuusaﬁﬁlﬁ%&ﬁwmm nts of

di scussi gn shoul he interpr, any, sor f limtafion on the scope
of the |ﬁ‘?ﬁéﬁ?tf‘t8‘ilugyﬁ‘ﬁ ﬂt‘%r??“t?c?ﬁ'ﬁ‘wed?a““f@t @é&cf"????@( hEI“H‘i“Fr%" BAOBK to refer
generi cal di/a & @dwt@ru#osa-t:tupmg Bﬂﬂﬁdmuﬁﬁre@&n@qm@aﬁhémrg@@eanalssrmm (such as
a flip-chip or the |i ke) to anot her el enent (such as a card or the like).
The i nvent i on &s5 Busiatesone exqseniaty smbedimpgntai the| naigrorviasabigedl faedssandnd t r aces
sui tabl e [

t echnol ogér8unéﬂsl%{§?p§§é %Lgtg? gagﬁnhuhgé %6(;%?16@'[8 A a&aagf wa}; %%gﬁg%g{ég?ton and so
f or t h2s Thare slaovah Heasfobredarende sEthi bmtmgnl\/fuaeoms 68 ami Soubete 1Qagigmalddwaund havi ng

sandwi ched struyctural | nd tra e but__th eader shoul d

under st ant'? uPWé?l'frﬂ'\,@ ? t8P| RES toélbegc)tf ‘gilﬁy R?C?Sr'?s&f'ﬁg{) cftreycthﬂﬁl ogi es, such
as those dighalsto Mitrelvidsi3@ngd 56 whichsrblitd €ielbighials hikf th RIS [9EHThERadend thus no

structural | ayers as such, or such as those in which interconnects are not

referred Wil %fectaFf‘ébﬁéhetﬁé?s 5586and§8 dp satroaBect ipdumpa @ ondfl. @5 fhoge bumpsr s of
transm ss I li ke and the

i Bl onthd fiiod by B ey nf Rl Svorl BET3ees 38 abd. 0 e oF gl
br eaksut counthroddmglmoyethmmﬂew oftriser niierormidst amsioertasafl himber ofised i n t he
cl ai nms tob?ﬁ {]I ca l%ref"‘g[lzedo any 15 and all such neans. These and ot her
poi nts of V&G que € uhderstood by the skilled reader upon
t hought ful consideration of this patent.
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Reference in to "upper"” or "outernost” or "top" or "buried" or the like
shoul d not be interpreted as requiring any particul ar absolute orientation
of the appanavers2s Ref erence to "breakout |ength" shoul d neCTEsor/n1saé pr et ed
as necessarily requiring 2o that the riser mcro-vias be beyond the

physi cal edges of the flip-chip die, but only that they be beyond the bunp
area of the flip-chip diein their vicinity. Reference to "an enbodi nent,"

"one enbodi menin,che ermbpdimerthouivaiiugips befweerohe tap leseheresdegs (SHelues that a
particul ar featur ct.ur » 16 Na | St & ' jaqconnect i on
Nth the SGRran B LI, G Rk Rk AT Rk Rt T0eTC! 20
necessar i pywealdr otidp ecfememuet Bi,one fuchrebodivient, thahrowTik esedar camisicigpedhances "an

senbodi nent," "one diment," ar "sonme, enbodjpgents, are t hecessarily
all ref er BioHgd pigng msﬁ’@“’é‘%ﬂmﬁ ‘H%‘Hi 2 H]‘frgl?tﬁg% g{zeﬁ’gﬁrisffsﬁﬁ"ﬁsgza'gf‘gﬁlgi a
conmponent exif @i WaR paSittha!Gdet t6 corftlectab BleaficRLVigd 46¢ whigR¥onnecttd gldnd or " coul d”
‘be included, that particular conponent, feature, structure, or 30

char act er bwnpzeon the digt Thelipgersdda-t sapethe mrivrg path cusrent fordhedryesnestiveat i on or
claimref Q han of . an” t _ Hgoonly one
ot “the. ol Shielnd Fserdsi “%%c‘?@%"%gﬁ%%“%g% Rl s e R B0 o

cl ai ns r ebd the micrasviadid 10, 6hahd 5&lasnanthe sanalbyar,dbey shaitld pe ébticaded scher e bei ng

nore than one of the additional el t. Th Ki | i t havi
(e’ benef £ ogot onpeash olieb B Bngg FoBAh? ehal o g e Pub AR e 'ar | ons
from the £@hA6Qhdthed @rvideRirbfeRn@ Plardrienhe SigndIPwhibieardBetking bitidh the t he scope

of the present invention. Indeed, the invention is not limted to the
detai | s déepdeydted above. Rather, it is the follow ng clains including any

amendient s MRS il aucd flrBEicIRE 0P (B larh BRbOAMERIh AR in FIGOs Oy 007325

CLAI M5 What is claine An apparatus conprising: 5
(A a fir gte topiagercthanizos! fromylmmp 4icis nolitetgoratrack 6aghe signel Hphibnep 4déach spl i ne
including, (1) a plyrali of first sigpal connector 2) a plurality of
rrst i graed orciee BB e sTeaeictes b FREsaBB EGRA0 13 ek cBpRAYE 1) o
first i gRadting@sRELIsebSthe {oB Nayer, Heighls ¥midy bagdog ko initalvis Snasd5Or s, and

are routed on trace segments 72 and 74, respectively. Thus, for example, a 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 top layer
signals directly overlay buried layer signals.

In one embodiment, a maximum breakout signal count may be achieved by routing
three 1/0 signals on the top layer and two [/O signals on the buried layer. In other
embodiments, in which the design rules dictate otherwise, other signal counts may prove

25  better.

In one embodiment, a given spline’s top layer VO signals are routed adjacent one
another, and that spline’s buried layer 1/O signals are brought up to the top layer and then
routed adjacent to that spline’s top layer 1/O signals.

In one embodiment, 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 1/O signals for

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



10 (4) a

plurality of riser signal connectors spaced farther fi~om

first and second signal connectors than a spaci ng between adjacent
t he firstweanzloerazsond si gnal connectors; and (B) a second ipatrarsonmsset | ayer
i ncluding, for each spline of the at |east one spline, (1) a plural

second si

of second
ri ser con

gnal traces each coupled to a respective one of t s the p

i gnal. connectors and tQ a.respective one of the pluralit
h%(,sf‘{]?r%f they respqgtive sRRysReREngFisers) Qﬁ‘ﬁ‘? the \%}Pg?yéf ﬁ? sjerals g‘%,r s pl |

pluralit ysr_qfn§§o brg fhle righORA (cfddPABE GfIe DY ARY i3S of the @R dideSf tiirgnal

connectors.

The apparatus of claim1l wherein: the first inter

t he
ones of

ity of
urality
y of

ne: the

connect

| ayer f ur tesegctiveeqriggeendinggiserdach spline, (5) a ground connector; and the
ssecond i nt er cope . j | i 2
gAYy 4L Oy RS Te

ground fi
wher ei n,

appreciaré Fop bxangile, theawd cersérmatdisss auydn singahbod nemecieqledhav

rectilinear orientation, and the plurality of riser signal connecto
5 subst aueplogH et b AfersReft BTl SeRmrbRdeS PSR AN Eco
si gnal COR#IPEti0E Faced are rR et 64 3E5sidRe bt 1A LRBBGome crhBSdiMBRAI RS US Of
claim1 wherein: the first interconnect |ayer includes a plurality

splines; &higingmaayhediffgrent fer sackradjacend pais, dgpendingippdesigngulsy, vemgpl ural ity of
splines a i i : . i about an
p ﬁ@a@éﬁ 3?9? 1 lrEbeF‘th%t oL gﬁs"g‘[{é&d\ﬂkﬁ Xde{ etﬁ‘tﬁglr%,%ﬁgﬁ; foltfl

out er nost

ge o e splines. e appara almb5 wherein:

cor regpondi ng b embodiment; msyptact fov e splinatlaké VO eigna as eauettorsthgtopl  t

the pluralit f splines have substantially equal |engths. 7._An

conpri o1 nivensndareBism 1y B TFRRTaR oyt s faws Ao Meredé oY
a subst antii@lrby bueHLEMIO) 8 Fouddtelbden SHbARE: and B6toAd Rwbupst Y of riser signal
connectors in a pattern having a substantlallééarced t5 overall shape and

di stri but

overall s
bet ween adjacent ones 0 Irst signa

ed abBunegmbpdimens inwich for a splise dhag Ve sigs
R3BEndwe 16 s?érgl}t%ﬁeen%?@@bﬁ {B%,bﬁﬂ&flay\é!},' {8 bﬁr%dga{y%géi S{Fhstapé’?‘ﬁkél d

connectors.

a
claim1l
e a

rs are
nd

of

races of
par at us
n havi ng

jgadle prgrepted encthaldgul ar

i stance

e apparatus of

cl ai my whemghefiftk and sixthaovs afdumpsdn ofic ¢nblwdimengthase Gwridd lzensigualoars ar e

coupl ed t

arc of

respective s of first. signal cqnnectors;: and, the
t he shapepoélfe%tﬁreec%ya? ng"gf%ﬁﬁlgfs P ]t"}'?esqﬁftsaél P%Efdarﬁg'lq)ugg ﬁ'ﬁ%g?%% Oﬁg’%en&ql&%r vat ure
such t hat fduh rawStmpdefol pommdiyorgiewehiodiatat @hch 3ehswisRIFIS] Ymabwednaectors to

its coupl

ed first sigpal connector is supstantially equal. 25 9. Th
appar at us "9t Oél?“é‘i‘%‘@?%fl%? }é‘irl‘?? ?%YH*éSl%aﬁwS?@ynmmm t}eé‘ﬁedgf’ QdeFd%d’B_PYﬁ’éct
conprises a pl picliitiyst@fes S dlma;meaﬂ@f4ﬁ)ﬁ:eme%@lmetr}seﬂmcfd-ﬁ@;, whicghal

connectors conprises a plurality of risers.

wher ei2f:

25

30

The appar at us of

argvides the sBestaskpath for the sigpals ar the bysiedlaydr tesurfapesto Abactep layerdInt 0
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
arrangement with respect to the rectilinear alignment of the splines. 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
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

e
ors

claim?9



WO 021 067325 PCT/ US02/ 02836 adj acent risers are separated by a second

di stance greater than the first distance. 11. The apparatus of claim 10
wher ei n: waowo&R2S ne conprises three first signal connect CI/ERY02836 second
signal 5 connectors; and each riser conprises two riser signal connectors.
2. A mufti-layer card conprising: a first structural layer; 1 o a first

[ |1 | yi the fi t t || d includi I lit
of oDl i PO BT POIdie RErPIRd 2 A0 st Iitaden & YR SOPEBRECL or 5, ol
| east two yfJehBdn, The Bdh ‘Lo RLES iEACN irRYPLAE eRvAoGOEf RARRRM Pl gaPect i ve
ftrst signal connector, 15 at |east one second signal” connector; at |east
one ri ser aimgtkddolngied o€ camecting @neelemend éuclbaca Ripship asithpriike) toranetber each
scoupl ed t S i ctive riser signal connector; and a second
si gnal Ia%lecgleﬁﬁ{%%r#%%%&%ﬁﬁeeeﬂ%'st structural |ayer and including, for each
of 20 tshe spl i Masjnvaitidndas beeniescaibaiin derms gfielkbctticah signatoandltmdestsait@ble especti ve

‘second signal connector and to I respondi ng.respective riser signal
connector%or_ltffns‘? B8 B it ?@Pﬁ@gg’iwrﬁ“f%wl'&l?ﬁm? ?’t‘céﬁﬁ?t@ﬂl ine: 25 the at
| east tWo jftkfchinedl, diGbwaHRNAAGH RS, GRTRY foftR, THCAR Hab bésh d8dcaba inemRect or s;
the at least two first signal traces conprise three first signal traces,;

the at | e®e noiélayecknsrd kavipgapndydehsd strustureldesrs and dragelayess bt wadphal
connect or §; b i 1 i t riser
CPoner" ool s AL ORGSR SRR RENGRTRS SEFalR 507
si gnal 10t r ac ehjchdmate Baotsiractarl stétasts raueed acbthus i guetural lagere acsoaiprorses t wo

second signgl traces, . l11. WO 02106732i_.P USQ2/ 0283G 14. The arat us of
ol ot m 13 WG aschO BF hiEh P S el T I o RS BeG e S1oBR 5B Re i de
of the tward meipleIb@iedf tamRieGoYignal wirdsSlinck@acay) Hides} dtshedfkeahdibe 14
wherein: a mddle one of the thrfe first signal traces s coupled to a one

of the threquiremeatofusigs multiplssieh layers Mo insregspthe gengd Bisakout eaut e t wo
riser sig : I " : o al ithand O @ one of
the riser Q‘g%\séﬁa Q?gaeg’etget\%ﬁ‘?ctﬁ%?gwg%g{sg%mﬁ %é)‘ga@rslgé %%‘nll?ﬁ‘gpﬁf?et? aré)it nal
connectsor sindhll sichi geans Sthesti apt ather faimsof ineerntion viltibsingarstood by theskidles i s
coupled tog one gé th 58c0 d . si g& c%npectors which is closest to the
first si gﬁ%ﬁ S YIRS e e?%“’&gg AR ‘conprising: 15 a structural

| ayer; an uppeR¥eSénck irttoeupiey’edr “oOmeritogi g “tope ostbutled wr e likayleiuld soid a

buri ed tr%ge | ayer underlying the strucitural | ayer. and i ncluding, a

pl ural i ty OSANERFEHas I & W PHHPHY ahtolyte quenteion oo fRPA IS Ce, and

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 to "an embodiment," "one embodiment,"” “some embodiments,” or
"other embodimentis" means that a particular feature, structure, or characteristic described
in connection with the embodiments is included in at [east some embodiments, but not
25  necessarily 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



a plurality of ground fingers each extendi ng between and substantially the
20 length of two respective adjacent splines. 1 S. The apparatus of claim
17 wher eiwioto@6732% uct ural |ayer includes: a first plurali tPETESORN2836- vi as
each in contact with one of the signal traces; and a second plurality of

m cro-vias each in contact wth one of the ground fingers. 25 19. The
apparatus of claim18 erein the ug pernost trace |layer includes: a

pl ural i ty cBimsysferfocan additipral erernhdhat ogsiot peeihda sy dEine BIOK KOS t he
buried tra¢gelad¥ifbnal dRfegACH |nclud|ng a plurallty of signal traces. 30 20.
The apparatus of claim 19 further conprising: plurality of bunps

i ncl udi ng an owhesesbidled inghe et hyyingihe benafit af2his dm@omet virpecREThaySo2/ 02836
*the plural f d between
respectlvéhégfgggﬁ?&hgﬁﬁﬁ&%ﬂ&q e&ﬁﬁﬁkgﬁg%OBEﬁfﬁagﬁéggﬁggemgéﬁgﬁﬁg of claim
20 whersei nhe ssofiehef tlsqaﬁmmﬁmménnbinelnbwd; thd 1rtvbﬂtim ik aytdimited e tﬂe ﬂamd

‘substantial |y, beneat h_respect e out ernost, row, packaged
seni condu gﬁf}/'b o¥E BHRgr IS th"gt%llaw'l“ c{?“Bsh’i“ uding apyamengments hlgx;eéq fhay, " o
connectorshﬂmﬁﬁ@gﬁgebﬂmauﬁggﬁhant|aIIy 1 orectilinear pattern of a
plurality of splines, wherein each spline includes, a first plurality of M
| /O connectors arranged in Mrows of the pattern; a second plurality of N

| /O connectors arranged in N rows of the pattern, and a card coupled to the
flip-chip die and including, ~ 5 a first trace layer having a plurality of
groups of I/O traces, each group having M1/O traces each coupled to a
respective one of the M1l 0 connectors and arranged in groups correspondi ng
to respective splines, a second trace |layer having a plurality of groups of
I/ O traces, each group 20 having N I/O traces each coupled to a respective
one of the first plurality of NI1/O connectors and arranged in groups
corresponding to respective splines, and MI/O traces; and a structural

| ayer between the first and second trace layers and including, 25 a first
plurality of mcro-vias each coupling a respective one of the



M1/ O connectors to a corresponding one of the MI/O traces of the first
trace layer, and a second plurality of mcro-vias each coupling a

respecti weoowes™ts the M1/ O traces of the first trace | ay@CTIus0202836pecti ve
one of the MI/O traces of the second trace Layer. 30 13 WO 02/ 06732s
PCT/ US02/ 02836 23. The packaged sem conductor device of claim 22 wherein
the Mand N I/O connectors conprise: bunps. 5 24. The packaged

sem conduct or device of claim22 wherein the second trace | ayer conprises:
an uppernost trace layer. 25. The packpged sem conductor device of claim24
wherein: to the Nrows are outernost rows of the pattern. 26. The packaged
seni conduWhatris digimegds:of cl ai m 22 wherein the first trace |ayer further
“conprises: a plurality of ground plane fingers each extendi ng between

adj acent groups of M15 I/O traces. 27. The packaged sem conductor device
of claimp6 whex giparanisitemptisingl i ty of ground plane fingers each extends
‘substantially an entire | ength ofr\ﬁﬁ‘g,e MI/Ot rag_es. %I%pﬁS ‘Iih gackaged
semi cohduct or (@@¢ifky igreennsetipyspingiding pileast pRe HRG SEFNFPURSING 'c"ﬁ“ f
mcro-vias is di Str(i%l@ﬂliiy%f@irs%ﬁ@%l@éﬁﬂe&b% arced pattern. 29. The
packaged sem conductor  devi'ce of claim 28 erein: 25 the Mand N 1/0
connectors are ar r dApepluiakity=pf Siesh signad traceks egehreouplipd torpargspepiieroae pfthgo. The
packaged sem.co tor i of claim 29 wherein: a set of the second

pl urali typl8@1§€°3?}(§§[\ﬂ él%ldcg}é}r‘er%goésbondi ng to a set of the Mand N1/0O
connectors al ong ong) spldalinfofisévend sgial tomeatorspantdt ern are di stributed in an
arc having a 30 width gre ter. than a width of tege ne .sidgeh f tge
rectillPnear patt er %) apluralipy o ssgrGiEaslcomseiongnaeg Ja 3T §9m B, Wstandy aged

sem condugd g4 Q%ﬁé‘l E6hinBdtors i W B IMNRIRIER adjhdeft dhek bEE First 8%d REong@ach spline
are di sposed between that spline's second mcro-vias and those of an

adj acent sighdl pennegprs; gudret hod of fabricating a package for a sem conduct or
devi ce havi ng | ur ali. t in. t i i . ity of
rows and havi n@) %Srceoﬂceiérf%rg]g r%gégé;r&nﬁglp &g‘%lf%ﬁz&gﬂ%g?gﬁﬁ aglg%hgiep ?Jrllée’ of a
plurality of the spgll)aplsralincdfiselend Nl fraces eadh/cOusledytoa respectiveotoes di sposed
in Nof the ro apd M> 1 second |/ 0O signal connectors disposed in Mof the
rows, “het iph‘rméoﬁfef’%‘@ﬁ c%ﬂ?céqrﬁ@ldttﬁgrﬁp?cg\xg ?net?@ﬁWPﬁg Oi{)lFﬁSri sing: to
form ng i BofdedtbisSt | ayer of the package, for each spline, Msecond signal
traces, the splines' second signal traces having a spacing substantially
coinciding with a spaci ng of

2. The apparatus of claim 1 wherein, in each spline:

the plurality of first signal connectors comprises three first signal connectors.

20
3. The apparatus of claim 1 wherein:
the first interconnect layer further includes, for each spline,
(5) a ground connector; and
the second interconnect layer further includes, for each spline,
25 (2) a ground finger coupled to the ground connector.

4, The apparatus of claim 1 wherein, in each spline:
the first and second signal connectors have a rectilinear orientation; and
the plurality of riser signal connectors are in substantially rectilinear orientation

30  with the first and second signal connectors.



the splines' respective second I/0O signal connectors; formng in a second

| ayer of the package overlying the first layer, for each second signal
trace of weaobospti ne, a f rst via and a second vi a throughkrarnesozezssad | ayer
and 15 coupled to the second signal trace, the first vias having a spacing
substantially coinciding with a spacing of the splines' respective second
I/ O signal connectors; and formng in a third | ayer of the package
overlying the second | ayer, for each spline, N first signal traces, the
splines' firstrsi |, tr ; LAg. a spaci ng substantially coinciding with
a spaci ngs'of tﬂ?ee %g?\ia%‘és??&rgglsg@é%@gé first T/O signal connectors; 20

wher ei n t he sethefigst Witatormed layeeintiudssta pdirglitalof splinew andxt end beyond a

sperineter of the semicongductar device. 3 The f ' further
conpri si ng: foﬂ‘ﬁipﬁﬁ‘mtﬁsf’ ST BER c?wgpr,s o?tgg pg‘é%ﬁ?é%%ﬂﬂée%,arﬁr% gésdﬁgg i gnal

t r aces seaghbstaatifllyeficddFormation BRBPACHitMMoaREgeOdf thdiplingd. i ne' s second vias. 34.
‘'The nmet hod of claim 32 wherein: the first and second vias conprise

m cro-vias. 30 35. The nethod of claim 32 wherein, for each spline, the
formng Nel i f sinohsarhusoreates eiclier comprises: 15 VO 02/ 0G7325

PCT/ U802/828SG rodting the N first signal traces on an outer side of the
spline's M secomspomdsg @6s of therespectivechlustlities af secem signal §3q8s ofthe each
spline, the faormng M.seco S inthe first layer further
conpri ses:pﬁgalﬁ%ghpﬂaestlﬁée f\}f%stg%tba%%é?até%g&ﬁ ‘races substantially beneath the
first mignal connectors. 37. The nethod of claim 32 wherein: the formng
the second vias of the respective splines conprises disposing the second
vias in a’subsfRIPPUMPYCURREHEpattern; and to the forming M second signal
traces of the LesSRPRIAIMS oBfs BRI ERARLISRS fa@tmiHadingAeubisepant i ve splines’
M second signal traces Wth a substantially equal |ength. 38. The nethod of
cl ai m 37 wkstangilar aeepalbghepasdied ei n t he method further conprises, for each
spline: 15 the _formni . he . i j i ks second vi as
R M ous. 30, PRAMELPIF BT Pl FOMRH ERed2RRTAL MRS S evi ce' s
connectsor vaia skkips pod didtribnted alsanb s sideof the fisst sigea cérinagiars’ reatangwlan overdlé net hod

further copprisi for each spli.ne: 20 the fqrmn he seco Vi further
conpri ses SPeftEf 'f‘lggtaﬂﬁﬁ é%rﬂgf‘? Off ‘ﬁlgaf K ggeﬁtﬁrstth%?lggfyn%%eéﬂ%ﬁ Ja\c/\ﬁglfI pree ﬁi
rectilineape RAt iglalcorpiBetorthe nNet hod of claim 32 wherein N=3 and wherein,

for each spline: the formng the Nfirst signal traces further conprises
routing a mddle of the first 25 signal traces to couple to a one of the N

first signal C%gg&ﬁﬁ%{ﬁséﬁ%lﬂiﬁvﬂe%i@n i nnernost of the Nrows. 41. ~ The
. d :

met hod of c¢laim erein the sem conductor device further has at |east
one ground conmespeaive dhespddledisersignabeoonestbrs ag conrileshioiresppaiive geesohEN r ows,

t he net hodﬁrgtusrigtngiecrongé)ct&g;rg%l sing: 16 WO 02/ 067325 PCT/ US02/ 02836

the arc of the shape of the pattern of the riser signal connectors has a curvature
such that the distance from any given one of the riser signal connectors to its coupled first
signal connector is substantially equal.
25
9. The apparatus of claim 8 wherein:
the plurality of first signal connectors comprises a plurality of splines; and

the plurality of riser signal connectors comprises a plurality of risers.

30 10.  The apparatus of claim 9 wherein:

adjacent splines are separated by a first distance; and

10



formng in the first layer of the package, a plurality of ground pl ane
fingers each extendi ng between a respective pair of adjacent splines; and
form ng imobbvessecond | ayer of the package, for each of tmreTyrSOMNZE3EI ane
fingers, a via coupled to the ground plane finger and positioned to couple
to the ground connector. m. A, . A& A& . A9 . A&

.A9. A & Ay&0. Al 9R Al 9?. Al &R A&R. Ae. A&e. A&e. A&R. A&?@%{{tg& a+f 0

1A~yt 0j e [ V] c aflieagnt siernjre sgrataiedd]yaesand Histaar ¢ ipate)t %FES&T‘E%T%] ca] ca]calc
a] ca] ca] ca] c”a] ca] ca] c™a] ca] ca] caU] ca] ca! ROg JExJJ

m 1lzupkfa\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca]
ca] ca] ca] tla] c dlreaphaapcef]dtrahd]vdwiein] ca! 1?7K&&( () J+++, ,-p---5.../¢///0011zup

-kf a\ ca] ca] cal,cal.cal cal calca cal cal ¢ ca] cal ca] caU] ca]c
a] ca}/qc!a] CLU] ]cae]a%rhiq}'eﬁ%oé’é'%r&sg% tg'ba]egg%tf‘fﬁc%ﬁ%%%é&fg%%ﬁ%%%ﬂﬁgg : ] ; k]; Jcel
, (<+<5<D<¢onn&ctdréyahg@b] X] ] ] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJca]c
‘a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca%cga%caU] ca! 5??Ac AAA=BBB2Cy CC* DDDD>E
EEPF] FI FFF5GGESHHERFHEMRIMLEER KFq 51 5!%‘]3?&‘5‘]‘ §'¢:a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ¢
aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! HHIKK5L8LL2M
8N=N@NINYNaOQSZT™ TeTnT| TTAUU=EVWIXZZZZZ[ {vql fa\ W] ca] ca] caU] ca] ca] ca]ca] ca] c
a] ca] ca] c#}.ca]4 aultehyerakubdoswyisimpca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
TRLT01 G X pSecrral lover
K 6al aaaaéﬁrﬁi%rﬁﬁ%cégcf{vql gb] X] 1] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] gq] cal] cad fi] Ggiat Bydrosttdnchi Gisst siajcurdl dapralddadlodidcaploalivalfddeSeeeeeTf
ff . .
ggS?ggghsFﬁi“F"lﬁ pach sphnegpelidifg) no| vl gb] X] 1] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] calssphaahs aH sigha absrbsa) cal ca] ca] ca] ca] ca] ca] ca] ca! of op=qq
>rTrrrs+sZsssssubuYvvww 7x| x2y>yyyzzzz] {| wngb] X] ] ] ca] ca] caU] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] calat kkpetayve Afsé aiped Upecs] aael] %%ggé}%‘aT%FfPM}i@Q]r@af@é(f ca]ca]calc
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connector and to a corresponding respective riser signal connector.

13, The apparatus of claim 12 wherein, in each spline:
25 the at least two first signal connectors comprise three first signal connectors;
the at least two first signal traces comprise three first signal traces;
the at least one second signal connector comprises two second signal connectors;
the at least one riser signal connector comprises two riser signal connectors;
the at least one riser signal trace comprises two riser signal traces; and

30 the at least one second signal trace comprises two second signal traces.
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signal connectors which is most distant from the two riser signal connectors.

16.  The apparatus of claim 15 wherein:
10 a one of the riser signal traces which is coupled to a one of the riser signal
connectors which is most distant from the second signal connectors is coupled to a one of

the second signal connectors which is closest to the first signal connectors.

17.  An apparatus comprising:
15 a structural layer;
an uppermost trace layer overlying the structural layer; and
a buried trace layer underlying the structural layer and including,
a plurality of splines each including at least one signal trace, and
a plurality of ground fingers each extending between and substantially the

20  length of two respective adjacent splines.

18.  The apparatus of claim 17 wherein the structural layer includes:
a first plurality of micro-vias each in contact with one of the signal traces; and
a second plurality of micro-vias each in contact with one of the ground fingers.
25
19, The apparatus of claim 18 wherein the uppermost trace layer includes:
a plurality of splines, corresponding to the plurality of splines of the buried trace

layer, and each including a plurality of signal traces.

30 20.  The apparatus of claim 19 further comprising:

a plurality of bumps including an outermost row of bumps; and
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adjacent bumps in the outermost row.

21.  The apparatus of claim 20 wherein:
5 the splines of the buried trace layer are disposed substantially beneath respective

bumps in the outermost row.

22. A packaged semiconductor device comprising:
a flip-chip die having a plurality of connectors arranged in a substantially
10  rectilinear pattern of a plurality of splines, wherein each spline includes,
a first plurality of M I/O connectors arranged in M rows of the pattern;
a second plurality of N /O connectors arranged in N rows of the pattern,
and
a card coupled to the flip-chip die and including,
15 a first trace layer having a plurality of groups of /O traces, each group
having
M V/O traces each coupled to a respective one of the M 1/O
connectors and arranged in groups corresponding to respective splines,
a second trace layer having a plurality of groups of I/O traces, each group
20  having
N V/O traces each coupled to a respective one of the first plurality of
N I/O connectors and arranged in groups corresponding to respective splines, and
M V/O traces; and
a structural layer between the first and second trace layers and including,
25 a first plurality of micro-vias each coupling a respective one of the
M I/O connectors to a corresponding one of the M VO traces of the first trace layer, and
a second plurality of micro-vias each coupling a respective one of
the M /O traces of the first trace layer to a respective one of the M 1/O traces of the second
trace layer.

30
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10 the N rows are outermost rows of the pattern.

26.  The packaged semiconductor device of claim 22 wherein the first trace layer
further comprises:
a plurality of ground plane fingers each extending between adjacent groups of M

15 1/O traces.

27. The packaged semiconductor device of claim 26 wherein:

the plurality of ground plane fingers each extends substantially an entire length of

the M VO traces.
20
28.  The packaged semiconductor device of claim 22 wherein:
the second plurality of micro-vias is distributed in a substantially arced pattern.
29.  The packaged semiconductor device of claim 28 wherein:
25 the M and N I/O connectors are arranged in a substantially rectilinear pattern.

30.  The packaged semiconductor device of claim 29 wherein:
a set of the second plurality of micro-vias corresponding to a set of the M and N
I/0 connectors along one side of the rectilinear pattern are distributed in an arc having a

30 width greater than a width of the one side of the rectilinear pattern.
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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 /O signal connectors
disposed in N of the rows and M>1 second 1/O signal connectors disposed in M of the
rows, wherein the N rows are outside the M rows, the method comprising:

10 forming in a first layer of the package, for each spline, M second signal traces, the
splines’ second signal traces having a spacing substantially coinciding with a spacing of
the splines’ respective second I/O signal connectors;

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

15  coupled to the second signal trace, the first vias having a spacing substantially coinciding
with a spacing of the splines’ respective second 1/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 /O signal connectors;

20 wherein the second vias and the first signal traces extend beyond a perimeter of the

semiconductor device.

33.  The method of claim 32 further comprising:
forming in the third layer, for each spline, M first signal traces each coupled to a

25  respective one of the spline’s second vias.

34, The method of claim 32 wherein:

the first and second vias comprise micro-vias.

30 35. The method of claim 32 wherein, for each spline, the forming N first signal traces

further comprises:
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37.  The method of claim 32 wherein:
the forming the second vias of the respective splines comprises disposing the
second vias in a substantially arced pattern; and
10 the forming M second signal traces of the respective splines comprises forming the

respective splines’ M second signal traces with a substantially equal length.

38. The method of claim 37 wherein M>2 and wherein the method further comprises,

for each spline:

15 the forming the second vias comprises disposing the second vias in M rows.

39.  The method of claim 38 wherein the semiconductor device’s connectors are
disposed in a substantially rectilinear pattern, the method further comprising, for each
spline:

20 the forming the second vias further comprises forming the second vias in

substantial alignment with the rectilinear pattern.

40, The method of claim 32 wherein N=3 and wherein, for each spline:
the forming the N first signal traces further comprises routing a middle of the first

25 signal traces to couple to a one of the N first signal connectors that is in an innermost of

the N rows.

41, The method of claim 32 wherein the semiconductor device further has at least one
ground connector disposed in a ground row which is inside the N rows, the method further

30  comprising:
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