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20  interconnect system. Even though various known techniques such as voiding of package
planes around plated-through-hole (PTH) vias, decreasing the size of the PTHs (and in
some cases eliminating PTHs in package substrate), back-drilling of board vias, and
crosstalk reduction by placing sufficient ground pins in the socket/connector exist to
mitigate some of the these SI issues, cost and high-volume manufacturing (HVM)

25  reliability limit the extent of applicability of these methods for products.

BRIEF DESCRIPTION OF THE DRAWINGS
In order to understand the manner in which embodiments are obtained, a more
particular description of various embodiments briefly described above will be rendered by
reference to the appended drawings. These drawings depict embodiments that are not

30  necessarily drawn to scale and are not to be considered to be limiting in scope. Some
embodiments will be described and explained with additional specificity and detail
through the use of the accompanying drawings in which:
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FIG 1b is a cross-section elevation of the integrated circuit device

package depicted in FIG 1la after further configuration according to an

enbodinent 5FIG 2 is a detail section that is taken fromthe section
din FIG 1la according to a stripline trace enbodi nent;

circle 2 d‘§8i CtF
FIG 3 is 20480367 ection that is taken fromthe sectiTHURIOOFES depict ed

in FIG 1l1la according to a mcrostrip enbodinent; FIG 4 is a detail

Cross-section @IGVitis oerob@ttionSeldvatianoflan difegrined siduitidevict patkagt 10 depi ct ed
in FIG 1la that illustrates a_portion of the integrated circuit package
substrate 81 FEmBlecPbPlimeyt a core enbodi ment FIG 5 is a detail

cross-section @I@Vidtis 9BrobdRttidnSeldvaki@of thOmehieedcRehit 8Videipaskagde depi cted in
FIG 1 athat illustrates a portion of the |ntegrated circuit package

subst r at e YGRIEEH & G- dbafer fyther ennfizuration soserding i BRiPARAdiMEntSF G 6a is a top
pl an ofsan int m.@tigdd%gﬂgéeti&nmﬁkwenﬁ&mﬁés@&&né%arzcaeaﬁteh%m.%aﬁpl e

- enbodi nent ; . FIG 6b is a top plan of integrated circuit package
subst r at e $crdipg APt ing taeeampodieedtdi ng to a net hod enbodinent; FIG 7 is

a top plan det gjd 3t; : . | ' L.oted: i 1-,&@ a 20
according to aﬁi%géﬁglaée}atie%ﬁ@r%ﬁ?;&%ﬂ%gc&gﬁg{mi%?&g%td%%dgﬁan étlgi | taken
from t he geqordiegtola misroptripepibediogni,n FI G 6a according to an exanpl e

orboc el 10 53608 ot oA MARHE ok G SRS E°L L0012 7
pl an dH} aidépictakimFIGr bmthatiBusgretes a portibn fthd intkgpdted @cbuit padkhgs substrateccor di ng t o
an exanpl gcc%{'gi)ﬁ)gdijo Tlied via core embodiment;

FIG. § is a detail cross-section elevation that is taken from the section line 4
depicted in FIG. 1a that illustrates a portion of the integrated circuit package substrate
according to a coreless substrate embodiment;

15 FIG. 6a is a top pian of an integrated circuit package substrate according to an
exampie embodiment;

FIG. 6b is a top plan of integrated circuit package substrates disposed on a board
according to a method embodiment;

FIG. 7 is a top plan detail taken from the section line 7 depicted in FIG. 6a

20 according to an example embodiment;

FIG. 8 is a top plan detail taken from the section line 7 depicted in FIG. 6a
according to an example embodiment;

FIG. 9 is a top plan detail taken from the section line 7 depicted in FIG. 6a
according to an example embodiment;

25 FIG. 10 is a top plan detail taken from the section line 7 depicted in FIG. 6a
according to an example embodiment;

FIG. 11 is a detail section taken from section circle 11 in FIG. 1b according to an
example embodiment;

FIG. 12 is a process flow diagram according to an embodiment;
30 FIG. 13 is a schematic of an electronic system according to an embodiment;
FIG. 14 is a detail section that is taken from the section circle 2 depicted in FIG. 1a

according to a solder-mask open embodiment;
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FIG 11 is a detail section taken fromsection circle 11 in FIG 1b-
according to an exanple enbodinent; FIG 12 is a process flow di agram
according to an enbodinment; 30FIG 13 is a schematic of an electronic

system ac | an enbodi nent ; FIG 14 is a detail section that is
t aken froypﬁgﬂggéé?? on circle 2 depicted in FIG 1la ac%wzﬂ‘amﬁ'@“a

sol der - mask open enbodi nent; WO 2010/ 036676PCT1US20091057968 FIG 15
is a detail sedIGolS ik hdetail sectiak that i taken frb® thesetlichticierXdepicddepiGtied in
FIG 1la according to a |arge sol der- k open enbodi nent; and FIG 16
is a detai¥“¥ 'Egig‘b?lﬁfgﬁ?ladpgm?%@ﬁ“ﬁ‘g%s‘?%’@gct ion circle 2 depicted in
FIG |a accor diFi@. 16ds a déteidsextion thanik Gkén fioud haaREtibneiioRD depitted DRIGT A LED
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order t® show the structures pETAREDBESERMPIoENts nost clearly, the
- drawi ngs included herein are diagrammtic representations of integrated
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pr ocesHbr fertekpmpla dn aphntemicyogoiphmayeappter diffenent shilelstilhincdrporstingthd 5 sent ence,
it should 1_% Rﬁ)ﬁﬁ | .val SLructures,.
Referencec{aﬁ‘&eoug %ﬁ%%ﬁﬂgﬂ}#s{s}%%%ésure %n%'gﬁgﬂeée{%o |dnr%‘r‘ﬁngsglray°aﬁ enbodi nment "
nmeans t hashow thastructurbsnecésary tio andesstand delilstraed embadimenter Additionatiescri bed i n
connection _wth the enpodinent is included.in at.least on odi nent of

t he presegtfucluﬁ?feﬁ?ﬂvgﬁl.l %%ﬁ’@ﬁ%’ﬁ@gw&?#gq‘bﬁ?g’&%&elcﬁng odi nent" or
"in an entimdingntAlthonghv@ipiocessorRhipeas a Adnioky chighay be mbitfondd mcthOsdice are not
necessar i Ie\{]fall .rgf (riri r}% to thg sage enbodi nent. Furthernore, the

parti cul atefeRss #sheuld et fycopstrued that theyare squivalent trycluresay e combined in any
sui t abl e manneRrefer@nétBrofghoiiPthes diERRGke i Hng embodimefit! 6t "an@dmbSdithefit" 0SS- S€Cti on
el evation of an integrated circuit device package 100 according to an :

exanpl e eMBUMithAS APartioHlar SatuieagfEIctiR, OF Figragtraisticdeseribad (n onpectinn wigh fheed 25

circuit (édBodifdtGCindiddedSn ElleAPore RHRARRIOSF (RE prischf ACERRAT TROD a menory

device. The I C device 110 is disposed on an | g.gac_kage- substrate 112, and

the | C pa#psgancsgbthephrasest iponesmbodisteat @r Gin an epbeditnent] in agiots places

not hemio Hi$3i9 8 Ndufar Iﬁg&% 0 as a

hi gh- dzgngh%hyg%&algkageg‘%at aPF%tws %a%i%g?lg%%g%ieg?g t&%ﬁ?%@&% pueﬁt( /0
Furthermore, the particular features, structures, or characteristics may be combined in any

suitable manner in one or more embodiments.
FIG. lais a cross-section elevation of an integrated circuit device package 100

according to an example embodiment. The package 100 includes at least ong integrated
25 circuit (IC) device 110 such as a processor or a processor and a memory device. The IC

device 110 is disposed on an IC package substrate 112, and the IC package substrate 112

is disposed on a board 114 such as a motherboard. The IC device package 100 may also

be referred to as a high-density package that allows for high-speed input/output (I/0)

communication that can exceed 10 gigabit per second (Gb/s) signaling rate. A high-speed
30 VO signaling rate may aliow for fewer /O pin-out contacts that may allow a package to be

smaller than otherwise limited. In an embodiment, the IC package substrate 112is a

processor package substrate 112. In another embodiment, the IC package substrate 112 is

a processor plus memory device package substrate 112. The memory device may be a
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communi cati on tthat can exceed 10 gigabit per second (Gb/s) signaling rate.
A high-speed 30 I/O signaling rate nay allow for fewer 1/0O pin-out contacts
that may all ow a package to be snmaller than otherwise limted. In an

enbodi nment theoml C gackage substrate 112 is a processor ,Packglge substrate
112. In anBORRIM8di ment, the | C package substrate 1XSTIS20057%68 ossor
pl us nmenory devi ce package substrate 112. The nenory device nmay be a

t hr ee- di methedeatiaéns{oal)(3DhPRYryChipstsckAThe prddessop pIAS BRERFy divids p y device
package substrate, 112 can provide a fast (e.g., 3 tod atransfers per

8 qi
second ( strats Hi2can proxide eifesh (e o 28 PSSR éﬁ%/ he nenmory devi ce.

For such ﬁnﬁﬁiﬁﬁﬂéﬁﬁﬁiﬁ%ﬁ@entﬁé?b@&&n@ﬁ@%ﬁeﬁd@&ev%. Fenduch W hRshobet Wween 1 and
arger or__smaller configurations thhat are being

8 gigabytes (GB) although 5 ]
practiced ‘%?’E"’aﬁf‘g'ﬁg"t"ép 8Ky P g@rdigured betwegn 1 prd ¢ gigpbstes(GB) plthqughr nal | v

coupl edst Qael G Rtnal BRI I atibASthat e BlnEBcRBd heTaRD 15 Te B Fed I ntegrat ed
heat spreader ﬁ'th;S& 116 that exhibits an IHS footprint 118 as seen al ong
the X-di mensi orfbe i pevize 114 is thepmafly cornied te 2 hed sprgaden i s avhich mayebel HS 116

Lhrough a tRRER asleh irtdeACPAPLRLIE! (HS) IYb dlf BtiRtaR I ot 1615 OF Lhe | C

device 110 10 contacts the TIM'120. 1n‘an e | nent, e evice 110 is
el ect r oni ¢a¢n ajongshpKetimensioniie FEgtliay dhe I fevies 110 éxtwofled to tha WIS 6package

substrate QL!QF- ' Of —alect | . na e

m cr obal | stﬂr%@%{rh S0l der E%%%“%ﬂﬁﬁ%d‘*’%%gg ég%gld%ﬁ%tg% l;g?%wlélllzlai S

el ect r bhi cantagts the TIMd@0t tn arhembivdamat, 1A deviza d H0 & ehotrldtally2duplecar di ng to
an enbodi . T, C devi,ce 110 may .be c Lgured with_.several

capaci tor EE e[]%cugésgll{a?e f#lﬁre?dftgﬁ%eﬁg,ﬁacolfﬂggéubaﬁgtfﬁ%@ﬁoggﬁ 25HAT OQ%S“PF?Eosed upon
t he | C debumes 1220thatumayrtg niicteballsd 20 9esoldet bampe1d2o dhed0 package dubsisite one

| and- si de acitor. SO ,126 is, disposed on the I C package substrate 112
bet ween tljrifl %(f(ieﬁ&e‘kl @@%‘f?é%eeb"fi‘;ﬁé‘ B2 g?tolgii‘if" Qi%fect |y bel ow
t he |1 C devinbedimehtect roni ¢ communi cati on between the LSC 126 and the IC
device, K110 is carried._out with capacitor interconnects, one of which is
i ndi caled wit hﬁ@%@ﬂé&@@%%@%@h several CHNEIQTEI BRI 20898t rat e 112
i ncl udes mahq&uﬁbﬂeesltﬁ»aafeqhgeseﬁ%?@ﬁﬂxeqtuevi@éu@ dkifg Adufife ds30)n 4Nd @ bottom
side 132 (alsg referred to as_a land side 132 Hi gh speed I/0O

comuni c afmbedimentca leastane dand-sidg capagio(BSEY 134 @@méQQMMMi ch are
I ndi cat edg : L gh- | {: 134 is
pi nned Oufﬂﬂgﬁlﬁg?}é&%&%ﬁ%@]ﬁ %QPES&?%& éggﬁi Jgﬁ?%rggffﬂlg (kgﬂ%%g@‘r(i nt 118
and it i sthsilgdevico Klegronicremgiugicstiehcbet8@ndlic k3@ 126@ndabkidevicali@ sat e 112.
I n an gbodl: - Welg™ /O tr ' . froma single
nmet al |2PC g%h%/@%%ﬁlg’? %M&E@gfj‘%ﬁ&h@eﬁf%%?%ﬁ%%eé%%r fg?er?ﬁ% during
f or mat i onnwheralnl@8t op bui |l d-up | ayers of the package substrate

e that.

manuf act uri ng. ~Ihj-s results in.a ir 3 voi ds. coupling. to plated
bt ough. hol o-sTHUE PR HsSphf 1 T2 b B35 4 i fiae téRo Sert il ua MiisBl e
t he hi gh- $3¥)end 4 béftont sidel 3D dlso fefatiedpo sexlandside 1329 Highfsped 140 di e side 130
of the I C packa substrate 112.. "Pi d out ne t.he surface" may nean
only a so ('J"étF"IH%?Rn@ opt Ry %Weg‘ggéqugwqwewcﬁﬁg“%@rface 130.
It maypsal RéeréRanuhéiel 134, The high-speed 1/0 trace 134 is pinned out at a terminal 136 that

is located outside the THS footprint 118 and it is pinned out on the die side 130 of the IC

package substrate 112. In an embodiment, the high-speed I/0 trace 134 is formed from a

single metallic body such as an integral metal line that can be formed during formation of

the top build-up layers of the package substrate manufacturing. This results in a trace that
30 avoids coupling to plated through-hole structures in package substrate 112,
In an embodiment, the high-speed 1/0 trace 134 is disposed near the surface or die
side 130 of the IC package substrate 112. “Pinned out near the surface” may mean only a
solder mask covers the high-speed I/O trace 134 at the surface 130. It may also mean the
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WD 2010/ 036676PCT/ US2009/ 057968 hi gh-speed I/O trace 134 is nmerely exposed
as a bond finger through the top layer(s) such as through a sol der mask.
The hi gh-speed /O trace 134 significantly also is not electrically coupled

to any pl I h hole (PTH) in package substrate 112 such that the
hi gh-speegﬁr‘?’fi ogﬁfﬁﬂgbet ween the | C device 110 and t he YEVHFAROSTEE i s not

encunbered 5 by any PTH As a result, high-speed |I/O conmunication nay be
achi eved iHliglaspeadjO tface h34is Gty éxpodd achbond fhiper tienep Loa{d) gathat i on of

ARk
the electrical termpal 136.d nd t he hi gh. speed cannector 160
appl i cati oaﬁigrﬁ'éghw fnésjk grhfg'%%e*@?‘gﬁ?(sgﬁ?ﬁ Ppﬁ "E‘@'ﬁ’ﬁ'&?‘?éﬁ{“’tat tachnent to
package sudtatricalleccupdub bdy pidvEthtduighihble (BTHSE pdaags sbsehtdM 1 usiofder - 1 the

hi gh speed, conpect 160 i s capabl e of separation fromthe substrate 112,
the term it g‘gg‘épefg%/%aiﬁ}b%%ﬂée Wéb&%" terRinglhl 38 Axmatgycusberednt ai ned

under the tyopy PTHI 2GS rdstit, Hkh-Bfeeld VOARninhRABatifitmbPhe sllclafaR atalde Al these

enbodi nrents w1l be achi eve%h-g[fjrl ng substrate 112 manufacturin For

exanpl e, 0¥/ ©A0CYs. Jhe seapa gad eanfipwration of 3l cleqdcal srmaiapl 136 drpand upere
P& . . W . . dur'
e oour 08 30t SRR OL PSS, e 1| 1

the substrate 112 manufacturi ng. 1 i ) i s taken
from t he $éechmsat teippekage subgteats Ex2ewillihavetemningls 1 3 daposiicd yithsoldes Ifithp| i ne
trace enbggls : i B § al N | Gt ln-FIG 2 that

i ncl udes the rgg%h@?ﬁ%{eoé 1?‘# %@%@%@%ﬁﬁ&?g@hﬁ&ﬂﬁ@@%ﬁi %ﬂ?‘gitér{ﬂl élj“’aésat er

det ai | 10 TH36 willhave paeble sirface finisk andBaapbaentited noddr e topsurfanal 3A&6 t hr ough

an interc Il Vi hat, 1S, pot ,a ted through hol e.
20l n an e%&ﬁg@%eﬁgﬁ%?h%ug?lgﬁaﬁa?ﬁ'é‘rlllletﬁ%ggbﬁgé@g%%%%% %&F‘L&W bel ow t he die
si de 130 saifstrothd 12 Mamefedtaripe. Bertexampie co tikedte peotehdimgpermialpl 38nthe esldaecond
ground pl ane, 2 I s di.sS ed. opposite the grqun |.ane 238 and on the ot her
o e or " Sk P R efmb® R REioR LA eoneciot Sedond WAl pBiE Uepcdies Btte T ' he
ground pl autstr23812 meshfida@ingower pl ane or second ground plane 240 are
depicted in si I.f.ied f.ormw fhin dielectric naterial, 242 that is 25
part t he IC%%R%@&C@&?E?‘?“&E‘@I @g?“m&ﬁﬁﬁﬁ?ﬁacmlﬁﬁée%%d%%%er/ground
pl ane 240a@eidigsioa siiplift facRehbbditndht) Datiplineqrabé 8i4iPE0038 ddpictad G or

hi gh-speed 1/ 0O conmunj cations to be sustained within the trace 134. The
stripl i ne?fehieldesthy higharrefd) e d 3 wen i I Lo brtiingrguer dstad iThar ation to

al | ow a dgf )sf;éeewcr@éég 1§49ilﬁ}r,]§ut@6%@e°tﬁﬂfal miﬁ{oﬁgm?mi é:tgé.%%hg% per

second (Gb/s) to 40 Gb/s. an enbodi nent, stripline trace detail 200
30 oper at &5l¢dwvig Hiatis gt aplefedtheangh helgr ation to allow a data-flow rate froma

Procesyor in a,LARGBdiRe 4 Srofdd fade®3 : - a2 disud. det ai |
section that is tgﬁle(r’\ l”Fnrom grﬁe s%?:tei o%gscllg?%}{e egg;tﬁl%@el@’lt%dﬁ?%& | a
accor di ngl¥wfgheiCaadinge sybstsath 14, srda powerplane ostecomyl growdeplahe2d0 is 300 i s
depi ct ed &Ebo'sféd%ppgsifeﬁﬁe ground plane 238 and on the other side of the high-speed 1/0 trace

134, The high-speed I/O trace 134, the ground plane 238, and the power plane or second

ground plane 240 are depicted in simplified form within a dielectric material 242 that is

25 part of the IC package substrate 112. The ground plane 238 and power/ground plane 240
act as a shield and return path configuration to allow for high-speed I/O communications
to be sustained within the trace 134. The stripline trace detail 200 may operate in this
shielded configuration to allow a data-flow rate from a processor in a range from 5
gigabits per second (Gb/s) to 40 Gb/s. In an embodiment, the stripline trace detail 200

30 operates in this shielded configuration to allow a data-flow rate from a processor in a
range from 10 Gb/s to 12.8 Gb/s.

FIG. 3 is a detail section that is taken from the section circle 2 depicted in FIG. 1a
according to a microstrip embodiment. A microstrip trace detail 300 is depicted in FIG. 3
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WO 2010/ 036676PCMIs2009/ 057968 t hat i ncludes the high-speed 1/O trace 134
seen in FIG 1l1la but in greater detail. The highspeed |I/O trace 134 pins out
to the termnal 136 that is exposed through a solder mask 344. In this
enbodi mantW the termnal 136 nay be a sol der bunp or other sinple

el ectri cal VOMBPE that contacts the high-speed 1/0 PCHERWMI988 5 phond
fi nger exposure through the 5 sol der mask 344. In an enbodi nent, the
hi gh- speedhdt/ifichides ¢ higdspesd I/Oﬁaaeemlsaaﬁdrsmeﬂaxbubmlméﬂaemﬁotﬁieelﬁgﬁmsk 344
at the die Seaidl? 130 f t he Ictgﬂickaégé&trate 112. The hi gh-speed 1/0
trace 134 RAF QL) 5é’i‘nsr?&§‘i? 3"%!3 136 fiat s capased Grangh aeolder maskdfi thin a
di el ect ri cnmgs aﬁb@m&ﬁ,&hé RahinkS1383dy 1efa sbiaér bR QURE SinplSdckfke 112. The

mcrostrip trace detal 300, 10 may erate in this configuration to allow a
dat a- f | ow GPBgHetor %E%E’&B‘lqueﬁ Qp tragddd #tradiond ficgsr sxpogurgthranghdhe | n an
enbodi nentgoldef@adbiyuOstri p trace 300 operates in this shielded
configuration to allow a data-flow rate froma processor in a range from 10

Gb/s to 12.8 Ghyan emhodiment,the bigh-spesd IOdrace é3\4 isllavpigd immediatelyibielosobe t hat i s
taken fr O%M%&%%%Qﬁhé 1Sidd 1%60%9![% d4n%e 113, tl'ﬂ?ﬁ.ﬂg,i-l- %éé@}lfgﬁf: es 2

portion of the |IC package substrate 11 ng to a
enbodi mentiracer ki and thessolder mpskr34é lacadepicted it slblpbﬁﬂhfoen waithfn 4 dieldctsic a cor e

ol oot ri calRraberi PR KBpkRM e L, PicthRiblob e by 30 7

el ect r 1t aimaywpprate i@ this csmﬁgmmntoaHthdath{ﬂopaatea"@mspdoséssGrMa fabge only with

a process S I deV| 11 nent he series of
el ectri caf% uér;%gfs%ﬁﬁé 4|E"§/Sp?':1eaéneen nglﬁngéhel%cﬂﬁ)ﬁmgﬁggg falss dn only wth
a menory chicidedemlfigamtione alliy deliacfowirhf fronia processdrda b gt frohﬂ@ @wei es of
el ectri cal %F’/ 122 is present on the I C package substrate 112 such that
t he burrps & di sposed before mating with the 1 C device 110 such as a

gzzcessor or aFmaWE:Eycxﬁ&ﬁ-ﬂ&cﬁoﬂ‘&cvh%ﬂ(&fdﬂa@ﬂﬁﬁdﬂ%&ﬁlfeﬁtf@nﬂégs&ﬁ&nﬁnecnpre section
t net er s thick glass prepreg structure.
Accor 211% gg‘% tﬁ‘ﬁm}ﬁg Eﬁ%ﬁﬁ figea P@l%e{gﬁkc E%ﬁersﬁ?%fa%ﬂi jagcogdingto a

i || ustrat gledMih Bors @MB6dEmeht. |T'h€@ro¥d—éh‘éﬁ10@é1€vaﬁ$n Mfﬂbtra!ﬂes aille@ VB BRCRE W th
nuneral 446 at the top side 130 and another of which is referenced with

nuneral 444 ‘&ithft%P%B‘%&eéhbsgﬂ*aé@BéPlurﬁé)fﬂfﬂhpéﬁle&péelm@lble,mm 122490 al so has
several i fifygkdal/ 9 afl kb &Eﬂt%ﬁkér@ofé%’cﬁ"ic%lb 12\%&&'@&5%@ erenced with

nuneral 450. The die si e 130 has a er itate

i nsul at i veackegespbstiste 12, anfewith e pracesser sughuasghe IOdeviceH &0. bhltanom SI de 132 al so

233 h aas Olt ﬂﬂﬁoggﬁgéﬁ tﬂéé&m@@oij e@gdnjidaf I?I.In?ps 198 ﬁl Iﬁésuﬁeon%&'&efa&:kage sv%cstrgtg 'ﬁ)?,n ents
only with a memory chip such as the IC device 110, In an embodiment, the series of

electrical bumps 122 is present on the IC package substrate 112 such that the bumps 122
are disposed before mating with the IC device 110 such as a processor or a memory chip.
The IC package substrate 112 has a core section 444 that may be a 60 micrometers
25 (um) thick glass prepreg structure. According to an embodiment, the IC package substrate
112 is also illustrated with several filled vias, one of which is referenced with numeral 446
at the top side 130 and another of which is referenced with numeral 448 at the bottom side
132. The filled via core detail 400 also has several interlayer dielectric (ILD) layers, one
of which is referenced with numeral 450. The die side 130 has a solder mask 452 to
30 facilitate insulative reception of the electrical bumps 122. The bottom side 132 also has a
solder mask 454 to facilitate insulative connection of components such as the passive
components like the LSC 126 depicted in FIG. 1a and/or other components such as the
socket 124 in FIG. la.
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conponents like the LSC 126 depicted in FIG |a and/or other conponents
such as the socket 124 in FIG |a. FIG 5 is a cross-section

el evation detail 500 that is taken fromthe section line 4 depicted in FIG
| a that a portion of the |IC package substra 12 according to
a corel ess \k@%&fﬁ?}#&?e enbodi nent. The cross-section el (’/‘éﬁ?%ﬂ PPt rates a
corel ess substrate detail 500 of the |IC package substrate 112. A plurality
of the seri es (FIIGeS isatcrdss:—adctibmetp@tlﬁnﬂ&&lism}ﬂhhdw&kémﬁ-adthdsactﬁmlﬁﬂﬁodi ment ,
the series |  bBu 122 lS nt on t cka e substrate
115, *onl y depeirdin Fich o8 et afies s36rdoh ot HETG Foriae sobgirert 1L SRR Fort - ¢ he
series of cetetsss mibstedte hﬂWﬁm&xﬁZTh@crﬁss@S‘éeﬁﬁn eﬂlﬂaﬁdlﬂllhﬁatb@@%&@&sﬂéﬂﬂ&f&@t e ﬁlZ,
only with ry.chi uch s In_ ap e i ment, the
series of %TEZTESW P@FWBE gelsl‘ 'Slrzegeﬁq qf#@SF%esﬁégﬁﬁgq frate 112
such t hat lﬂﬁﬁlﬂhﬁﬁﬂ&dlﬁﬁaﬂ&nﬁﬂﬁﬁhaﬂd%@n@@&f@[&tﬂﬂtﬂuﬂﬁbswiﬁpl'é%@ﬂtloﬁ:tﬂev' ce 110

such as V\A& aﬂpro essor. _ or a nenory chi he | C package substrate
112 as depf®f St&t‘?:b]rzeP’élgé“@é‘dt’?%PPOSMhtaﬁﬁ]FIﬁﬁ?"‘%“& 8%s prepreg

struct ur e enBegitierl, i s&ﬁ'és%f‘el@éﬁ%&i biBpd 122“5'61‘6&&& W&Ew‘fya &Bﬁfa?e b2 is also

illustrated with several filled vias, one of which is referenced wth
numer al  52plyavith y@emeyy chip S§¢‘1ﬁ§ theal§” dgrviredABt nean eprbodiment; theseriesiafr enced wi t h

nuneral 5 t 500 al so
nas. sever Seoy i fiae P22 @ Fhsirn HAC ke AbGAS §1508 e PhE tih Pl 70 D
di e silk am@lagd beforsanatiog withdhe Whdevico 11 @sichias with aiprosassat ¢naamerargpt i on of
the bunps 422. The bottom side 132 also has a sol der mask 554 to facilitate
i nsul ati ve Connection of conponents such as the passive conponents like the
LSC 126 depi ct €k i(paekege bibstrata 14hal depicotdines 2 carelessisection 544 diat may bdbe socket

accor 0i ngts B RE: uiiinf STpdimet e R aRTRbIR BSe o 1 op

si de 630 ﬂhaﬁrated wm:;tevaiabﬁlledmdsl-&efam&xwm infef@dtedivith aummemnia2Git tenep 610 for

an | C devi ch as,a pr ssor or hspe /

comurh cafl‘fi%hqu asnlaé‘ﬁ?tfl?ré’g whigh 1ieferensRd ?ﬂﬁ %?gylsraéﬂ’éQ “‘E}ﬂé‘% 33%% 25

i ndi cat edcoraemammdetaﬂseo Wisb hastsBeerild PGRESoMLUTEVhIh i6 Aderascell R&nNi gh- speed
I/Otrace is StS %ﬁ‘bg‘ébel ow the top side. The high- speed |/ O traces are

di sposed B‘&“EW\'/ sidg ] 3Q,has g,seldermask H52 fofag) lafiysseceptiar ad 12, but
they are t&%%ﬁhré'lﬁoﬁfhb%ﬁcﬁﬂmki@!‘?ﬂd@lﬁk!s@lﬁ&%sk%@ﬂooﬁc:ﬁia%m veuch as
I mredi ately bel ow a sol der nask. The high-speed I/O trace 634 Is pinned out
at a ter nfanaection of eqmponenis sugh a4 the Passivs icorapensats liksthe dSCol26depisteditand it 30
i's pi ngedeit the high-speed 1/0
trace 334 ﬁj %%W%ﬁ%eg%@n?ﬁg%r gﬂgga%keﬁgéagﬂg@gfamo of the I C package
substrate 612. FIG 62 is Fitap nlex ofiandC packegé subairaipOeagcording to @ example array 670 to
facilitatg, I occupy the
| andi ng zonedg%%p?&g[an c'a‘! &@ggﬁﬂ&%g%ﬁi R 2355 WG B3P RarifrusHEN SETHL

footprint 618 and & landing zone 610 for an IC device such as a processor or a memory

chip. High speed 1/O communication is carried out by high-speed I/0 traces, one of which
25 indicated in phantom lines with the reference numeral 634 as the high-speed ¥/O trace is
disposed below the top side. The high-speed 1/0 traces are disposed below the upper
structures of the 1C package substrate 612, but they are usually configured immediately
below the top side 630 such as immediately below a solder mask. The high-speed 1/0
trace 634 is pinned out at a terminal 636 that is located outside the IHS footprint 618 and it
30 is pinned out on the die side 630. In an embodiment, the high-speed I/O trace 634 is
disposed near the surface or die side 630 of the IC package substrate 612.
The terminal 636 is disposed in a terminal array 670 to facilitate high-speed I/O
communication between an IC device to occupy the landing zone 610, and a subsequent
-7-




-7- 1C device that may or may not be | ocated on the | C package substrate
612. The termnal array 670 may be | ocated between a term nal array inner
perimeter 619 that may correspond to an edge of the Ills footprint 618, and
a termnal_array outer perineter 613 that may correspond to the edge of the

| C packageW9II®PU’L 612. 5The exact nunber of terni nFEVHOREEEE nal

array 670 may be correlated to the total nunber of 1/O term nals needed
for a gi vell depik iasinkP6r miynod Be RiEhed ba@BUC phdkagd Rbitatd GITD Ghe RfrmirdaD _
termnals is %P(ﬁut 40]%E IE‘F an enbodinent, the taotal nunmber of |/O termnals
i s about Y8 oyhmandelesy m?@%tﬁ@uﬁmywa?ﬁf@ﬂmaﬁﬂ%h@% nal s i s about
120 such &ﬁrrE@bn@todﬁlbﬂ%@oﬂiﬁé B{Sfﬁb?riﬁm@) anld/a(ereiid] by GtdrPRrimbi3r 613

enbodi nent, the total 10 nunmber of I/Otermnals is about 120 such as for a

quad- dat a-thatmzy cemespond tothesder ofthalC package substiie§126h is a top plan 601 of
integraged cir qykbxRARlMRPo ARSI SS it 9556 A md) RARKHIRAf% gecording to

a nmet hod enbodi nent. An | C package first substrate 612a may include a first
| andi ng zdetal emibsr 9f3/0 tepmings gesded or gipiven gppligation: dp apewbetiment, thedogH- speed
151/ O compph&art A telsSingsidfsab& 4 tlntﬂregﬂg- L B SREB Rty gﬁﬁj one of which
i s designated 634. The ﬂ?gsﬁ-(ggegg trace t}}ﬂﬁ‘lhgt\]lreepreserlljtelfa1 I'nh phantom | i nes
as it is domitalpus skbut 330 Ineh embadimentahs tothd nédber of Vhdetniingls 5 pbad 120 ace 634

runs effecgtiveley. i e, Y-dir ' f | rst .l andi ng, zopne 610a to pin
out in a t% Ité‘!rhrf‘? rf;(gl]adaa’}l rlgf\fh tg_}gﬂegﬁgﬂ ?@ cgéﬁé}lr %}gﬁb? £an ff(“ébé%%??tt’%}%tﬁ%?s uch as an
| HS f otlt pmimber®@I §Q. teirbigdis &5 pbad 120 Sich asfon niqaad-datnrats(QDR)I/@ar ri ed out 20

t hr ough hio&th-s %ed traces, one of which is designated 672. The hi gh-speed
trace 672°TU ef’?‘ectively in the X-direction fromthe first |anding zone

610a to pi n OUFIG.6bés 4 tep plan 801 of inRyrafed 4irtditpackdpe stlsaaesdispoded @f a t he
keep-out zon 8a. .The high-gspeed.trace 672 is al so represented in phantom
li nes as ﬁ?”&gﬁéﬁfﬁ?ﬁdﬁ’@ﬁ‘éﬁﬂ%ﬂ’é’a@EPW’%@W%F@‘*@%&%"S&?@ pEagaBkage second
subst r at eifolidb a fi lanBink Y6ke: 6105 &5 R IC HARE sieh O Rrsthhodesdop! HZR-sped C devi ce
such 33 ayf)econd prqocessor, that may gperate with a first processor (to be

d

di spo comaunicptgn is gargpdept stupughdughaspepditraces ong obwiielsisdlevigragad i gur at i on
accor di nge3n BR gideent 634s drapmedin QﬁtﬁﬁqﬁHsr%Q?%!c&%ﬁéu&dg%ﬁr i ed out
i g

within the | C package second substrate 612b through -spe traces, one
of whi ch balowéhsitepsideddOs 7Bhe Hghespaedytracs 634 tuns effectively én the Yrdimctioefromd i n
phant om | § i1 i | b Wnied | ) The

hi gh- speeiggﬁség%dig gb%uﬁggg‘@gé?ﬁj\l/gl y I nﬁ%ﬁg@?g}a&fé%ﬁ%ﬁ og%gge& (ﬁ'lg out in a
t ermi nal zone aychas gn {3 footpeint6ktei Highefpeed K@ epmuwticztipngs slsicdarrsl aun | HS

f oot pry nt%% - AR, ] C ' 12a.and the | ackage
S econ& bs ubst ?g{“ §I gﬁ%%aa?%’ e 3’?{‘%@% ?e}%/&@%tta%ﬁ%ié ﬁ?}%%gﬁ%’g%‘f‘ﬁ"séﬁ on 662ab
that is adffotivelyf mrthe-dimctim feonf the firdt landmig gomd 610a to pin out in a terminal

array 674 that is also outside of the keep-out zone 618a. The high-speed trace 672 is also

represented in phantom lines as it is configured just below the topside 630a.

An IC package second substrate 612b may include a second landing zone 610b for
25 anIC device such as a second processor that may operate with a first processor (to be
disposed at the first landing zone 610a) in a dual-processor configuration according to an
embodiment. High-speed 1/O communication is carried out within the IC package second
substrate 612b through high-speed traces, one of which is designated 676. The high-speed
trace 676 is represented in phantom lines as it is configured just below the topside 630b.
30 The high-speed trace 676 runs effectively in the Y-directior and pins out in a terminal
array 678 that is outside of a keep-out zone such as an IHS footprint 618b. The IC
package first substrate 612a and the IC package second substrate 612b are electrically
coupled through a flex ribbon 662ab that is also referred to as a flexible signal-
-8-




WD 2010/ 036676PCT/ US2009/ 057968 transm ssi on cabl e 662ab. The flexible
signal -transm ssion cable 662ab may be fornmed of a polyneric dielectric
that has integral conductive traces. The conductive traces in the flexible
si gnal -tramﬂﬁdsgaﬁcabl e may make el ectrical contact to the contacts in
the term nal "arrays 670 and 678. Consequently, hi gh-spgcé'ﬂuﬁ"@’%mﬁuni cation
Is carried out 5 through high-speed I/O traces 634 and 676 and the

hi gh- speedtrdnsDissiomeabi¢ 662aboFhé Bexitlé sigmt tratienissibryablel682 A niy tedughedgl e

coupl i ngs. .An | C.package thiord substrate §l2c include a third

| andi ng zohECERGHE 4}%}?&%&1’?@;’8&”% %?fﬁﬁgﬁsﬁa&%eﬁﬁfﬁn‘g‘g&ectﬁw%mﬁ@ used for

st orage byfldxitse §igmn ai-tramn}ﬁmblctn’ih&tmmaledﬁbﬂ cbﬁl@@g@ﬁe@bntﬁdﬂﬁhnfthd SL I andi ng

zone 610c., Hi.gh-speed..l nicatjon |s carried out 10 throu

hi gh-speemlgég,gysoﬁﬁg aﬁ‘%&ﬁ%‘?qgeﬁ%l%hﬁl’eé’ &@m@w&aﬁ%ﬁ-%@gawt race 680

5300, The o D T A 6D T e o e e o O 20 and bl ns
C. e hi ghspeed tra runs effectively in the X-direction and pins

out in a teéF‘??r&?Fﬁ?dlﬁ’rHl%f?‘fg@‘ggﬁak@'éplﬁ‘ﬁﬁ-si de of a keep-out zone such as an

M5 footprint 6W3Ac dd RREbIalk A5 iRl 9 thif a&ﬁ-,%om ' ut within

the IC package_ t hi rﬂgb?ggst rate 8120 througﬁlH?LSH]rlllildgh-s eeg@ﬁdgggrs@ one of

whi ch is dedeyisatush 268 memppedenicg e baysadifor siarage bp thefirst prastsserthatmedn)d i n t he

X-directiggi | ' ] F: 6 hal S si de of

Fhe. keep. coroandal 8 shlaghits Sob 10 MBieh ApEANC Bithliar R 1 Jatbagh 277

packagt f ithreughshighssncgd tra®s, ame of which alesiznagd 680c Fhphigh-spéed dragh68@ i§ | ex ri bbon

662ac t hat,.,d r | i -1 ransm,.ssk.on cabl e

662ac. Cotrﬁ é%ﬁ%‘?ﬁ‘f@%ﬂ%%ﬁ&@?@%&?@m@ ﬁ‘?éa [ sﬁael %Bg'ghf ?‘ﬁ%’out t hr ough

hi gh- speedpdetd @acq Gidaunsifectively i6 8k Xditective ahd pins outjie e tbrhingl aey68RiteAt i ON i S

not encunpe b | hr ough- h ouplings.... | C package fourth
substrate 36(%%2‘13%)?%5%%?% eneag#%ﬁ'@ﬁiﬁgﬁ?fpﬁlg Ggg‘f‘lel{'gg'@ﬁeefi an | C devi ce such
as a menpcymobewicatipngs v chirmgl ond oithinainalC Rickugza dird sabstialtes 10E thdughr ocessor

t hat | d. be | gcat ed at e first | and] zqne 610a. I n_a dual - processor
enbod\i,\fr‘?gngl,ggl'speel%gha’z‘%s’ ﬂlbetoéldvr]{“ﬁéf dﬁs@a%gétg?g}?%ééﬁsﬂe?‘fm Bﬁ?@’é‘sl andi ng zones
for two peffectisslpistha Dildiraatich il ph@Rs infaErmiikd aFFRYBEGhA Y d1SSSutsidd bk ar e
coupled ip series t? thﬁi I &ndi ng oge 610a for a first processor. This

conf i gur atyBrPu Lonedlfe Thellpackees thard suhsiraty §d2q and tn IG Reckage firsti t i ng.

Hi ghs peedsdbkteats OTIRAN SladticiNly cuptcd thioBsh PHx AbHoR$E achd ces, one
of which is designated 688. }_(Theﬂehfai gﬁ-glpeedx t rzgce 688 | Zba?%g’?%gg%?’ed I n

phant om | #felicxifie signal-drangpizsinirqablg 682pc; Gonsageemsly, higlesneap¥Ode 630d. The
hi gh- speeghnh@teBRS daHa o%félﬁﬁbla g&ia%ép%eﬁlygéﬁchi §%da%8%399ncﬁtﬂ9h1&h.ns out in a

termnal array 690 that i s outsi zone such as~an | HS

f oot pri nt SPEEBHO cmenunicatinndk nefensustherdd by phated througlshold cauplinghe | C package
third substrat g, flefdehoihtiablabA i nfi WG o' Bl Jch %164 f3PON 662¢d

that is also rei
an IC device such as a memory device providing additional storage for the first processor

that would be located at the first landing zone 610a. In a dual-processor embodiment, it is

25 noted that the top plan 601 illustrates landing zones for two processors and landing zones
for two memory devices, which are coupled in series to the landing zone 610a for a first
processor. This configuration is to be illustrative only and is not to be limiting. High-
speed /O communication is carried out through high-speed traces, one of which is
designated 688. The high-speed trace 688 is represented in phantom lines as it is

30  configured just below the topside 630d. The high-speed trace 688 runs effectively in the
X-direction and pins out in a terminal array 690 that is outside of a keep-out zone such as
an JHS footprint 618d. The IC package fourth substrate 612d and the IC package third
substrate 612c are electrically coupled through a flex ribbon 662cd that is alsc referred to
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-9- as a flexible signal-transm ssion cable 662cd. Consequently,

hi gh-speed 1/ O comuni cation is carried out through high-speed I/O trace
688 and the high-speed I/ O conmuni cation is not encunbered by plated

t hr ough- ho .ngs. It may now be understood that arrays may be
configured&'gg?%%"gto each other such 5 as the terni nﬁFT’H%/%“%;/’S%Z and 686
that are disposed on the |IC package third substrate 612c. Al so, term nal
arrays nmayashflexibld signat-ednsatidsivagablalbbleda Mdnadiiatio tigh-spe@D ot her such as
the termnal arrays 670 and 674 that are dj spos on t he | C package first
subst rat e GTFRHMG 2%{“3’“9@?%‘%’8?%%&%&%@%%@65@5m@eb'ﬁ%-swﬁéfoof an IC

package Slﬂ@ﬁﬁtﬁﬁ&ﬁwﬁhoﬁ@cﬁrhﬁcréﬂy%]lﬁla&ﬂﬁd YhofeHduplias. i s di sposed on the IC
package fourth _substrate 612d.  Although 10 not_illustrated, term nal arrays

may al so occupy® THF B stopd St preays may bg gonfigyradparaliel tpgachother il t he
termnal adstiRytedhihl GREsG8Dend 6Ll BEAMGIEA dl e IEpRREKABSR] hidid4le Substrate

612c al ong the | ower edge 692. Also_al though not 1llustrated, term nal

arrays mapPlaf-sdlsedemgal arpysmeaybesapiaratordnemally aedadiscentip sachather  For
exanpl e, 1hgh dsHhdchmthal e AY670 4 6 PAHNG: é?@di@%d&lic?ﬁﬁ ﬁg 16 g&&ﬁgﬁsﬂ .&&ag& age
dge 692, and 15 t

third substrate 612c along the | ower e termnal array
676 coul d 8. phlsp.aderarinad atrey mpoqegpyerdk angecdeh of eh Kigwckagasebsea@suchlasng t he

upper edgenH94n; e ' t section
circle 7 glépi ctuel%] a}T?\y Q@laté%&lg%c%%é%fﬁéh?@a%ﬁéﬁf?kﬂ%%ﬁ@a (B)f;z:ﬁ‘néaﬁ .uehn an
enmbodi Henmot illosiratedcteuminalrarisys wéy alsy ocust threg 38geanéanlEppackaps sitbstrate.

squar e- pi ) Ral. . At n di. t.. the uare-pitch 20 term nal
array i ncﬁg%@%%%é?%g@){%aot% lélrggg @1601]1%?63 r,n teoot H%{(gﬁagﬁ%gcgﬁféﬁugma?q i ne 737
bet ween t 16é2a along thalowar edgy 6P2nAlso phkdugk hetrillGsh@ted nemiitie atreysthayadlsoar r ay out er
erinmeter 613. G | S,.a | an detai | taken fromthe section circle 7
8epi ct ed Pﬁcuﬂ&ﬁk%‘ée&?ﬁgfﬁ ]ltrrogpoafgagﬁﬁ“béﬁﬁtﬁp g%ﬁ’%’&i%?ﬁ’?‘mﬁmiﬁg&emodi nent ,
f our occumﬂ@beprojﬁ:tef{ eﬁtﬁiﬂml(BpaEB@athlﬂiﬁ' bslu-aeaSﬁsz% gﬁﬁgth%?’ﬁ%r%ﬂﬁ @iz,s%{as ed in a
square;pitch term na rray. The termn a may be referred to as a

Cerm i Hedesr i R 678 coRls PR st Bt b6 16 pockese s RTate fide along

the upper edge 694. :

FIG. 7 is a top plan detail taken from the section circle 7 depicted in FIG. 6a
according to an example embodiment. In an embodiment, four occurrences of terminals
736 are depicted in a square-pitch terminal array. In an embodiment, the square-pitch

20 terminal array includes two terminals that are configured along a straight line 737 between
the terminal array inner perimeter 619 and the terminal array outer perimeter 613.

FIG. 8 is a top plan detail taken from the section circle 7 depicted in FIG. 6a
according to an example embodiment. In this embodiment, four occurrences of terminals
836a, 836b, 836y, and 836z are disposed in a square-pitch terminal array. The terminal

25 836a may be referred to as a terminal array inner first terminal since it is adjacent the
terminal array inner perimeter 619. The terminal 836b may be referred to as a terminal
array inner subsequent terminal since, although it is not adjacent the terminal array inner
perimeter 619, it is nearer to the terminal array inner perimeter 619 than to the terminal
array outer perimeter 613 than other terminals. The terminal 836z may be referred to as a

30 terminal array outer last terminal because it is adjacent to the terminal array outer
perimeter 613. The terminal 836y may be referred to as a terminal array outer previous
terminal since, although it is not adjacent the terminal array outer perimeter 613, it is
nearer to the terminal array outer perimeter 613 than other terminals.
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termnal array inner perinmeter 619. The term nal 836b nmay be referred to as
a termnal array inner subsequent term nal since, although it is not
adj acent the termnal array inner perinmeter 619, it is nearer to the

termnal a perimeter 619 than to the termi nal array outer
peri met er yfg%%%&%t her termnals. The terninal 836z REYUB¥YE ¥ red to as

a 30 termnal array outer last termnal because it is adjacent to the
t er mi nal array Inmhembprﬁmbmeﬁemﬁ&&dﬁm@l%nﬂﬁtﬁﬁbw%ytewamd&ﬂmﬁﬂfaﬁﬁfed to as

a term nal wLer i ous.term nal since .t is not adjacent
the term na glgﬁ EE%XW%‘FEYGT%‘“W‘?H‘?‘?G&QQP H‘ett%“l”?i’imfr@f?ﬁ t¥al array
ou';rgr pe][ipmmmterﬁlﬁ Inri?arembbdnﬁfbenﬂ;fﬁerﬁghﬁigmmaliﬁre cobili\g@éul éidiﬂg%ulﬁlgﬁi%net he .
nunmber o I N t hat e |l ocate a.termnal array may be eight
bet ween th tb?F"Fﬁe ﬁ* M‘T\‘/’ HHBReT PETRIEE @r@ 2g9 e denpingl ariePierPRIMSteF ay out er
perimet er ﬁBSsﬁﬁﬂgﬁﬁhﬁiﬂlﬂ@rﬁ%ﬂi&mﬁnﬁﬁS%hﬁb&ehﬁs&f&iﬁﬁahﬁﬂﬁﬁ&e?ﬁiﬁsécgféﬁted al ong a
straight line &‘iggébettgeen the termnal array inner gerl net er and t he

t er i nal second terminal She outen pipviousderinah 83Gyeasithansventl r st

term nal 83@andaSantMe dutdr st foRARMINME, asttH@a fHH drmSAP {1 & tinfifls 836D as
the second term.nal, the outer previous term nal 836y as the seventh

terninal , bSfFeRnReRRArigietsr §49 andequigrparimetert] 3awill dhpend jupen sumber of HAI . The
number of dofRdinal Sl 123 obfi3EorD Gl bﬂg%&%@é@ it Qb Rha LTS 013

wi | | depend upon nuhber of conn ns r or an app atlon
spaci né bewmberof(termingls can be betweer h@l@mmmmemﬂhmmnﬂmoﬁfmmm nal s can

be betwee 0 of termnals seven
In an enbo n%(r%? el F’ltpealﬁﬂnnlger &k’qﬁer%nt}neg f"""aﬁ% bssix, a&ﬁn@% t he
nunber of th@nmheabﬁemayalbmaj ba/five. |In amunbcsdmeht,rthmhumhdﬂef rerrninels nel beer m nal s
may be fo ap en di t he. nun als be three. In an
enbodi ment%ur #‘a r%) ’HEE mbL ?%tc‘“ ja?‘i)%‘ %t%relen H?'er?éﬁ{‘] t he
nunber of numbmuﬁadmuﬂhyn@d)e(m& Iﬂﬁlﬁnﬁodﬁlehﬁﬂﬁlﬁlﬁibemﬁé}nﬁﬁ]ﬁhﬁy?@dﬁﬁn from

t he sef, |on CI epj ct F a according to an exa e

enbodl {: ]?h%é%g’al @r‘f@g‘@&?@#‘"@c ﬁ??"@?i"cﬁ'é’?leo'?dqpﬁ%‘ﬂﬂg 36 are

depi ct ed mmmpmag@wpwemmaéﬂtam arl dnbRBInRINE) Ve BBéurrchd¥s @B teRAfIs M ences of

the term e unerated as a termnal array inner first termnal 936a,
a terni napi‘é‘i‘rfegﬁp g&‘gg’e@cﬂ?éwnflé}“ﬁ]i‘ APy dn g embgdiment; thyegopamrenges aftheut er | ast

term nal @8@falslafe edllmerated as a terminal array inner first terminal 936a, a terminal array

UQ

subsequent terminal 936b, and a terminal array outer last terminal 936¢. In an
20 embodiment, a staggered pitch, 2-column array may include the terminal array inner first
terminal 936a and the terminal array subsequent terminal 936b. It may now be understood
the total number of terminals located on a straight line 937 between the terminal array
outer perimeter 613 and the terminal array inner perimeter 619 in this type of
configuration, may be between two and eight according to the specific /O pin-out needs
25 of a given application. Similarly according to an embodiment, the number of terminals in
a terminal array, but located between the terminal array outer perimeter 613 and the
terminal array inner perimeter 619 in this type of configuration, may be between 120 and
400.
FIG. 10 is a top plan detail taken from the section circle 7 depicted in FIG. 6
30 according to an example embodiment. In an embodiment, five occurrences of terminals
1036 are depicted in a face-centered pitch terminal array. Three occurrences of the
terminals are enumerated as a terminal array inner first terminal 1036a, a terminal array
subsequent terminal 1036b, and a terminal array outer last terminal 1036¢. It may now be
-11-




20 enbodi nent, a staggered pitch, 2-columm array may include the term nal
array inner first termnal 936a and the term nal array subsequent term nal
936b. It may now be understood the total nunber of termnals |ocated on a
straight |jne 7 tween the termnal array outer perineter 613 and the

t er mi nal a%a’g(/}?"?%%? perineter 619 in this type of conF¢HUPRIVERE ey be
between two and eight according to the specific I/O pin-out needs 25 of a
gi ven appl umiatsiond theSotal umiticy oftemingli natbdomastRAEMO ThITRIIY bedween dnber of
termnals jn.a. termnal ar re%,plgut ocat ed between the termnal array outer

peri met er ST308lFERY AUteT Reri fermine! agiay et Rerimsies 61 Kinithis &pey pe of
conf i gur at éfabafigimytionSmidebeBBiech 2Ro aneidifl Acookdifs tokhe gﬁciﬁci/%iﬂbﬁtn detai |
taken fromthe section circle 7 depicted in FIG 6 30 according to an

exanpl e er56H venapplication,ialabhiccondngdo an empqditpens shemuniber pf nal s 1036
are depj Cttghihdls o o @@ind eRhR bafloRitddCdh 4 BlePeRfkn fle':@Mrinal. _@pou(p&cur rences of
|

the terninals are _enunerated as a termnal array inner st term nal

1036a, a tREFRCHsh Pl3gnddle terpiad giraninnernenimeter 6 1DBaks typa of configumatiora magr r ay
outer | astpetiRfilendbo AA3M6. |t may now be -11- understood the total nunber
of termnals located on a straight line 1037 between the termnal array

out er peri net eFI@11D igperosheectiaan elevation efithaiptagratadrcinpeit deviegact®g® in this type
of confi gugaty Belne . | Lng . to t specific

I/ O pin- o%ﬁl %{gg sFo 'X%Qgﬁrven agdélﬁ%}él\%{@g%cgﬂglg%&? %r?%ggoaé% 3 'd?]ﬁ'ékﬁo an

enmbodi Hentrackage 1 Gulras beengionfigured withn a Heta¢habla comectbntat a fexibly cablell/Ol ocat ed on a

|l i ne bet . t erm Qut er peri. er 613 and the .term.pal array
i nner pe\rl\?/rgre B Q%E%ﬁhgg% %néle% m&%ﬁ}"{%&%ﬁ{ ‘;%W}mﬁ&? ¥ Pt vRedY120 and
400i< FI Gd M()_Jﬂénscoagmolgflé(}.s’lﬂmhifmc@hftydmr)] flex afnn?m li60 tse@ipled t £fé¢')£Ui t device
package depj ct in E a after t her _canfi guration according to an
enbodi rrentd.%%fﬁg alc'&’r'i'ﬁgef?aarﬂfé%’é’d’f@ft' Elrﬁsanﬁﬁ‘@ﬂ&ﬁ’ﬁ?ﬁ y é&P’é‘B’“WcﬁtFP“éh’é‘Bg chabl e
connect or tedtigtacapheityi It flexx edphéctdr/ 160 eadfléaribbeh it 6Dis fbAes G836 bbby, epnnect or
may heyei naft s a high-capacity 1/0O flex_connector 160.

_be ref
The high- 8%5‘8@‘?‘{"93‘}4‘% f(IE éﬁ%ﬂééfgﬂﬁiwﬁﬁwimhiﬁé“géﬂ?ﬂdé@ frecegonfigirationfhon 162

accor di ngaliéw & Bate TRAHaEERN a proccdsbr aRP AR Mo flck/rBo&PTE4A ia?ﬁfglt;%n%w ough the
S

hi gh-capa&ﬁ}sy /0O flex connector 160 and flex ribbon 162 i rom5 Go/s to

40 o/ s. 181258 Qffhodi ment, the IC package 101 operates in this

hi gh- speed |/ Grilg, 3¢ & R0 sB4HoR KRR b FIL! PYednd AL Scki L oifed
processor and through the sf l ex ribbon 1%2% T %ﬁeg&&?%c{lﬁ‘%lgac&rﬁgﬂgt 0 12.8
G/ s. to gnjegample epbodimgat; Jihp IG packigersubsttaten! 12 inpindes Chighispeeddihtradee secti on
ci rcl eoll;achanidhited it 8% 530 ' t 42T e substrate 112
O LSO PRRR R i 3 G S TR 136D Bolpfed i3S ARG

I/O flex connector 1160. The high-capacity I/O flex connector 1160 includes a terminal

contact 1137 and 1139 that electrically contacts the terminal 1136. The high-capacity I/O

flex connector 1160 is electrically coupled to a flex ribbon 1162, In an embodiment, I/O

communication through the high-capacity I/0 flex connector 1160 and flex ribbon 1162 is

25 from 5 Gb/s to 46 Gb/s.
FIG. 12 is a method flow diagram 1200 according to an embodiment.

At 1216, the method includes forming a high-speed I/0 trace on an IC package
substrate. The high-speed IO trace is configured to sustain a data stream rate from 8 Gb/s
to 14 Gb/s by avoiding any plated through-hole contact. Consequently, the high-speed /0

30 trace runs from within an IC device footprint to outside an THS footprint to pin out at a

terminal.

At 1220, the method includes coupling an IC first device within the IC device
footprint to the high-speed 1/0 trace. In an example embodiment, an IC first device 110
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20 134 that is pinned out at a termnal 136. The termnal 1136 is coupled
to a high-capacity 110 flex connector 1160. The high-capacity I/0O flex
connector 1160 includes a termnal contact 1137 and 1139 that electrically

contacts t ] pal 1136. The hi gh-capacity 1/0 flex_copnec 1160 is

el ectrical ézglgﬁ)p 6263 to a flex ribbon 1162. In an enbodi 1?995"%968

comuni cation through the high-capacity 1/0 flex connector 1160 and fl ex

ri bbon 11dgeeiBG2B)fy fliprchipGosmtadendie divtdgcal Burfips 102 and tha cheetricalbutdpew di agr am

1200 accorgi . n.e | ent . 210, ..the net hod inc es.formng a

hi gh- speed&FP % ’{lr&éc &t %Wﬂﬁe ﬁ%—%gg@géﬁagmlgﬁ gpggeqq%gyﬁﬁﬁﬁgrﬁEWCpl O trace
i's configurlecihaoupzsdmﬁthinmnamaviee&mpeianmaalﬁgﬁ-spwwom%sl 134 1;]1_ Gﬁ/s bycI .
avoi di ng any pl hr o -.hgl e cont.act.. nse tly, the_hi gh-spee

30 trace runs SR AR e GORIBE s NBRREL 10 "Bk HESHIG

f oot prist peekapé substte ?ta RodICipackage substiraéé‘.\t InJaa%Qamf H16 emB&i 'ﬁat ag thf‘ ﬁﬁudes
couplin | C first deyjce wthin the evice footprin 0 e

hi g - s pgege IPF%"E‘? sbatrats %h&nwle&z'aﬂﬁaél@}mai ﬂ@rﬁa,ce G- iscoppledsthroygh p dlex 110 - 12-
(see FI G ribBin 662aé tol dsceddICREALE ShtRiatt BE2cEl ectrical bunps 122 and the

el ectrical bunps_ 122 are in contact with the high-speed 1/O traces 134.

Consequent | y, h@ﬁodhﬁwdér@wdeéwéng@eégmtémwmmmwm@mi ce
f oot prii nt 1 &h dahpltl tboRinRAl ah 1kikst 8&fccld torarll ortihst (uflind B0 36 UdeS
I C 5 package su

coupling the high-speed I/Otrace on the first strate to a

second! 0 CFHaGbaand anJEseeond devieaiis doeated attbt eccondlondingrane 610k first | C package
substrate 612a ' a -§Q§§ﬂ L,/ t . o 1 rough a
flex ribbon 66%%?3Pgﬁba£§g%%ﬁg’hﬁ%spac aégd?ggé?@xﬁg&ﬂ%?%?p&ﬁ%%gég4o, t he
met hod i nérange Fomd@h/s tedt Gle's.| This methpd ewbodimentincwies uistétinghisiiatei ce. | n an
exanpl e e Q:F% : NG LT vige.is |ocate . 1he first |anding zone
610a (see% %ggﬁ?‘&gﬁgﬂ %hla%%thg‘g%ﬁhé’ led%o\'}PP if%rqp?a)%ﬁ{l é%eeg{lj E)ttFlr"@eSsecond

| andi ng zone 68IGH13 is a schematic of an electronic system 1300 according to an embodiment.

15  The electronic system 1300 as depicted can embody a high-speed I/O trace that avoids any

sl

plated through-hole couplings as set forth in this disclosure. In an embodiment, the
electronic system 1300 is a computer system that includes a system bus 1320 to
electrically couple the various components of the electronic system 1300. The system bus
1320 is a single bus or any combination of busses according to various embodiments. The

20 electronic system 1300 includes a voltage source 1330 that provides power to the
integrated circuit 1310. In some embodiments, the voltage source 1330 supplies current to
the integrated circuit 1310 through the system bus 1320.

The integrated circuit 1310 is electrically coupled to the system bus 1320 and

includes any circuit, or combination of circuits according to an embodiment. In an

25 embodiment, the integrated circuit 1310 includes a processor 1312 that can be of any type.
As used herein, the processor 1312 may mean any type of circuit such as, but not limited
to, a microprocessor, a microcontroller, a graphics processor, a digital signal processor, or
another processor. Other types of circuits that can be included in the integrated circuit
1310 are a custom circuit or an application-specific integrated circuit (ASIC), such as a

30 communications circuit 1314 for use in wireless devices such as cellular telephones,
pagers, portable computers, two-way radios, and similar electronic systems. In an
embodiment, the processor 1310 includes on-die memory 1316 such as static random-
access memory (SRAM). In an embodiment, the processor 1310 includes embedded on-
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At 1250 the nmethod includes sustaining a data streamin the high-speed 1/0
trace in arange from5 Gb/s to 40 Go/s. This nmethod enbodi nent i ncl udes
sustaining this data streamrate by avoi ding any pl ated through-hole

coupl i ngs L gh-speed I/Otraces. FIG 13 is a schematic of an

el ect r oni c%@i@ﬁ?@éoo according to an enbodi nent. 15 THEUVERUSWRi ¢ system
1300 as depicted can enbody a high-speed I/O trace that avoids any pl ated

t hr ough- hodie meowpt 131§ suchsas erbedded dnantic tahiiem-dt@sd @eni6S.(cDRAR) tiesbadi nent

t he el ectrgenigac@/stem g@gg IS a conputer systemthat includes a system bus
1320 to el &ct PP EEPFROe P ePPREar i ous conponents of the el ectronic system

1300. The syst dfubehbddideht] the sletiodil] s§sthtid 300 alddcka@ssn tateRmeioRUS S es
accordi ng \t}(rag arious enhodi pents. The 20 el ectronic_system 1300 i'ncludes a

vol t age so § S NG TR A0G Q5 MSERARTMTY elemsnts syitablete &he narticelsr ¢ 1310, In
sone enbodippReition, shéltas\iGhdiRBRmMOBHI S inlB3 @arﬁltarm,zooﬂe% R ha&rﬁdﬁ&@

I nt egrated ci rcw’t 1310 t hrough the system bus 1320. The integrated
circuit 13P¢%i%adier graqrimoss figves digphandleremevableqpedia 48y such aodiskettes, i ncl udes

any Ci r CUidompdt R i@l Hriable ks HIVAOCALHI k&R, Saediment. In an
25 enbodi rrentp, the | nI?LZgrl%t ed 1.t:ali recui t_@LSl% i nclnu%@%‘ya@%? ocegfsgcr)r 1312 t hat
can be of Tsfgvablggecdiglgonady thearte The varinus preponsinetionglities wanybavsapiedtoy t ype of
circuit sugh &8 e\ Qe of d] - ' QGESRPr, a mcrocontroller, a
gr aphi cs proces%rg??ﬁa di S%Fg}éﬁ%%ng??ggé%’ o‘?ﬁ%not her processor. O her
types &8 circuit an evthodinesah theceléotrohia dpstien 13 0tedsoi indladgs atdisglagidevics 1350310 are a
custom ci r,cui &: p.d QR I fic inteqrat circuit (ASIC), such
as a 30 03%1%%1? gg?lﬁgg@'cénragﬁeﬁlbgweﬁ S reie(étsdéﬂ}? ??g\{/ﬁmr 2‘71%83%01 i Oil ch as

cel lul ar t187% puchree 8 keyhmgel siouseotrackbilb gameuntrelar, micnephony, voizeh os, and

simlar el roni ¢ systens. .ln,an odi e t.he. processor .1310 i ncl udes
on-di e rrerlfgt;o(rsém ﬁ?ﬁ%vé%t?{ any othpr device ik FRHS ﬁﬁ@&oﬁﬂﬁ%&ﬁ e%@mw SYSER an

enbodi menti30d he processor 1310 incl udes enbedded on- -13- die nenory 1316
such enbedded . dynam ¢ random agcess ry. (eDRAM that can be a cache
menory ¥ or thegﬁﬁqﬁ%‘g’g’s?ml?’themtegﬁaﬁ ﬁﬁc%hﬁggg?%?ﬂ@ﬂ%nﬁdé%?ﬁﬂﬁ?%@ystem 1300
al so i ncl difftfenamBodinaénms incl RNy HhidB4Red DOlrabdthhiivBidI By pIaCY HiGughne or nore
menory el E&gnts suitable to the particular 5 application, such as a main

menory 13 counlings, P%PIWWWW@“&“‘WHH argomerpaucthodaaf and/ or one or
TP s et AT g St UG, o
r emovabl e2steably thensgkides higspeed VOtree that dvoids ameplated thiroughttiobnal i ti es can be
Coue =8 e oh s SO RSP e o e
devi ce 13¢muvalents. The elements, materials, geometries, dimensions, and sequence of operations
can all be varied to suit particular /O coupling requirements including array contact count,
array contact configuration, such as single-edge, double-edge, triple-edge, and all four
edges being occupied by contacts that are coupled to high-speed I/O traces that avoid any
25 plated through-hole couplings. ' S
FIG. 14 is a detail section that is taken from the section circle 2 depicted in FIG. 1a
according to a solder mask pad-defined embodiment. A solder mask pad-defined detail
1400 is depicted in FIG. 14 that includes high-speed 1/O traces 1434 that may appear in
FIG. 1a but in greater detail. The high-speed I/O traces 1434 pin out to the terminal 1436
30 that are exposed through a solder mask 1444. In this embodiment, the terminals 1436 are
defined in unit area by the presence and patterning of the solder mask 1444 such that the

terminals 1436 contact the high-speed /O traces 1434 at an exposure through the solder
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an audi o out put 1360. In an enbodi nent, the electronic system 1300 i ncl udes
a controller 1370, such as a keyboard, nouse, trackball, gane controller,

m crophone, voice-recognition device, or any other device that inputs

I nformat i ' el ectroni c system 1300. 15As sho ein.__the

I nt egr at eg{;{gip@&sgﬁmo can be inplenented in a nunbe\r,\p%#}ﬁ%f’?gfdé?géﬁt

enbodi nents, including a high-speed I/Otrace that avoids any plated

t hr ough- hahneskdddp! Inmgler wardscthe sldamask spat (SMO)alefinsphi ik aggaharflexone or

nore met ho fabri i an i nt.egrat circuit, and one or nore nethods
of fabrica %%%éﬁ?neﬁ%@%”gﬁgéw f/tetlﬁg't i ncludes a high-speed I/O trace
that avoi ds anyThehighespeddir®trades D48 4eand Ghecsdliet inBgS1 448 aelepited ih herein in the
vari ous enbodi s and their art-re | zed equival ents, The el enents,
materials, 9'6%@3%’%@3 iaﬁgﬁwta?fﬁgg@e é‘f‘lﬁag‘?ff %@Wﬁhgﬁﬁgbsgéfﬁ all be
vari ed §0 90i Thsolderenakiopad-deBneddtddii MO0 MR WhERREBRN LS doffiwalidGo 8wy Ccont act
count, arr %thont ac#r configgr ation, such_as si n(gl e- edge, doubl e-edge,
triple- edé@, -0 A O B RFOCEYYER apush dront Up &b Gve o I ancambodiment, fhee coupl ed
to hi gh- sperer thidR pad- A6@sdido@ll 12006 pdraA0Yn s Rk sdn6 APz Babsiogoup! i ngs.
FIG 14 is a_.detail section that is taken fromthe section circle 2

depi ct ed T8 EOR 2 Pracesior 8t #irangs From 40 Gbfsdad 28446 pad- defi ned embodi ment. A

sol der mask pagi@lafsiingetstictlidn thft30taksh Q&Hiﬂ_fets&%iog%inliik Qdﬁrgiéte& RAkid, pg! udes
hi gh-sPeed | /O traces 1434 that nmay appear in Fl ab I'n greater
det ai | 10 TRecoRdipg tognoadsoldegneskned-de mbodimsot A non-sodder eask praldefid@b 30 t hat

ar e exposqgafi 15619 eficePindat. P%t@gttlééé%ﬁgi _%ggdﬁ/(gg%ggilgﬁ%m;ahe termnal s

1436 are defined in‘unit area ence and erning of the sol der
mask 1444 appeeninttiGt 1atwe in greaiérdatadl. Thabigh-opreddO trdves HilgIpisqeadtht / O traces

1434 at a I ( sol d nma 444 .. .1 n ot her rds, the
sol der - na%ﬁ%%g?]ﬁg %?fegeg]%ﬁ%@?? eaﬁa&“a%?%#é”ﬁ%@ﬁ%ﬂﬂ%’ﬁ%? SlF%gi on of
t he | C paokthgdemnitds 15366s fdt Aefinbdén imigdresipethe plebdicé smbmsterhihigdranrd t he sol der
mask 14-4 e depieted in simpl.ified farmwithin.a diglectrjc nateri al
1245 11t Q@hTsERAE Gihar BechiRed ik Stslrhg solas massee bl ok
Sad- d;a}‘ i nauth diedt ]fﬁelterihﬂﬂms 193Y coest dechighaspedd E?ﬁ@w‘silgsci }ﬂtekﬁﬁ%ujegr% } ow ?
ata-fl ow,rat roma pr.o or.in range fromb5 s to 40 S. n an
embodi menthr @%%&W%@E &é&%@ﬁﬁ%‘&?ﬂg@ SMPs-1 Inoshes pordss s SMO ¢ hi s
cont i gur atétines ixpared freicinsiahapld @ 6l el oAb NASASIRY 10 flcfsgbange f rom 10
Gh/s to 12.8 Gh/s. FIG 15 is a detail section that is takKen fromthe
section cfubgtrate kl"’depi cted in FIG 1a 10 according to a non-sol der nask
pad- depned e i - ' lil:. 1500 i s

b nﬁr%iaspeedﬁ/o %'ace%%ﬂﬂndr{géé&l&@ﬂmg?fg@ g%c%g&%g i

depicted in FIG 15 that includes high-speed | t hat may
appear i nsipplfied fgrm withing digleqriematgdaldiS42 thatie pirt offthe Kepatkage@ubstratees 1534 pin

out 10 { NPt hhifloldd Mk Ba-adtna BARPRRA cldy BUEl if il ARGuliRR 1544 1 1

t hi s enbodi nent,
allow a data-flow rate from a processor in a range from 5 Gb/s to 40 Gb/s. In an

Q

embodiment, the non-solder mask pad-defined detail 1500 operates in this configuration to
25 allow a data-flow rate from a processor in a range from 10 Gb/s to 12.8 Gb/s.

FIG. 16 is a detail section that is taken from the section circle 2 depicted in FIG. la
according to a regional solder-mask open (RSMO) defined embodiment. An RSMO is an
area in the region of the surface of the substrate where no solder mask is present. The area
can be from one to four keep-out zones around the periphery of the substrate. An RSMQ

30 detail 1600 is depicted in FIG. 16 that includes high-speed I/O traces 1634 that may
appear in FIG. la but in greater detail. The high-speed I/O traces 1634 pin out to the
terminals 1636 that are regionally exposed through a solder mask 1644,
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of the termnals 1536 is not defined in unit area by the presence and
patterning of the 15 solder nmask 1544, other than the unit are is snaller
than the sol der mask open (SMD) area such that the term nals 1536 contact

t he hi gh- races 1534 at exposure areas through the solder mask
1544 t hat 5@?3@%.{#2%% than the SMXs. In other words, th&%"@é‘ﬂ”ﬁ’és an area
greater than the pad area on a fl ex-connector region of the |IC package
substrate 112. TheTiph-speeghi/Q fraes 1634Qnti niacsahiel mask HAd atehizperliger nask 1544

are depi cted . i mplJ.fi form wthi di.el ectrijc terial 1542 that is
part of tﬁém?]@egﬁ%n%gﬁ?ﬁ(@gﬁl?ﬁcﬁi‘?ﬁ I%thﬂtdﬁp%?f&h? Id%gagﬁéﬂbs&'étf’i ned

]get ai | 15002nfye REMCedetail mm}ﬂi@opaa{&i?ﬂﬁﬁdnﬁ@raﬁn&bhﬂdwad&alr%w&rhﬁw rat eh
roma prqgcessor in a range.fro S 40 s.. In an enbodi nent, the
non- sol de%‘%%%lzmﬁ?fagrd’é?ﬁi’%aﬁa@t%gfsw elrAng@bodiment, treRIMOd60%t i on to
25 al | osv @pekates i thidWorifidueatioh WIRWL SELAEW Tatt Fromh  FO&Ssof P Raddh fth S0t 0 12.8
Gb/ s. is a detail section that is taken fromthe section

Fl 1
circle 2 %@S@@‘?‘H_SFI G la according to a regional solder-nmask open
(RSMO) def i ned TeeRB&HOES broviidd BRI P whR 3R CIER Iquz?ﬁré 3 n%s‘%gp surface
: e are

of the substrate where no sol der mask is present. [ can be from one
to four k&wIlallornthezeaderdo Auicklyasosesin theamepureind:giss of thosachzical. An RSMD 30

I N

that may appear in F l'a but 1n greate I/ O traces
1634 pith &boit thescopeon meaningaif thelbd®s.t hat are regional |y exposed through a

sol der mask 16 - i . 4 and the sol der nmask 1644
are depi cted iflﬁﬁg?fr?g{%%ﬁge%l%?mw I%T%agﬁﬁgf%%?‘o’r?rg% eea‘ratf’%ﬁ?he{ghﬁ that is
part of t biegle@mbaditnantfosthb ptpasesf Stt@amlififng tRSIckateiThiskth@Rodafy operate in
this configuration al.low a data-flow rate.fr a pr.ocessor.in_ a range
froms Cof ga?%ﬁ%ﬁ “&fotﬁ e Wtﬁmﬁeﬁedeaﬁﬁ%]ﬁfw,m téonliﬁ%ﬁ%el‘g%@e 1 S in this
conf i gur aof the irtventivnlrepira nthaé feafutas\thanakeexpreasly fechédRRadNaiin) RategRge from 10
Gb/s tQ 12. [S. . . The Abstract is provided to ¢ ly with 37 CF. R
7P B iGE itimasederh e a setibst el G 76 DenalCIRts QL8 ki y

ascert ai nsiifle diselbsed@ndbdin@hs THak th%ﬁﬁldvﬂ@%ﬂhiﬁ@'ardﬂe?éﬂy@&!&ﬁratéd intoth$ubm tt ed
with the Bg&?@andi ng that it will not be used to interpret or 10 limt

the scope GSFTRYI08¢ with, gach clym standing on its own as a separate preferred
embodiment,

It will be readily understood to those skilled in the art that various other changes in
20 the details, material, and arrangements of the parts and method stages which have been
described and illustrated in order to explain the nature of this invention may be made
without departing from the principles and scope of the invention as expressed in the
subjoined claims.
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In the foregoing Detail ed Description, various features are grouped
together in a single enbodi nent for the purpose of streanmining the

di scl osure. This nmethod of disclosure is not to be interpreted as
reflecting an intention that the clainmed enbodi nents of the invention
require nore features than are expressly recited in each claim Rather, as
15 the follleMM® clainms reflect, inventive subject matter lies in | ess than
all features of a single disclosed enbodi nent. Thus the follow ng clains
are hereby incorporated into the Detailed Description, with each claim

st andi ng &vhatisclamediws a separate preferred enbodinment. It will be readily
understood to those skilled in the art that various other changes in 20 the
details, material, and arrangenents of the parts and nethod stages which
have beenldescpnbigudndpit! (LYt parksgt hdohitdcdre OO afXiplegiated! fifcuitapatksgeof this
i nvention nb'g be made. wi t hout departing fromthe principles and scope of

t he i nvenfYosHAtELOBPHSBEsed in the subjoined clains. CLAIMS Wiat is clai ned
is: 1. An i npubs fitdgRatbd irdid IOPFICRER AbGHIS B anGhtegitcd He@pRda@& Ci rCui t
package substrate, conprising: an integrated circuit (I1C) package
subst r at (IR fagiprg om A diensidathercali anbat spreader (1 HS) footprint on a

t he-si de theregf y/oand t b i to be
di sposed i nsi dgﬁ %/he I ﬁéo F%%J?f)‘rwlh‘ﬁtgn Kméhq%%gléﬁo?ﬁgl@#&d\:ﬁrsgggﬂ?%% gﬁ srﬁlgf pi n- out
term nal whersingbe VQdracefiichudet ppinrut tesminalLipiitside the dHS IfGdtpintite eouple foendi sposed

out si de t : torint a ' he 1/0 trace | apabl e

Cransm t ¢ gt & 38 uRpudl oBRNCHREHE Rolere dad whirft Bne T SRRER EfesBlseor

f oot pri nt rathitting H4la Betwieer ait IC devitowdeatdowmitddsinside tHedHSHSothamt4atiafICat a
signal rate.bet n 5 Gb/ n Q Go/s. . 2. The |/ O archjtecture_qof claim
1, wher eié‘F"f‘?‘?éOB'?e -"E}ﬁ‘ilo'ftéi%ﬁ?f}‘?gﬁ ifgomgé’@ﬂﬁa?hﬁt‘ﬂe@gg@%\g@ rate die
side. 3. The I/O architecture of claim1, wherein the I/Otrace is an
integral netal _line. 4, The I/O architecture of claim1, wherein the I/O
trace i ncdudesThe KR aeshifeurs of plaim heavherein theypin-ppicterspingliis dispaspdonpthe dCaj m 1,
wher ei n theiddeQhdihfGte 8¢/ udes a mcrostrip disposed on the |C device

package substrate die side. 6. The 1/0 architecture of claim1, wherein
the 1/0 trace is an I/Ofirst trace, and wherein the pin-out termnal is a

Second t rhce. t DR BRunechiE bl A HTR biisod i kel g ' ©

footprint;

4. The I/O architecture of claim 1, wherein the I/O trace includes a shielded stripline.

5. The I/O architecture of claim 1, wherein the I/O trace includes a microstrip
disposed on the IC device package substrate die side.

6. The I/O architecture of claim 1, wherein the /O trace is an /O first trace, and
wherein the pin-out terminal is a pin-out first terminal, the I/O architecture further
including:
an I/O second trace to couple the IC device to be disposed inside the IHS footprint;
a pin-out second terminal outside the THS footprint to couple to an IC device to be
located outside the IHS footprint, and wherein the pin-out first terminal and the pin-out

second terminal are disposed parallel to an edge of the processor mounting substrate.

7. The /O architecture of claim 1, wherein the pin-out terminal is part of a first
-17-




a pin-out second termnal outside the IHS footprint to couple to an IC
device to be | ocated outside the IHS footprint, and wherein the pin-out
first termnal and the pin-out second term nal are disposed parallel to an
edge of the processor nounting substrate. 7. The 1/0 architecture of claim
1, wherein the pin-out termnal is part of a first -17- term nal array,
and wher eitexmirab afray, ahd tvaerginnthé fiest tainab awgnik icgnfigdeddlonganedge dfehedlC t he | C
package sub trat&. E% The I/ O architecture of claiml, wherein the pin-out
termnal PEBBF O™ first terminal array, and wherein the first terminal
array has a pin-out termnal |ayout selected fromsquare pitch, staggered
pi tch, hexagonal pitch,. and face-centered pitch. 9. The I/O architecture
of claim¥ whdbel9 praiteciye of clai, by whgremn sheypintoup terminal is part of gifirall  arr ay,
wher ei Nt B8mfal Stay! BAdTWAGLInGRE Akt tePmfRMAdH HE Y pi-00GeAnAdSgRuPleldce | C
package substrate,” the I/O architecture further including: "a secon

term nal Epmaguale pitels stdegarastijich, hexagnmdl pitthcandtfaceusnte®dmichage substrate.
10. The 1/O architecture of claim1, wherein the pin-out termnal is part
of afirst terminal array, wherein the first termnal array is configured
al ong an 2dge ®he {/fearchitgotnrk af elagnls twhetedn thehgindohOtemanitial isepdrtiofa ffixstt her

i ncluding, . a second term nal .array dispased.along a secq ge of
the IC pat(,@f%‘é%l Yl st &}fnﬁrs WaLa?%'eisf?cﬁlgg"Fg Tt ﬁcfgea‘ifn ﬁggt he
second t eparkie substiatey the/OD gichipefedfivthertinéladihgl edges of the |1 C package
substrate. 11. The |/ Q architecture of claim11, wherein the pin-out
terminal is paftecepd t&"‘?‘i“;]sqﬂa?’élfsﬁ?sﬁglaloég paseond gdacnfthg Kepackagesubstfate na
array is configured along an edge of the |IC package substrate, the I/0O
architecture further including: a second term nal array disposed al ong
a second HHge Bie VRearclitephira akyelainy s wherein, the rin-phteteaninak isepart ofsa firssr i nal

array an tnm?]s n o, i .S t.ho fAacent
edges of dt'Emhe Cﬁggt%gglg suggﬂgrt?g{ e. ali‘érfay%ifﬁec%ﬁﬁ ﬁ%@%e@t%&ga&&ﬁ% (gi m 1,
wher ei n tiaekagesulstratet the HOnarthitestupeafuttharfinduding:st array of pin-out terninals,
wherein the first ray. i,s_configured al on n.ed t he |1 C device
substrate, thée ﬁef@%z’itf 1&5‘?&5@%&?‘?‘2’% aisﬁ%@ﬁ?ﬁg&%&@e@%ﬁ@eﬁ % sposed
al ong a smdovidrednighe fivft tétheind] Grrdhewid e S¢006d fedinfal m@eah;)ésédaf%@auedi sposed
along a third ed of the | C device substrate. 13. The I/ O architecture of.

claim |, SAgeyofitar Rackass siirateer i nal is part of a first - 18-

11.  The I/O architecture of claim 1, wherein the pin-out terminal is part of a first
terminal array, wherein the first terminal array is configured along an edge of the IC
package substrate, the I/O architecture further including:

a second terminal array disposed along a second edge of the IC package substrate,
and wherein the first terminal array and the second terminal array are disposed at

orthogonal adjacent edges of the IC package substrate.

12. The I/O architecture of claim 1, wherein the pin-out terminal is part of a first array
of pin-out terminals, wherein the first array is configured along an edge of the IC device
substrate, the /O architecture further including:

a second array disposed along a second edge of the IC device substrate; and

a third array disposed along a third edge of the IC device substrate.

13.  The I/O architecture of claim 1, wherein the pin-out terminal is part of a first
-18-




termnal array, wherein the first termnal array is configured along an
edge of the | C package substrate, the I/O architecture further including:

a second term nal array disposed along a second edge of the |IC package
substrate; a third termnal array disposed along a third edge of the IC
package substrate; and a fourth term nal array disposed along a fourth edge

of the | Cepninkhemays wheraimilke firsy terminal apey Isocanbigured |slapg aaedesof the dBi t ect ure
for an i t ' i ' . _conpri sing: an

i nt egr at Q%a%g%gécsﬁﬂz{n%ﬁ%é%%@%%%ﬂ@aggﬁ%@gﬁlﬁ%& udi ng an integrated heat
spreader (HS) #&embpd tenhinahareaydiisposddddorighacscemid;edganol the IC packngd substtatgce
coupled wth . an I.C.device to,he dispgsed insi t he | footprint, wherein
Cher 170 14 bk Yimira) G S e s BRARS ofde K ensRFar e B o e o
coupl e to an | &fehaitamiiad aksy dipebsaondatontt edgdyf tHHB faokige subktrateand

wherein the pin-out termnal is a detachable connector termnal for a
flexible signal-transm ssion cable. 15. The |/ O package architecture of

ol ai m 14, 11her £ Mnpliulph (V0F Gcksbe CARR RO forl & AEEAEA Wikodlf{ciagt veen an

| C device to be di'sposed insi e |HS footprint and an I C device active
devi ce to be |wbsiratel cogpEsiaE the | HS footprint at a rate between 5 Gb/s and

40 Go/'s, wherejn. | - a@i&.e@ | ol : h m nal
for a flexible si {ge%‘é&iérhé’ﬁgmy on gg l?%%ﬁé{z@fﬁ%ﬁt?ﬁe%@%@%ﬁt%rg%ﬁ nal is
di sposed (@GS} foetprif prexdiageleshdredfyatde di e si de, and wherein the 110 trace is

an integral net l,ine. 6, Ihe | architecture.of .cl ai wherein the
o ot ot or i van VOt goutelt wit S 1 Qefiod o be b Shyids e g TootiSE 51" The
: / O ar chiwmiiu m/m naéeﬁihalu&éb,a pﬂil-@tlﬁlieﬂnl ihm)utsidamt?]é EISdeoﬁntl;TﬁﬂtO} dghgﬁrtahn met ial g
ine. 18. The | rchitecture of_claim 14, erein the | trace incl udes
L ohi ol a0 e 5p b Blsposed Sute o 1S OMIEE Ghd MBSRID e FIHPU ATV ICE n ¢ he

lj( Ot Fgcﬂe{a@ﬁéw@&%n&t@t%ﬁﬁélrfbﬁ 1Ex310 §igsh1 MAndrhiSsidf caBRY | Ce package substrate
I e SlIadae.

15. The I/O package architecture of claim 14, wherein the I/O trace is capable of
transmitting data between an IC device to be disposed inside the IHS footprint and an IC
device active device to be located outside the THS footprint at a rate between 5 Gb/s and
40 Gb/s, wherein the pin-out terminal is a detachable connector terminal for a flexible
signal-transmission cable, wherein the pin-out terminal is disposed on the IC package
substrate die side, and wherein the I/O trace is an integral metal line.

16. The I/O architecture of claim 14, wherein the pin-out terminal is disposed on the
IC package substrate die side.

17. The I/O architecture of claim 14, wherein the I/O trace is an integral metal line.

18. The VO architecture of claim 14, wherein the I/0 trace includes a shielded
stripline.

19. The I/O architecture of claim 14, wherein the I/O trace includes a microstrip
disposed on the IC device package substrate die side.
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20. The I/ O architecture of claim 14, wherein the I/Otrace is an I/O first
trace, and wherein the pin-out termnal is a pin-out first termnal, the
|/ O architecture further including: an I/O second trace to couple the IC
device to be disposed inside the IHS footprint; a pin-out second

term nal outside the IHS footprint to couple to an | C device to be | ocated
out si de t R& NMsThe dCharchitectuae df olhion &4,rwhdrein ghanl/Outtact iy art V'Ocfirsti trvacke, andld t he

pi n-out s r i.SpO d e t he ocessor
rount | ng Sapeh tECAhaR e 500 BiteR iR inal R84 ARrerR RS or "o
i nt egr at ethchidingui t package substrate, conprising: an integrated
circuit (10 pa supstrate incl an i t.ed, h reader (1 HS)
footprint on a’mm ﬁ‘gg?‘ﬁé?ﬁ‘d‘fphe& s ‘gﬁeﬁo/bﬁ%ﬁpg? ctsﬁbﬂécﬁﬁq’i‘an | C
device to be dhpfcsiededons tei@irah@utditiiSthe THE B6d tw\b&fpwtaahhedé&&t‘orbece

i ncl udes a gtln out. term nal outside the |IHS tgﬁl nt to couple to an IC

devi ce t olopaiediputsigs de iR foogprmtrad IW@W‘%&WLPWP‘ ha:nmn anghide ithoythe
pi n-out t&'&@ﬁd‘t@imjhﬁag@ﬁlk édgame%@é&fa(geeme r®B&Br AbGink ukkna@! der mask

di sposed on the I C package package arc |tec1 ure of claim 21,
wherein the pin-out termnal includes an exposed area that equaI s the open
area int o) Egf'age r chi. f. m 21,
wherei n the pljr}gde% 1“{%21 tﬁfff))l nglf"{%é an exp(f)‘(%e%[p lﬁtg%%tt%ﬁil ctu% épsaﬁagFer t han
t he open swbsteate, compesisgl der mask. 24 The 110 package architecture of
claim 21, wherein th termnal, incl.u an exposed. area d voi d of
sol der mask an®h YPH&R ff(isjcl’ﬁ?gg tpaﬁlgna@ﬁdul?ﬁnﬁﬁ%ﬁﬂaf’%a?Hﬁggr?(t&gbeadﬁi’re es on

t he subst(@HSefootpriat onld\dielsidothaedfage architecture of claim 21, wherein the
/O trace is capabl e of transmth&ggdata bet ween an | C device tq be

mount ed i nsi def e taes fosuple; with ammIC devieectoddispesedgngide Fl’ScIﬁItSefBO‘@H@Tsl de t he
HS 00t pry;kkreif theAl/© b8BAhcInALsS: ﬁﬂ%\ﬁﬁ%ﬁnﬁal%s?dcﬂﬁ@ﬂ@f rift t 1LhG

archltecture of claim21, wherein the pin-out term na Is a detac abIe - 20-

connect orfCrdeig trabe disnosed W@dﬂbﬁ&ﬁiﬁg}mﬂliﬂﬂénsm ssi on cabl e.

wherein the pin-out terminal is defined by a factor of an open area in a solder

mask disposed on the IC package.

22, The /O package architecture of claim 21, wherein the pin-out terminal includes
an exposed area that equals the open area in the solder mask.

23. The I/O package architecture of claim 21, wherein the pin-out terminal includes

an exposed area that is smaller than the open area in the solder mask.

24, The /O package architecture of claim 21, wherein the pin-out terminal includes
an exposed area devoid of solder mask and that is present along from one to four keep-out

zones on the substrate.

25. The I/O package architecture of claim 21, wherein the I/O trace is capable of
transmitting data between an IC device to be mounted inside the IHS footprint and an IC
device to be located outside the IHS footprint at a signal rate between 5 Gb/s and 40 Gb/s.

26. The I/O architecture of claim 21, wherein the pin-out terminal is a detachable
-20-




27. The 110 architecture of claim21l, wherein the pin-out termnal is

di sposed on the | C package substrate die side. 28. The |I/O architecture of
claim21l, wherein the I/Otrace is an integral netal line. 29. An

i nput/output (1/0O package architecture for an integrated circuit package
substrate, conprising: an integrated circuit (1C) package substrate

i ncl udi ng cemnectot tegminzabfdr h detibkpignabieansission chldet pri nt on a t he-si de

t her eof ; an 1/0 first trace to couple with an I C device to be di sposed
inside the IHS footprint, wherein the I1/Ofirst trace includes a pin-out

first terarnal Thel4 siehitdetird HSclhiap? Rrwhidteid theqnphitteintingls ispsked b ¢hel 0 be

di sposed ?(gtside the |HS fpotprint; an I/0O second trace to couple the IC
devi ce t olbBakeeyBLsPts Aigisile: t he | HS oot pri nt; a pin-out second
termnal outside the HHS footprint to couple to an I C device to be |ocated
outside the IHS footprint, and wherein the pin-out first termnal and the
pi nt - out 3&condbe EPrarehitecturef glaip 3¢ cuhasein she IAP trags is an intggaal sretalhise.pr ocessor
nounting substrate, wherein the pin-out first termnal and the pin-out
second term nal are part of a first termnal array, and wherein the first
term nal 39.r ay Ainsinpotidutpnir @) apaskageaarchittgburo ffort he in€gzated keigwitspdskageat e; and
wherein the fi Lttrli€" Lhal. array is configured al ong an edge of the IC

package subst rate TPYRES1/0 architecture of claim 29, further

i ncl udi ng: an intepeated cirduitr (D0 peckager sapstaiteSinciadinlg ah ditggrated beangreadige of t he
I C packagéﬁgg%strate, gil}er.%itg the first termnal array and the second

t erm nal °§?"é‘t8?§ S¥F '4F°Par al 1 el edges of the I C package substrate.
31. The 1/0 arghifetitsditcOdto ehailénvih af UC tdadice ith BeUflipased inside e $gSONd
term nal array di sposed al ong a second edge of the |C package substrate,

and wher efoRtprib whereip the Q) fiist trape inpludey 2 iirodefitsh ermisihoside ghe S ar e
32 The. | TOTERL{SRRERRe BPICHERE (S HEBRpBL biigal (S fRapram, st rat e -2
an /O second trace to couple the IC device to be disposed inside the IHS footprint;

a pin-out second terminal outside the IHS footprint to couple to an IC device to be
located outside the ITHS footprint, and wherein the pin-out first terminal and the pint-out
second terminal are disposed paraliel to an edge of the processor mounting substrate,

wherein the pin-out first terminal and the pin-out second terminal are part of a
first terminal array, and wherein the first terminal array is configured along an edge of the
IC package substrate; and

wherein the first terminal array is configured along an edge of the IC package

substrate.

30. The I/O architecture of claim 29, further including:

a second terminal array disposed along a second edge of the IC package substrate,
wherein the first terminal array and the second terminal array are disposed at parallel
edges of the IC package substrate.

31.  The I/O architecture of claim 29, further including:

a second terminal array disposed along a second edge of the IC package substrate,
and wherein the first terminal array and the second terminal array are disposed at
orthogonal adjacent edges of the IC package substrate.
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a second term nal array disposed along a second edge of the |IC device
substrate; and a third termnal array disposed along a third edge of the IC
devi ce substrate. 33. The I/O architecture of claim?29, further including:

a second term nal array disposed along a second edge of the |IC package
substrate; a third tem nal array di sposed along a third edge of the IC
package suBst r dkhe;/Qiardhitectuneof dlaitne29yfimther inchudipgdi sposed al ong a fourth edge

of the I C pack .at.e. . An i nput / out.put 0),~packa )
architecture f %?S%ﬁinﬁlqﬁ{"égélaatﬂgﬁ %gsf’?sceai#onge?cﬁ?ﬁ(&g %ﬁ%& g”&t“é,‘%?f‘&ﬁg‘ﬂ%“‘&?‘ﬁg:

an integrahéd circuit (1C) package substrate including an integrated heat
spreader (IHS) fopotprint on a.die-side thereof; n 110 first trace to
couple with an alt%“&s\‘/'u" 1Wyﬁéspﬂ?egﬁiﬁ’éémfé?‘ﬁéom’élplf%“%&bﬁﬁtﬁt, wher ei n
the 110 first trace includes a pin-out first termnal outside the IHS
footprint to couple to an I C device to be di sposed outside the |IHS

foot print 33an Thelarehitechureiclain 20olugher inpladipgs devi ce to be di sposed
[ i de the | HS,f AN : Pk ' ' .he H'S
I nside the a's@Qn8 tdritinal array disgdséll 416 se?%%&%ﬁﬁ%ﬁ@gécktgg% ﬁt{b%%té, €

footprint to couple to an IC"device to be out sI
footprint, andaukied teiminalmerapdispesed afong g thitdeedge nfithe 40 grackiage pibstrasejtand econd

termnal are di aﬁagBﬂE L. of t.he 06eSSOr _nount i ng
substrat e, a¥ e(rateln 1%@%@;%3@5‘1{)??%?0@@ %%ﬁ[]%%p?c% epﬁuﬁ- ¥t second
termnal are part of a first termnal array, and wherein the first term nal
array is nfigured al on ed of the | C package substrate, apd
wherein tR& fi W&?%%igl&@r)r%%ﬁ?gae TEHECyE E‘Ef & dnfgealed cdpat Rackage | C
package ssubstritatcdmprisigp- The 1/0 architecture of claim 34, wherein the 1/0
first trace is capable of transmtting data between an | C device to be

di sposed i nsi dat #FeErgtpsciryd (fr) packagesubsirafedngluding an dntegroted heatispreades be
| ocat ed Oﬁiﬁﬁﬁ%ﬁrﬁ?oﬂﬁﬁeﬁs@&ttﬁ,&&w at a rate between 5 Gb/s and 40 GB/s,
e

wherein t pin-out termnal s & detachable connector ternminal for a

flexi bl e si gnain VOafisshitease ém countié avithwire @ idevich ¢o e rdisposed insile theddSnal i s

di sposed i I d nd . wherein the, | first

Chshosed Rl BRSAESD FHPTALAE P a il AP SLF okl Hs
footprint to couple to an IC device to be disposed outside the IHS footprint;

an /O second trace to couple the IC device to be disposed inside the IHS footprint;

a pin-out second terminal outside the THS footprint to couple to an IC device to be
located outside the IHS footprint, and wherein the pin-out first terminal and the pin-out
second terminal are disposed parallel to an edge of the processor mounting substrate,

wherein the pin-out first terminal and the pin-out second terminal are part of a
first terminal array, and wherein the first terminal array is configured along an edge of the
IC package substrate, and

wherein the first terminal array is configured along an edge of the IC package

substrate.

35. The I/0 architecture of claim 34, wherein the I/O first trace is capable of
transmitting data between an IC device to be disposed inside the IHS footprint and an IC
device active device to be located outside the IHS footprint at a rate between 5 Gb/s and
40 GB/s, wherein the pin-out terminal is a detachable connector terminal for a flexible
signal-transmission cable, wherein the pin-out first terminal is disposed on the IC package
substrate die side, and wherein the I/O first trace is an integral metal line.
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