;e3e}-z(()t+@Q+<,6,T-V 4 1 H GH DENSITY DESI GN FOR ORGANIC CHI P
GARRIERS Background of the Invention 1. Technical Field This invention

el at.es generally to the attachnment of integrated circuit devices to
printed circuit boards. More particularly, the invention relates to the
attachnment of sem conductor integrated circuit C) chips to printed
circuit boards utilizing an integrated circuit %hcn;gaggoa wherein al|#*
si gnal and power connections are nmade via the |nte ircuit i nt egrated
circuit chip carures pAnsBReksHaend rORt iﬁ%? é%} rcuit chips are
readily incorporated |nt% their |ntgg dl!Z |g% 3! ARGARBRt s when the
integrated circuit chip has been installed in an integrated circuit chip

carrier. A typical chip cgfdlflouRlzo¥ikd an i i nt.erface between the
integrated circuit chip éﬁﬂ—fﬁ%‘%LTCUTEE%KEHTF“%&fgprOVIdIng el ectrical

i nterconnact irgRent 0. @f ;S P or external devices. Organic substrates for
use in chip carrrers have been used and continue to be devel oped for many

appl i cations. %ggge ?& fates are, exp ct tore Iace ceramc

substrat es, partlcu In chip car?| t&hF 6néttagknent jwr oved
electrlcahngg f-or ggn | ower cost. Fbmever the use of a nmulti-Iayered
i nt er connect étructu?gngﬂﬂ:cpaécgﬁ g dﬁﬁl %ﬂmcﬁrE&FFlé@ar@®r More

hi

(o]

i nterconnggt-t NG, A4S ctor p._t rinted circuit board in an
electronlg package ?ﬁg ugegeﬁa cﬁ%ﬁqt &9 thReabfaghinemt isf t he ampunt

i
n
y
of space Lequbrgd el ectrical sign circuits wwthin the chip
carrier. As senlc%ﬁﬁﬁgfggx%ﬁageﬁnﬁ t7 %U? Gi (FPGFSCBGnPélnﬁmtrease beyond
ada
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the capabihity;pfpp ral. | vices and as the trend towards
‘'semi conduct or éhlp i%%Pﬁﬁf%t &d TR 95F&- G nfAF aRiE | 9% on cont i nues,
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area arrayaipt grcopneg the red nmet hod for meking | arge nunbers

of connections bét weenél% ;%em céﬂﬁ%: M 1 ANF Tafd"BRC B gani ar e higsiecar ri er,

and betweenat pg oIﬁggggé(gy er nd a rinted circuit board. A typlcal
chip carrier i ncl udes tiop%§%§§ %el Py e} cTrdusc chip carrier.
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2. Background Art

Integrated circuit chips are readily incorporated into
their intended working environments when the integrated
circuit chip has been installed in an integrated circuit
chip carrier. a typical chip carrier provides an interface

o between the integrated circuit chip and the circuit board
by providing electrical interconnections to off-chip or
external devices.

Organic substrates for use in chip carriers have been
used and continue to be developed for many applications.

These substrates are expected to replace ceramic
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bottom surface. (The ternms "top" and "bottom' are used only to
differenti ate between the two surfaces, and do not specifically refer to
the orientation of the chip or carrier when the structure is nounted on the
printed circuit board.) The top surfgce GL?tEﬁ%ihzgﬂgarrier has an array of
bondi ng pads which are arranged in a“pattern-that corresponds to the
pattern or "footprint" of the input and output pads on the chip. The bot% om
surface of the chip carrier has a second set of bonding pads which are
connect ed F&SERBLEFr sPaskicwiaiyndnnghiadsa byl erhpopdhert Asns A ddy ough- vi a
is a. (usually) cylindrical hole extending through the thickness of the
chi p carritér *grYoVed| eheet miaadl memfivendmte muthomercopper, that acts both
as an electrical and a thernmal conductor. The through-via provides a path
of el ect r FiO4FVEBENdERE | @9 et weewnlt helayiyrdnithtiheoahest ricalcGidCui t

patterns |ocated within internal |ayers of the chip carrier. The drilling
of througk“fhadsi Ant pedamiq idripi saar tennUivappreaebnused i provi de si gnal
ground and power interconnection nmeans. However, drilling all through-vias

utilizi ngS&MiFABEYE YT sthanddred agpirinpad tenruisubbaas ke Control | ed
Col | apse Chip Connector (C4) solder ball grid, as would be necessary for
conpl et e §LERAFONEE opmckagend nyowdncentrrgoRMRLl LAGSs , FEHIides,dk | 1 ng on
an extrenely narrow pitch (e. g., a 9 ml or less pitch). In order to
enabl e aliSsfFhRapmoirlesof reseapeqthraligietiencbasset schetwegn the drilled

holes, a narrowwre (e. g., less than 18 mcrons) would be Trequired.
Desi gns WFEHCBUER wirhig thepickapl yaresadt in very | ow usabl e product
yi el ds. QO her designs have been proposed which i ncorporate wring

channel s and af8egerehtéraiudigir dhpp otgss fomtpapar ate) ths,tdy ough-vias from
signal circuits. The signal wires in these designs have widths as small as
14 ni cr ond CHBARY ePeYRuE Fhe cepgb bitnctf meetiphedali reshd eshst-ance
specificatigns. Also, in order to achieve the 14 mcron wire width, the

pl ating i A"Ehdst Hrdugirnd &evwesdaesesiamidurteer yhi hi and @ritdhedgor der of 2-3
mcrons. This relatively thin plating results in deficiencies in the
thermal afigFCBit Ppzed riigylatproper téres oot inhest hapagheiza. The design
approach taken in this invention results in the signal wire wi dth being

i ndependenPtBF CPhRepratast ttheonyght ¢rotasl (RTHpdpEat i mokirhj akress. Thus, there
exi sts a need for an efficient and i nexpensive way to increase the

packagi ng"dBRETE yof tFRIEdorEche tyraTT or memceondnck dhectdevizea kel iability
of a chipo%arrier stfructure. An el ectronic package that y includes ,a
mul ti | ayeP PACEF cOnMRCT? ' Stirdet AP RefMeeas tha orgamic othip ceartier, and t hat
provi des wiking gbg@q;ls thnough whi ch el ectrical signals can be routed,
can substantial Ty i ner eadsttie®a2 ity of interconnections between the

sem conduct or gh{f Eﬂg.t@F organic chic carrier., and between the organic
chip carrier and the o ©7*P cdrrier includes a top surface and a

: i bottom surface. (The termé “toﬁ” and “bottom” are used
only to differentiate between the two surfaces, and do not

specifically refer to the orientation of the chip or

carrier when the structure is mounted on the printed

circuit board.) The top surface of the chip carrier has an

array of bonding pads which are arranged in a pattern that



printed circuit board. Furthernore, it can enable design of the electronic
package to significantly inprove electrical performance. It is believed
tthat such a structure would constitute a significant art advancenent. _
Summary of the Invention The present”inventkg @Wozggss a structure for a
chip carrier which includes placeme of t 3& -lv in locations which
are considered "off-grid," that is, they i are not in a location, when **
di sposed in the interior of the chip carrier, defined by a typical grid

coor di naferovespondy patimey hairskenbyRet8sall g 4 yoygh- \{inas in this manner
al l ows grouping of electrical signal traces into wring EREMANE which are

placed beoumen paw (s cugh s, IE s A1 bring changel s, Lur e, all o
product sebesi Indy antaiel ducThe elastad ol tgu e st onals are
unthr Somnects oo Wi el 1| et LABKUEE, PRLIA,EL SOt opllY
Thus. "the kmeiai oale Sel 6 261 p0LH LA Loy Dall &g oL angerent vher
o1 2 patbesrnsGaa.<08 bhe poLAAD Sitace MRy be smlar Lo thal of
surt ace mmpnepraseri.ch SLORLLeant S fersnge from thal of the top T

pattern aid the:HmaUrdAGE (8, J- fan-out pattern or fan-in pattern,
respectively). These tcr ansgosfti o%lge ntg{}oﬁlé’%r gé?i PrResfedra repiifal , or sone

{conbi natd Dre1dhar8efa1 RWLENEL i oA Si hrough-vi a connect to nore than
One mcrovia, or vice versa. 1Ql'he r%?éue%nttgte Fﬂéptﬁ?‘atﬁ@vi as to array

pattern dlecatdions caRReragsepPlished. idizi blind vias drilled through
an external dielectric | aygr whi ch hasal&tt')egeh%gg%?i lelat?’f)n?%el@fﬁﬁ carrier

after the throughpvicasrhave begn @riiihl; d d._ The external
dielectric layer will tent and/or fHﬁf%%ng?hgﬂ%ﬁﬁgngﬂa%r“hdﬁyérray pattern
t hr ough adirasierlitemnabiiehyapbResa, Rldnd Y be, fornmed using
techni ques well known in thep%rt, incfgdfﬁgﬁfggg%eé%ﬁgyﬁﬁgﬁﬁﬁ%ﬁha et chi ng,
nmechani ¢ald drdwdr ngreeeophetordia@ing.. According to one aspect of the
present invention there is provided an integrated circuit carrier structure
i ncluding a Eﬁwﬁw&tedda$$eﬂﬁ@yalE&hﬁohgﬁiO§£§du@§ﬁﬁﬂﬁg¥ conprising: a first
surface; a second surface substantially parallel to s dfirst surface; a
first tW6KHFﬁEWSﬁ@ﬁaﬁaadr@yi@fp£mm$ﬁ@tspaﬁsagrggguggkgf%faé“ rst grid on
said first surface, said first two-dinensional array of contact pads
cor r espérdilFgpeco CatpaFrayeofof | (@) contiaet baBEMer 3 f s GROKACH NG a first
substrate; a second two-di nmensional array of contact pads arranged in a
second @ﬁQT%ﬁéﬁyaﬁérséemphesgnﬁaga;,sgkduﬁ@pQﬂdangmginensional array of
cgntact,pads corresponding to an array of second contact nenbers for
cont act iy SF SCBE6RE 1 snBst Fewet rashcrughiugasn virt hist aid StLucLyr e for
connectiQ%C%F%pective contact pads on

P €.9., a 9 mil or less pitch). 1In order to enable

g‘

all signal wires to escape through the channels between the

drilled holes, a narrow wire (e.g., less than 18 microns)

would be required. Designs with such wiring typically

" result in very low usable product yields.



—+he first and second surfaces, wherein said through-vias are horizontally
positioned off grid relative to contact nenbers selected fromthe group
consisting of said first contact nmenbers, said second contact nmenbers and a
‘conbi nation of said first and second scont afh rmg‘gezﬁ and further wherein

- each of said through-vias extends al ong a straight Qae fromsaid first
surface to sai'd second surface; and - 7 - conductive el enents which »*
connect the corgiggfponding contact pads with the through-vias. According to
anot her aspectcéf-thQQS% 8€n aY?nRé%ﬁ BROPABES Yikiqdy dwicdegozapei nted circuit
board assepl; riskng: sem conduyctor integrated circuit; a printed
circuit boar&*mggﬂgﬁ%%gfa?gg Titeanentiat rhetld eranesst tngstparseri conduct or
integrate | Gyl o the printed circuit board conprising: a |ayered
structureqﬁgifﬁgk%g i V8RS stFPRACE IR alseebind sdiheasegaabskantial )y
parallel t id fi.rst surface; a first two-dinensional array of contact
pads arrantglﬁ (r%eglpf]?sgab‘?i‘ﬂl%ﬁlssé‘ﬁds‘f‘ﬂ]sta%uﬂf aderofsi d fibhsber
tmo-dinengjgﬁguiatray of contact pads corresponding to an array of first
contact nenbers ‘fOFIcBAY 2% Mifed FrAYiredibstsiatenca second -t wo- di mensi onal
array of gﬁﬂkggg gﬁgs arranged in a second grid on said second surface,
sai d second two-GFheRSFondtl %t r dp efdewritactchpads eherespendisly to an array
of‘secondwgggt%ct Henbers for contacting a second substrate; through-vias
within sard stragk ret??np%ﬁﬁﬂﬂgcﬂﬂn§h¢é@p@m@hveiagni@cﬁe@ggg%f%ﬁdthe first

‘and secongeﬁgrLsces, wherein said through-vias are positioned horizontally

of f grid relatrva’t o®toMa@rdsenbér3-Salieutond . f ron hee GH1OMR: 16PNSi sti ng of

sai d firsghggntﬁcg.nenbers, sai d _second contact nenbers, and-a conbination
of ssaid first and $eeoritPUdift a8t dpbhbiansiekoint tiee ptiiqase of,draxi m zi ng
availableewggtg? cgannel vol une, and further wherein each of said

t hr ough- vi as ext ends® ZIRiTg *& 5sPF af lghtthirionehf rbm saiitk fddsigrsur face to said

second sug%gggé ﬁnd conductive el ements whi ch connect the corresponding

contact pads W th %7&??IﬁPo&§H§vi%ﬁﬁn9%9@0ﬁ§Sngt$cﬁmtdﬂd dAreisher,;aspect of

the presept ;invention there is provided a
p Diath Sélng in ependentpof the plated through hole (

PTH)
plating thickness.
Thus, there exists a need for an efficient and
lnexpensive way to increase the packaging density, the

electrical performance, and the device reliability of a

chip carrier structure. An electronic package that

i . .
ncludes‘a multilayer interconnect Structure such as an

o . . . ,
rganic chip carrier, and that provides wiring channels

through which electrical signals can be routed, can

substantially increase the density of interconnections
between the semiconductor chip and the organic chip

carrler, and between the organic chip carrier and the



met hod of constructing an integrated circuit carrier structure with a
l,am nat ed assenbly, wherein the | am nated assenbly includes first and

second substantially parallel surfaces, conprising: 8 arranging a

t wo- di nensi onal array of contact pads_in f'gﬂ;1g bﬂ on said first
surface, said first two-dinensional a5raya1)15 taz gads corresponding to
an array of first contact nenbers for contacting a first substrate; *

arrangi ng r.ggéginensipnal array of contact pads in a second grid on said
second surface, “Saf i SetlorkPatsb- dFERBeBIRYE aritayanf exaint @cle g3ahs

cor respondij gthg an arra . of second contact nmenbers for contacting a second
substrate; forfrn ??ﬁ%ﬁﬁhﬁ\ﬂ%ﬁ?aﬂﬁtﬁPnS%Sﬂ%fi§@nQ¢YUimpdeE connecti ng
respectiveeign%act ads on the first and second surfaces, wherein said

t hr ough- vi 85 8r &1 pdsi R ohEdamseE- zoRt al $ yoedfifevgdi thael aidive, t o cont act

menber s selgcted fromthe group consisting of said first contact nenbers,
sai d second"tBNtREE YrehskeonssAguEe conpiandtiioanof asai sividriceheand second
contact nenbers, and further wherein each of said through-vias extends
along a straight line fromsaid first surface to said second surface; and

i ncorporating conductive elenments to connect the correspondi ng contact pads
with the through-vias. Accof@imayw @fsthe| Imvmttien aspect of the present
invention there is provided a nmethod of constructing an integrated circuit
Garner st ruct ur B*GilifegrItafrNanbticnssentkes whersidtuhe foaninahed assenbly
includes first and second substantially parallel surfaces, said nethod
conpri si ng"2ar t¥ndiHg e ingd ude renbs camantapfayhofudifatasc@nat act pads in a
first grid on said first surface; arranging a two-di nensional -array of
sgcond cont ActE IRk Whick sseondngideresh “sdf dgsatond ks facegnhfer m ng
through-vias wthin said structure for connecting respective contact pads
on the fir3t®dHyY séténdosarfacesvhahatisbnssdi th tthreoughevias &f e jpositioned
horizontaJég.off rid; and incorporating conductive elenments to connect the
respecti ve cont 5&ds ARFERCE Y thrtomghali esid whenelinat beo £ ongus) | ve

el ements are used to position the throughvias off grid relative to selected
contact pads conpriv$itig-a Babeettdio fihrsugkontactimpadss aasubset of said
second contagct pads, and a_conbination thereof. It is to be understood that
both the foregoi g “gen8PaPt deseriiptiednsasmet e dfaslsl onkngwiteta | ed

descri pti e .exempl ar but are not restrictive, of the invention
p cHhéHhels w%gcg Xfe placed between the through-vias. The

use of wiring channels further allows for increased line

widths, which result in‘corresponding increases in product

reliability and yield.
, 1 The electrical through-via signals are returned to

‘on-grid” locations (i.e. the array pattern required for

further connection) within the multilayer structure using
electrically conductive connectors, typically -dog-bone

shaped, within internal layers. Thus, the electrical

signals are again in an array pattern arrangement when they



_ 8 a _ Brief Description of the Drawi ngs The invention is best understood
fromthe foll ow ng detail ed description when read in conjunction with
t he acconpanying drawi ngs. It is enphasized that, according to conmon

practice and for the sake of clarity, the vari of the draw ngs
are not drawn to scale. On the contrary, the dfmnfsr@ci\zbég t he vari ous

features may have been arbitrarily expahded or reduced. Included in the
drawings are the following figures: FIG 1 is an expl oded perspective view

showi ng noueii thy chip @rseframite vt a1d Ko Qrfadesd THRY dridy paltSfh Ardn@bhb@r Ont o
a printed circuit board according to the present invention;, FIG 2 is a
| ongi t udi nafn Behatiopnpurfacendnbe similar 4¢ daad of ¢ha topf susfres| dltemagivelynthe

integrated gl I hi i ri a printed circuit. b (@ﬁ

nount ed and&t@ﬁ?g%?gdh%%nﬁﬁp {ngo ifg{et hgﬁ%@eg‘gﬁat_%eimgnfep{)eﬁ,emFFCflg%Rﬁ icts an
over head vi differshcé fremuppest Gnémeasacel Fohexanplp, thare hey béfaﬁ‘éﬁhﬁfs%ncﬁr FIG 2
according to the_ present invention; FIG 4 depicts, an overhead vi ew of

the upper sniraetion of therprayagiernef thertopfSuraes (2.t for-outrpptiem ar fwsisi bl e

enbodi nent [ tion. and F depicts an over head vi ew of
t he upper s%?tfeggggﬁ%gé‘?ﬂ@'c%ﬁg&c%%{r}Poer % é?&b%fe‘é@gg‘?ﬁloﬁja(ﬁﬁl’ ShSPHEr

possi bl e  comtdndsianti therebf. oFutther, prsfsg thronpteniaingy cEifodi legoRe8@RIdiei On of
the Preferred Enbodi ment The present invention provides an organic

i nt egrat ed BIFLUOT MY Errier. In particular there is a novel design for

routing signal w ﬁf‘dﬁ:g : i ia.. t | i
carri e?, V\ﬁi | e gl?eﬁl?gl{r}é]?;ng@n%X| ﬁ%%%ﬁéy§n%w%¥&én an}%:ee%\érs}%lﬁﬁglggt uring
yi el d. Wi |wilizirigsblindwasndrilted thisugl sie exteimil dielelotlx-iebﬂﬂmdd'mm}éds&beeia 1t f }‘ erent
fornms, there js shown.in _the draw pgs, .and w .be described in detail, a
preferred éﬂﬁhﬂ?ﬁ‘@rﬁmﬁ aﬁﬁ%ﬁleﬁg}'@r"}g Uips haye begn grilladeand plated: dde, extrsvmlver |

that the priegaticdhRs vafle dnok BIPR GOBRLAR! ShdiSadl) BARMPIHSIARREN Of

the principles of tthis invention and 1s n I nt ende rvent i on
t o t he  enbodlitereatively, thest blitddias Refydefommpdiusing t&hniques el Knogurie tishatys an

| oded Ct i i f t [ e 10 f I he . nting of a
e conduct Broaie i po iRt b e eBe oSl A e Rlorimai o

circuitized subsAgodtdingbo(6nedaspedt R thE Efteent GV dntiBRAMEe isTPEoRU&KC LR ONi C
package 10 includes a nultilayeer interconnect structure 20, preferably an

organi ¢ chilptestasad pisqujt eafeipt oty iaclading onlasinatgd assembly, said laminated
assembly comprising:

a first surface;

a second surface substantially parallel to said first surface;

a first two-dimensional array of contact pads arranged in a first grid on said

- first surface, said first two-dimensional array of contact pads corresponding to an
‘I‘ array of first contact members for contacting a first substrate;

a second two-dimensional array of contact pads arranged in a second grid on
said second surface, said second two-dimensional array of contact pads
corresponding to an array of second contact members for contacting a second
substrate;

through-vias within said structure for connecting respective contact pads on
the first and second surfaces, wherein said through-vias are horizontally positioned
off-grid relative to contact members selected from the group consisting of said first
contact members, said second contact members and a combination of said first and
second contact members, and further wherein each of said through-vias extends

along a straight line from said first surface to said second surface; and



11 i nterconnecting the sem conductor chip 12 to a printed circuit board
by nmeans of a plurality of solder balls 24 and conductive pads 18. The

nul tilayer interconnect structure 20 is typically conposed of somewhat
alternating layers of dielectric and conductive materials (see FIG 2). As
shown in Figure 2, the multilayer interconnect] 5tQ@T Q0030 further
contains a plurality of mcrovias 22 an@-contact pads 32, which are in

el ectrical contact with a plurality of electrically conductive connectors

28 within the chidgndgaivd Qemarks wikeh Bdrnest tihE%oﬁésgﬁl‘h?iﬁg‘@oﬁﬁc@ganc%rﬁitﬂlﬁo in

contact with a plurality of contact nenbers 30 sem c uctor chip

12. Each ofthroughpiiasal ity of nicrovias 22 includes a | ayer of electrically
conductive materjal r ef er abl (o] r, although .conductive paste or

sol der are a sui 3%(1@%& e iﬁrxﬁéﬁeﬁo@%ﬁoﬂs&n ﬁn‘?‘?ﬁ‘go?ﬁggfen‘élprﬁgla?‘i %f the
plurality Oﬁﬁﬁ&éi@dﬂiﬁﬁ)a&?a@aﬁbwomﬁfgns of selected ones of the plurality
of electrically conductive menbers 28. "Sel ected ones of the plurality of
contact pads 32 asemicendigioryntegraisteircuit;r especti ve ones of sol der
connections 34. Eact} &)f. t he. sol der connections 34 are designed to
efficiently mat chPPHE? FRTHEPIYf contact nenmbers 30 on semi conductor chip
12. Preferably, il@teprdtsd circuit Grii@Hhmoimike; M0 56midatuRREnkkarsiJygMber 30
wi th one of the pl at%trj t hrough hol es or tté}%ough-vicas, 50, n%% %fr:l%recrqﬁt he
seni conduct t@rtheprigged cirgnitheand pemprising:ect el ectrical path from each contact
menber 30 to ar [ r. bal 9 through a solder. conpection 34, an
electrically conagﬁag/g Ilcebes\{ﬁrrlg%g‘légg‘ﬁgg 4 fag%‘“ chtagg 4 §FF ﬁurﬁacﬂeesugggnt Y The

gi rect el ecparaltehto fad first m@tface; cont act menber 30 to a sol der ball 24

rovides a relatively short and efficient electrical path for electrical
signal's to be trafEitvedimensional peay ehreied pedoaraiged in2 first gridyhn siid

mul til ayer 4 neg r et : 0 out si.de envi ronnment through
ol der bl 1 LTSRS B Mk bl an B ot Bt SR S B hRE 3 an

t hr ough- vi asraypdifirsticontact magbers dorntachig Wifitdy sebstiategi ent space to
accommpdat e el ectrically conductive traces for the routing of electrical
signal ', power én%?ca?%%dgﬁijﬁ&nél arpy fegomtackprdsrangest Bisa secandigdd onhe

Wi ring cha t oy fr ened : ed t h l e 50
to the edgrega gif %ﬁgﬁeﬁﬁgq%g’te lc{ h?égh%ﬂ R'g(?gﬁ%%.glogﬁlg %ﬁ h(%ofclag1 %gg\z\?gralgng
channel 51, correbpoadingx teeradi angpyf 06 reedontdo caitactr mpmbemsnfos @ngicting f4 eeovnd
increase in ht}etspace avail able within which signal traces 40 are routed.
Rel ated art™" %Eq%ns are limted to a wiring channel wi dth shown as B to

B'(Fig. 2). tRRSu@h Vi 30w tRin RlaiUstRacire tf&ec%h@&h{g%gﬁecf?% k&gt HAdS B8R

further include a circuitized substrate 16 (e. g., printed circuit board)
havi ng a plthe irstiapd secandniustapesy adisreim said throtgh-siassaue pasitioneel hoftrenatipt act

pads 18 are. g [We Sp i.ve ones of. solder .balls 24 on
ol 111 ay o AR ebRER Yl e SRRl REh T g B ot i et a6
Aarranged i rcoatabaiembeisgs#d segond BoAlacamembas &R a témBinhiis 6Nsdiy findt|aqw
‘el’'ectrical signal transm ssion and power distribution out of and into the

el ect roni ¢ 5sRAdacRNtach membersofopdhe puippse ol maximizingoavsilalle piring ehamtel col unms
o, OLTEE S YA ARG B B S e DDA g >
subst r at e 1fom said first surface to said second surface; and
conductive elements which connect the corresponding contact pads with the
through-vias.
According to still another aspect of the present invention there is provided a
method of constructing an integrated circuit carrier structure with a laminated
assembly, wherein the laminated assembly includes first and second substantially

parallel surfaces, comprising:



Referring to Figure 3, there is shown an overhead view of the present
invention, further illustrating how the through-vias 50, 52 are noved

of f-grid using dog-bone shaped el ectrically conductive connectors 28. The
dog- bone shaped conductors 28 may be formed in amta@% but are shown
here formed near the surface for clarity. The‘\ﬁi i 2 and contact pads
32 (not shown) remain on grid, while th8 PTH s 50, 52 have been noved
off-grid to increase the wiring channel 51 space available for routing 14

mul tiple signabrhidfes th6-ddehdiéhal Hrsy ?ﬁboﬁﬁcﬂ?ﬁﬁs fna:yglésg galﬁ on; glfcl:)lls ure

2). In one enbodi nent of the 1nvention, ere 1I's provi _ optim zed
Wi ring chanswifacslsaic ficst ¢o-slpnemsidnat artayuof contoapads icamespoAingitd bn array 6f Nnum
line width @f 28 m crons. It§i rgcure 4 depi ct st&an over head vi ew of anot her
possi bl e enﬁBsﬂlcﬂ’étﬁ?t ’B?mﬁ‘?{é PBrovlnting B EIBHAS | | ustrating how the _
through-vias 50, afén ﬁ?a%ﬁﬁnﬁﬁﬁoﬁl'a@ra rbf%oﬁﬁ@? tin"AcBhd gﬁg Ofdid Us! N9
dog- bone shaped conductors 28. The dog-bone shap conduct or may be
formed in apseondpurfacebsaid second twordimensiorfab arreyl ofieentadt ipads vortapending to

larity. Th i i 2 t 32 t sh remain on grid,
Wil e the AP BBHOVIeEP Gl e e ot PO ot g HERBASe t he wi 11 ng
channel 51 spacefauing eb&si-Glas Withi6hid sRhiuR! fob )é%ﬁr?e\x,:\ﬁﬁ éésﬁgét%ecgon&'cgnal

traces 40 per channel 51 on the internal layers 2 _ I'ntaining a
wi der tracePédsdem the firgf andasedopd ssurfagesyivdreneis )said throwgir-eias ede positioned

fact ity Flgur. .l lustrates an over head.vi ew of anot her
possi bl e enbAMENY 47 4if a%ighie I 5oRiel vt TIFRTR Gomithe Groupiapmsing, e
?onnect i on pAbieIe @neics Aibers,@hideBorRF e dmiberd]l 6 OV bdHbidsidranect ed
o:a single through-via 50; while gg_ttern 56 shows a single mcrovia 22
S

connect ed said fisstiagd seaend ispriagimenbers.smd furthdgsorherein eatteafsaphthrarghsyiag he

i i i a . h-vi.a 50 i.s de wth a
dog- bone.sneneiPecihgd abasling Siehfald Bt SHTHET i seon R R i ng
speci fication i sircotperaing @adidtiveelentdnts/® d@hfledt $hd\QrrdspéRIMELEbritaLt Bedd aken

as limting. ,}':;,t'll ot her variations within the spirit and scope of this
i nvention al¥ ﬁ%%@‘?%}g@"é{% wll readily present thenselves to those

skilled in the aN:cording to still another aspect of the present invention there is provided a
method of constructing an integrated circuit carrier structure with a laminated
assembly, wherein the laminated assembly includes first and second substantially
parallel surfaces, said method comprising:

arranging a two-dimensional array of first contact pads in a first grid on said
first surface;

;o arranging a two-dimensional array of second contact pads in a second grid on

| said second surface;

forming through-vias within said structure for connecting respective contact
pads on the first and second surfaces, wherein said through-vias are positioned
horizontally off-grid; and

incorporating conductive elements to connect the respective contact pads with
the through-vias, wherein the conductive elements are used to position the through-
vias off-grid relative to selected contact pads comprising a subset of first contact
pads, a subset of said second contact pads, and a combination thereof,

It is to be understood that both the foregoing general description and the

following detailed description are exemplary, but are not restrictive, of the invention.



P

-16 - Cains: 1. Anintegrated circuit carrier structure including a
| am nat ed assenbly, said | am nated assenbly conprising: a first surface; a
second surface substantially parallel to said first surface; a first
rivo-di nensional array of contact pads arranged in a first grid on said
first surface, said first two-di nensional array ff xﬁgﬁagh ads
corresponding to an array of first cont&et nenbe 5 C 8 cting a first
substrate; a second two-di nmensional array of contact pads arranged in a
second gridBﬁBf@@kﬁpﬁ&&Qﬂge§Hb®ﬁ@§, sai d second two-di nensional array of
contact pads corresponding to an array of second contact nenbers for
contacting a sectheinyentinmriabest untierstogth froirethe iblidwingsai d structure for
connecting respective contact pads on the first and second surf aces,
wherein said through-vias are horizontally positioned off grid relative to
contact nenbers selected fromthe group consisting of said first contact
menbers, said second contact nenbers and a conbination of said first and
second contact nenbers, and further wherein each of said through-vias
extends along a straight line fromsaid first surface to said second
surface; and conductive el enents whi ch connect the correspondi ng contact
pads with the through-vias. 2. The integrated circuit according to claim1l,
further conprising: volunmes within said structure which are maxim zed to
formthe |largest wiring channel possible between sets of through-vias,
wherein the volunes are | ocated between the through-vias. 3. The integrated
circuit carrier structure of claim1, wherein said conductive elenents are
aﬁg-bone shaped. 4. The integrated circuit carrier structure of claiml,
erein said wiring channels contain a plurality of electrical signal
| i nes. -1 ~- 150CT 2003 5. The integrated circuit carrier structure
of claim1, wherein the contact pads arranged on said second surface are
blind vias. 6. The integrated circuit carrier structure of claimb5, wherein
said blind vias are photo-inaged. 7. The integrated circuit carrier
structure of claim5, wherein said blind vias are plasma etched. 8. The
integrated circuit Garner structure of claimb5, wherein said blind vias are
mechanically drilled. 9. A printed circuit board assenbly conprising: a
sem conductor integrated circuit; a printed circuit board; an integrated
circuit carrier for nmounting the sem conductor integrated circuit to the
printed circuit board conprising:



i irs and a second surface
. Layersd FfruS;E;FIQ?V;ggs:iLI;?ﬁsfu;L??:ce' a first two-dinensional array
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includes fbLat;a .o§ﬁ%i%ﬁwﬂcg¥ppg§05fchﬁnqﬂgp padsritem driar st grid on said
arranging a two s e irst two-di nensjional array of contact pads _
e Surgaﬁgi?gqgﬁng?évjoteFiF§FcﬁﬂhﬁéﬁFdnéﬁb@r@hﬁpmcc@nbacting a flrgt
corr espondi . , . ray of contact pads in a secon
Subztrateb?§éi§€gﬁgggﬂp%£@édlgg?zlggggngrtmg-dinensional array of contact
grid on sal ( , ontact menbers for contacting a
pads gor r szonfie@gf%%n%a%g [O%?‘éﬁﬁ%i%eﬁ?%tﬁﬁpﬁl seial shr wat gheafQie connecting
second substrate; o i id
; d second surfaces, wherein sa
o v om0y o bt et com o
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antact W?thkﬁfmfﬁﬁétgﬁog?éagggfﬁ?@?ﬁéﬁ?face to said second surface, andd
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i ncor por at i ng menductiepe ek et s 4 gonnect égﬁFcorrespondl d P

view £
with the through-vias. 12. The met hod accor di o“EP&F nsurifackyr t her

i i i ri ng channel vol ume
COMpr i si Mf thie straps caby s er kg Q! Ypesf or, Xt mum wiring
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- Present invention;
Yoy

FIG. 4 depicts an overhead view of the upper surfaces

of the chip carrier of FIG. 2 according to a possible

embodiment of. the bPresent invention; and

FIG. 5 depicts an overhead view of the upper surfaces

of the chip carrier of FIG. 2 according to another possible



between said through-vial; and formng wiring channels within said vol unes.
3. The nmethod of claim 11, wherein the conductive elenents are dog-bone
shaped. -19 - ~ 5 O0r 20A'3 . 14. The method of claim 12, wherein the
wiring channels contain a plurality of electrical signal lines. 15. The
met hod of claim 11, wherein the contd@t pad§ Er(r)?fg% sai d second
surface are blind vias. 16. The nethod of claim , erein said blind**
vias are eapsgdmbrem eng,of e follown rocesses: |aser ablating,

phot o-i magi ng, plasma efc i%%%%egrt rlrlégﬁ’&?‘n? i drilling. 17. The nethod of
claim 15, wherein said blind vias are plasma etched. 18. The nethod of
claim15, wherein the blind vias are nechanically drilled. 19. The nethod
of claim 15, whgreiin.gakd blind vias are photo-inmaged. 20. The nethod of
claim 11, wherein ilen Qc HetS A g RS ¢ dimdpgdimenaterial . 21. The
net hod of cl aiﬂg]prey@eer{teiir}wth .structure is formed froma nateri al

sel ected fromthe group consiEtiRE BFOE st ani eramner i alteandtam or gani ¢
materi al . - 22.u d.of .constructing an integrated circuit carrier
structure with an?%{nwncﬁrer&eéfswﬁrﬁl DA SR e n thRge | Bsiaatedlassenbl y

i ncl udes §i& apd second substantially parallel surfaces, said nethod
conpri si ng: gérﬁ angi nlgou%ltn\ﬁo-sd?ﬁﬁﬂs‘i"b’?% fgtofna? g¢midorgtuatont agtippads in a
first grigion sai ifliarset sz_lr.face; arrangi ng a two-di mensional array of
second contact pads i'H a SEBNERHT I orfDdadrdmabeonih sy face mufior mi ng

t hrough-vjal; W thin,sald structure for_connecting respective contact pads
on the fi rstlI)z[i%m}plscgc]nora1fl rsﬁlr‘?‘ﬁe‘é‘éc,l HBYEChusang tiwloughwhiak anespositi oned

‘hori zont alkye A fo,8ri g, and

S''susceptible to embodiment in many different

forms, there is shown in the drawings, and will be
described in detail, a preferred embodiment of the
invention. It should be understood, however, that the

present disclosure is to be considered as an
exemplification of the principles of this invention and is

net intended to limit the invention to the embodiment

illustrated.

Referring to FIG. 1, this figure shows an exploded

perspective view of an electronic package 10 for the

mounting of a semiconductor chip 12 onto a carrier 14, and

the carrier 14 onto a circuitized substrate 16 (e.g a

printed circuit board). The electronic package 10 includes

a multilayer interconnect structure 20, preferably an

organic chip carrier, adapted for electronically



- 20 - ~50c¢c T ~uu~ incorporating conductive elenents to connect the
respective contact pads with the through-vias, wherein the conductive

el ements are used to position the through vias off grid relative to

sel ected contact pads conprising a subset of first contact pads, a subset
of said second contact pads, and a tbnbi naf 60@@1’&2@93 23. The integrated
circuit carrier structure of claim1l, wherein said through-vias are aa
posi tionede@ff Qrid. an & ual_distance relative to a centerline of said
first contact nmenbers and' CEHCERFIFEPDICHE R d2secondocomeart nenbers. 24.
The integfatgd.circuit carrier structure of claiml, wherein said

t hr ough- vi as ar e PO t1oREF16f PEgRi BLUFliitst ofii soadee baliat ine to a
centerliglgdo%ogﬂc first contact menbers, and a second distance froma
centerline of sald SecdtifScdft acThaetidrd avehei vt ersaikdd r st di stance does
not equagtﬁﬁgfrseeczoond di stance. 25. The integrated circuit carrier
structure of clai i1, Swi&Parallyaremadsest OﬁWBOfdé?WISiméélrr@'EE%é of contact
pads incﬂ&;leeqss aotfi .sé axi s and a second axis, said first axis defined by a
first centerline éXtefithdafBRgceandswiot safer cant agle pads, sai d second
axi s defined bg;f% second _centerline along one of said conductive el enents;
and said firgt QYTand §apdreetoridieaxiud tfbayeani rangleengt.cabout 90 degrees.
26. The integrat eg circuit Garner structure of claiml, wherein: said first
two di mensional” arfay “of "ebntertaigeds phorabiesy af ifistoaxks apd a second
axis, salffid, st gxi s defined by a first centerline extending along a row
of said contact Pad§398ar @ seekit arei sndetérted dwy acsesond,cent erline al ong
one of sggaiiuqaciolréductiv el enents; and said first axis and said second axis
form an ‘acute angPE. €29 L THeR i it egndnetice rawiteccarsi eb §lenciure of claim
1, whereify sal dcfi rst_two dinensional array of contact pads including a
first axis, a seCon*aki §*- andiea PiNFrpYiaxisf rsairdvibbsto axis defined by a
first centerlkine extendi n%éal ong a_row of said contact pads, said second
axi s defined by & S&cont Cerft &% iay ong enftiacst memeesd 30'd5 0 C T 2003

-21 i
_ the semiconductor chip 12. Each of the plurality of

microvias 22 includes a layer of electrically conductive

material 34, preferably copper, although conductive paste

Or solder are a suitable alternative, positioned on the

internal walls of the plurality of microvias 22 and on
portions of selected ones of the plurality of electrically

_] conductive members 28.

Selected ones of the plurality of contact pads 32

electrically couple to respective ones of solder

connections 34, Each of the solder connections 34 are

designed to efficiently match the pattern of contact

members 30 on semiconductor chip 12. Preferably, there is



, said conductive elenents, said third axis defined by a third centerline
al ong-a second one of said conductive elenments; said first axis and said
second axis formng a first angle; said first axis and said third axis
formng a second angle; and wherein said firit l.e and said second angle
are not approximately equal. 28. Thejjntegra éﬁiﬂ&ﬂguuddcarrier structure
of claim1, wherein two conductive elenents froma two di nensional array
are connected to the sane through-via. 29. The integrated circuit carrier
struct ure dfMEIE wfl nowherei bhameoreodnt bict emetig® o WS +60BRECLLd to at

| east two different through-vias. ;-, 30. The nethod of claim11l, further
conprisindﬂ*ﬁéﬂ@ﬁ#ﬁnkhgoaghihslemxhstmmdughseﬂﬂﬁﬂsﬁxigzgfuﬁéég EééSt t wo
~di mensi onal array of contact pads, said first axis defined by a first

cent er | i nesaitaamdivedg ozl ohgp al 2 oy ofi dagdacentest d1ads -3 8gh d,g@gond axi s
defined by a second centerline along one of said conductive elenents; and
form ng arfxgleachf caboatt 99edegr eas thetweedpsa id o isg§ge§xj3§1§gp sai d
second axis. 31. The nethod of claim1 |, further conprising: é%ernining a
first axi Shavhoh sesohdeaxtsnodctsaind 3hi rsh &1l m@ISL0pa)@ls Ay, of contact
pads, said first axis defined by a first centerline extending along a row
of said commdetr padsandai dp Becand haciughdebiaesh bys.a S?ﬁgn(ﬁli)?egg% erline along
one of said conductive elenents; and form ng an acute angl e between said
first axi slacdrsabd pechnfirexis.cdRactheemBihon of, gl gipydl,, furt her
conprising: determning a first axis, a second axis, and a ﬁ%lrd axi s of
sai d first24t wrogidenskonal avdvelyy ¢hogentddte MRS ensakl el Lt f”d s defied by
a first centerline extending along a row of said contact pads,. said second
“axis defi medhbfoa steondicenteidriaie abopg @-frdvst ceRerpl,sald conductive

el ements, said third axis defined by a third centerline along a second one
of said cerddebindecebeneiniis;12 through the multilayer interconnect

structure 20 and to the outside environment through solder

balls 24.

Placement of the plated through holes (PTH's), or
through-vias, permits wiring channels 51 with sufficient
space to accommodate electrically conductive traces for the
routing of electrical signal, power and ground signals. As
depicted in Figures 2 and 3, the wiring channel 51 extends

'} from the edge of one plated through hole 50 to the edge of

another plated through hole 52. The width of the wiring

ch : i
anpel 51, shown extendlpg from A to A’, represents a

significant increase in the space available within which

signal Lraces 40 are routed. Related art designs are

limited to a wiring channel width shown as B to B’ (Fig. 2).



- 22 - 150 CT 2003 .) wherein said first axis and said second axis forma
first. angle; wherein said first axis and said third axis forma second
angl e; and wherein said first angle and said second angl e are not

approximately equal. 33. The nmethod of claim21]1, further conprising
connecting two conductive el enents, fqrnthe1 d}CﬂNz fIrensi onal array, to
the sanme through-via. 34. The nethod of claim1l, further conprising .

connecting one conductive element to at least two different through-vias. t
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Referring to Figure 3, there is shown an overhead view

of the present invention, further illustrating how the

through-vias 50, 52 are moved off-grid using dog-bone

——

shaped electrically conductive connectors 28. The dog-bone

shaped conductors 28 may be formed in any layer, but are

shown here formed near the surface for clarity. The

microvias 22 and contact pads 32 (not shown) remain on

grid, while the PTH's 50, 52 have been moved off-grid to

increase the wiring channel 51 Space available for routing
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is provided, in the optimized wiring channel 51, enough
space for four signal traces 40 with a minimum line width
of 28 microns. )
| Figure 4 depicts an overhead view of another possible
embodiment of the present invention, illustrating how the
through-vias 50, 52 are moved off-grid in a somewhat {a@ial
J fashion, using dog-bone shaped conductors 28. The dog-bone
shaped conductors 28 may be formed in any layer, but are
shown here formed near the surface for clarity. The
microvias 22 and contact pads 32 (not shown) remain on
grid, while the through-vias have been moved off-grid tc
increase the wiring channel 51 space available for wiring a
plurality (e.g., four) of signal traces 40 per channel 351
on the internal layers 26, while maintaining a wider trace
width (e.g., at least 28 microns) for increased
S } manufacturability.
Figure 5 illustrates an overhead view of another
possible embodiment of the present invention in which CLwo
alternative connection patterns are shown. Pattern 54

shows two microvias 22 connected to a single through-via

50; while pattern 56 shows a single microvia 22 connected
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made with a dog-bone shaped electrically conductive
connector 28.

The foregoing specification is intended as )
illustrative and is not intended to be taken as limiting.
Still other variations within thé spirit and scope of this

invention are possible and will readily present themselves

to those skilled in the art.

——
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Claims:

1. An integrated circuit carrier structure including a laminated assembly, said

laminated assembly comprising:

a first surface;

a second surface substantially parallel to said first surface;

a first two-dimensional array of contact pads arranged in a first grid on said
first surface, said first two-dimensional array of contact pads corresponding to an
array of first contact members for contacting a first substrate;

a second two-dimensional array of contact pads arranged in a second grid on
said second surface, said second two-dimensional array of contact pads

( ; corresponding to an array of second contact members for contacting a second
substrate;

through-vias within said structure for connecting respective contact pads on
the first and second surfaces, wherein said through-vias are horizontally positioned
off-grid relative to contact members selected from the group consisting of said first
contact members, said second contact members and a combination of said first and
second contact members, and further wherein each of said through-vias extends
along a straight line from said first surface to said second surface; and

conductive elements which connect the corresponding contact pads with the

through-vias.

i 2. The integrated circuit according to claim 1, further comprising;
volumes within said structure which are maximized to form the largest wiring
channel possible between sets of through-vias, wherein the volumes are located

between the through-vias.

3. The integrated circuit carrier structure of claim 1, wherein said conductive

elements are dog-bone shaped.

4. The integrated circuit carrier structure of claim 1, wherein said wiring

channels contain a plurality of electrical signal lines.
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5. The integrated circuit carrier structure of claim 1, wherein the contact pads

arranged on said second surface are blind vias.

6. The integrated circuit carrier structure of claim 5, wherein said blind vias are

photo-imaged.

7. The integrated circuit carrier structure of claim 5, wherein said blind vias are

plasma etched.

8. The integrated circuit carrier structure of claim 5, wherein said blind vias are
mechanically drilled.
{
" 9. A printed circuit board assembly comprising:

a semiconductor integrated circuit;

a printed circuit board;

an integrated circuit carrier for mounting the semiconductor integrated circuit
to the printed circuit board comprising:

a layered structure having a first surface and a second surface substantially
parallel to said first surface;

a first two-dimensional array of contact pads arranged in a first grid on said
first surface, said first two-dimensional array of contact pads corresponding to an
array of first contact members for contacting a first substrate;

a second two-dimensional array of contact pads arranged in a second grid on
said second surface, said second two-dimensional array of contact pads
corresponding to an array of second contact members for contacting a second
substrate;

through-vias within said structure for connecting respective contact pads on
the first and second surfaces, wherein said through-vias are positioned horizontally
off-grid relative to contact members selected from the group consisting of said first
contact members, said second contact members, and a combination of said first and
second contact members, for the purpose of maximizing available wiring channel
volume, and further wherein each of said through-vias extends along a straight line

from said first surface to said second surface; and
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10.  The printed circuit board assembly of claim 9, further comprising:
volumes within said structure which are maximized to form the largest wiring
channels possible between sets of through-vias, wherein the volumes are located

between the through-vias.

11. A method of constructing an integrated circuit carrier structure with a
laminated assembly, wherein the laminated assembly includes first and second
substantially parallel surfaces, comprising:

arranging a two-dimensional array of contact pads in a first grid on said first
surface, said first two-dimensional array of contact pads corresponding to an array of
first contact members for contacting a first substrate;

arranging a two-dimensional array of contact pads in a second grid on said
second surface, said second two-dimensional array of contact pads corresponding to
an array of second contact members for contacting a second substrate;

forming through-vias within said structure for connecting respective contact
pads on the first and second surfaces, wherein said through-vias are positioned
horizontally off-grid relative to contact members selected from the group consisting
of said first contact members, said second contact members, and a combination of
said first and second contact members, and further wherein each of said through-vias
i extends along a straight line from said first surface to said second surface; and
incorporating conductive elements to connect the corresponding contact pads

with the through-vias.

12.  The method according to claim 11, further comprising the steps of:
creating volumes for maximum wiring channel volume within said structure,
between said through-vias; and

forming wiring channels within said volumes.

13.  The method of claim 11, wherein the conductive elements are dog-bone

shaped.
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16.  The method of claim 15, wherein said blind vias are formed from one of the
following processes: laser ablating, photo-imaging, plasma etching, or mechanical

drilling.

17.  The method of claim 15, wherein said blind vias are plasma etched.

ey
. \

18.  The method of claim 15, wherein the blind vias are mechanically drilled.

19. The method of claim 15, wherein said blind vias are photo-imaged.

20.  The method of claim 11, wherein the structure is formed from an organic

material.

21. The method of claim 11, wherein the structure is formed from a material

selected from the group consisting of a ceramic material and an organic material.

22. A method of constructing an integrated circuit carrier structure with a
laminated assembly, wherein the laminated assembly includes first and second
substantially parallel surfaces, said method comprising:

arranging a two-dimensional array of first contact pads in a first grid on said
first surface;

arranging a two-dimensional array of second contact pads in a second grid on
said second surface;

forming through-vias within said structure for connecting respective contact
pads on the first and second surfaces, wherein said through-vias are positioned

horizontally off-grid; and
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23. The integrated circuit carrier structure of claim 1, wherein said through-vias
are positioned off-grid an equal distance relative to a centerline of said first contact

members and a centerline of said second contact members.

24, The integrated circuit carrier structure of claim 1, wherein said through-vias
are positioned off-grid a first distance relative to a centerline of said first contact
{ members, and a second distance from a centerline of said second contact members,

wherein said first distance does not equal said second distance.

25.  The integrated circuit carrier structure of claim 1, wherein:

said first two dimensional array of contact pads includes a first axis and a
second axis, said first axis defined by a first centerline extending along a row of said
contact pads, said second axis defined by a second centerline along one of said
conductive elements; and

said first axis and said second axis form an angle of about 90 degrees.

26.  The integrated circuit carrier structure of claim 1, wherein:
i said first two dimensional array of contact pads includes a first axis and a second
o axis, said first axis defined by a first centerline extending along a row of said contact
pads, said second axis defined by a second centerline along one of said conductive
elements; and

said first axis and said second axis form an acute angle.

27.  The integrated circuit carrier structure of claim 1, wherein:
said first two dimensional array of contact pads including a first axis, a second axis,
and a third axis, said first axis defined by a first centerline extending along a row of

said contact pads, said second axis defined by a second centerline along a first one of
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wherein said first angle and said second angle are not approximately equal.

28.  The integrated circuit carrier structure of claim 1, wherein two conductive

elements from a two dimensional array are connected to the same through-via.

29.  The integrated circuit carrier structure of claim 1, wherein one conductive

element is connected to at least two different through-vias.

30.  The method of claim 11, further comprising:

determining a first axis and a second axis of said first two dimensional array
of contact pads, said first axis defined by a first centerline extending along a row of
said contact pads, said second axis defined by a second centerline along one of said
conductive elements; and

forming an angle of about 90 degrees between said first axis and said second

axis.

31.  The method of claim 11, further comprising:
determining a first axis and a second axis of said first two dimensional array
i of contact pads, said first axis defined by a first centerline extending along a row of
said contact pads, said second axis defined by a second centerline along one of said
conductive elements; and

forming an acute angle between said first axis and said second axis.

32.  The method of claim 11, further comprising:

determining a first axis, a second axis, and a third axis of said first two
dimensional array of contact pads, said first axis defied by a first centerline
extending along a row of said contact pads, said second axis defined by a second
centerline along a first one of said conductive elements, said third axis defined by a

third centerline along a second one of said conductive elements;
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33.  The method of claim 11, further comprising connecting two conductive

elements, from the same two dimensional array, to the same through-via.

34,  The method of claim 11, further comprising connecting one conductive

element to at least two different through-vias.



