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present disclosure relates to a high density contact. arrangenent. More
particularly, the disclosure relates to a high density contact arrangenent
that facilitates the 10 construction of high signal count integrated circuit
chip assenblies. BACKGROUND OF THE | NVENTION Integrated circuit (I1C) chips. are
often nounted to substrates in the construction of chip assenblies (e.g.,
flip chip assenblies). In the fabrication of such assenblies, an IC 15 chip
is provided with a plurality of contacts for delivery of both signals and
power to the chip. The substrate to which the IC chip mounts is simlarly
provided with a plurality of signal and power contacts. In particular, the
substrate is provided with a mrror imge arrangenent of contacts such that
the contacts of the IC chip align with those of the substrate when the chip
i s disposed on the substrate surface. 1 1 5 APR 2005 FIG 1 illustrates an
exanpl e %ri or art subst r Z&HBENSTY CONPACTURRANGEMENT such chip
assenblies. As is shown in this figure, the substrate 100 includes a silicon
die 102 that is disposed in the center of the substrate. The die 102 is
provided with a 5 plurality of HEMPOTHRANVENTION Separately used for

signal and power transm ssion.
The present disclosure relates to a high density contact arrangement. More

particularly, the disclosure relates to a high density contact arrangement that facilitates the

10 construction of high signal count integrated circuit chip assemblies.

BACKGROUND OF THE INVENTION

Integrated circuit (IC) chips are often mounted to substrates in the construction of

chip assemblies (e.g., flip chip assemblies). In the fabrication of such assemblies, an IC

15 chip is provided with a plurality of contacts for delivery of both signals and power to the
cbip. The substrate to which the IC chip mounts is similarly provided with a plurality of
signal and power contacts. In particular, the substrate is provided with a mirror image
arrangement of contacts such that the contacts of the IC chip align with those of the

substrate when the chip is disposed on the substrate surface.



[ es the silicon the .102 shown in FIG 1 in greater tail. As
?nh!Lgfgéa}n this figure, the contacts 104 of the die 102.aref-oﬂﬁﬁlﬂgﬁ
arranged in aligned, linear rows 200 and colums 202. As is known !n_blg)
art, each of the contacts 104 is positioned atop an opening (not VISIt e
formed in the die's surface through which signals and power are 10 rgu S' .
into the substrate 100. During fabrication of the substrate 100,.cor uF Y
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thu?et,, iy g&%éc':tﬁbs lo¥ cheZdSie 102 are normally arranged in aligned, linear rows 200
and columns 202. As is known in the art, each of the contacts 104 is positioned atop an
opening (not visible) formed in the die’s surface through which signals and power are
10 routed into the substrate 100. During fabrication of the substrate 100, conductive lines
(e.g., silk screened éonductors) 300 are extended perpendicularly outward from the die
102 within the substrate 100 as indicated in FIG. 3. As shown in this figure, these lines
300 are separated by a pitch distance, P. Due to the large number of contacts 104
provided in the rows 200 and columns 202, the conductive lines are normally closely
15 packed around the periphery of the substrate die 102.

Manufacturers are continually increasing the number of signal contacts on
substrate surfaces to increase the number of signals that can be received and transmitted
by chip assemblies. As the number of signal contacts 104 grows, so too does the size of
the substrate die énd the IC chip that attaches to the substrate, To minimize the size of

20  the die, and therefore the substrate and IC chip, manufacturers attempt to maximize the

packing density of the contacts 104 so that more contacts can be placed within a given



i n . Unfortunately, there are several limtations on how small
Fhfgop?tgﬁnzinension can % be made. First, as contact ;paC|ngiﬁedﬁReﬂm5
smaller, it is nore difficult to formthe conductive |ines that nust
connect to these contacts. The formation of these lines is further
conplicated by the columar formation of the contacts. Specifically, it can
be difficult to connect to the contacts of the colums when they are
arranged in a straight 1line perpendicular to the edge of the die. In _
addition, the substrate the tends to crack 10 when the contacts (and their
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foregoing, it can_be ap&r}eci ated that it would be desirable to have a
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contact arrangenent ‘
conductive lines that must connect to these contacts. The formation of these lines is
further complicated by the columnar formation of the contacts. Specifically, it can be
difficult to connect to the contacts of the columns when they are arranged in a straight
line perpendicular to the edge of the die. In addition, the substrate die tends to crack
10 when the contacts (and their associated openings) are placed too closely together.
Furthermore, due to space limitations of conventional contact arrangements, the contacts
are provided farther from the edge of the die as the number of contacts increases. Asis
known in the art, this increase in distance likewise increases impedance and resistance in
the conductive lines in that these lines must be made longer to reach more distant
15  contacts.

From the foregoing, it can be appreciated that it would be desirable to have a contact

arrangement that permits high signal density and that avoids at least some of the problems

identified above.



conprises a plurality of contacts fornmed along a line in a staggered
configuration. The staggered configuration arranges the contdchsARR 2885t o
be di agonally spaced fromeach 5 other along the |ine such that the
contacts have an effective spacing along the line that is snaller than the
actual spacing of the contacts. In one enbodi nent, the contact arrangenent
is used to construct an integrated circuit chip assenbly that conprises a
substrate having a die that fornms part of an outer surface of the
substrate. The die is provided with a plurality of signal |ines and power
10 Iines, the signal I|ines iy | lurality of signal contacts
and the power |ines each infcrua %Vgﬂiﬁlﬁmﬁw contacts. The
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iS positi th ubstrate die. 4 15 APR 2005 The features and
advant agegﬂlglﬂeli%é?ﬁl vagﬁiafﬂ?‘?cwglqﬁlb"e%t%ppar ent upon reading the

In one embodiment, the contact arrangement is used to construct an integrated

circuit chip assembly that comprises a substrate having a die that forms part of an outer
surface of the substrate. The die is provided with a plurality of signal lines and power
10 lines, the signal lines each including a plurality of signal contacts and the power lines
each including a plurality of power contacts. The signal contacts of at least one signal
line are arranged in a staggered_conﬁguration 80 -as to be diagonally spaced from each
other along the at least one signal line such that the signal contacts have an effective
spacing along the at least one signal line that is smaller than the actual spacing of the
15  signal contacts of the at least one signal line. The assembly further includes an integrated
circuit chip having an outer surface comprising a plurality of contacts. The contacts of
the chip are arranged in a mirror image of the contacts of the substrate such that the

contacts of the chip align with the contacts of the substrate when the chip is positioned

atop the substrate die.



foll owi ng specification, when taken in conjunction wth the aoggn‘gﬁgﬁlﬁg
drawi ngs. BRI EF DESCRI PTION OF THE DRAW NGS 5 The invention canh¥b er
understood with reference to the followi ng drawings. The conponents in the
drawi ngs are not necessarily to scale, enphasis instead being placed upon
clearly illustrating the principles of the present invention. FIG 1 is a
pl an view of a substrate of the prior art. FIG 2 is a plan view of a
silicon die of the substrate shown in FIG 1. 10 FIG 3 is a detail view
of the die shown in FIG 2. FIG 4 is a plan view of a substrate of the

present inventigp i.§,.a.partial .cross-sectional view of the_
substrate taken al gelr%g slaglg é‘-’%lt‘g?s ?f %e myengenswilgbecomg appamntinow rodding thee of

t he subst r{ahe shown .'bn FIG. 4. 15 FIG 7 is a detail view of a contact

ar r angement’ 05 & BFCIEEH wWhemighn inromnmetic wilFthe ac@mmngingelfkingyi ew of

t he contact arrangenent of FIG 7 and indicating the provision of signal
lines. FIG 9 is a perspective viewillustrating mounting of an IC chip to
the substrate shown in FIG 4. 5 15 APR 2005 DETAI LED DESCRI PTI ON

BRIEF DESCRIPTION OF THE DRAWINGS

5 The invention can be better understood with reference to the following drawings.
The components in the drawings are not necessarily to scale, emphasis instead being placed
upon clearly illustrating the principles of the present invention.

FIG. 1is aplan view of a substrate of the priof art.

FIG. 2 is a plan view of a silicon die of the substrate shown in FIG. 1.
10 FIG. 3 is a detail view of the die shown in FIG. 2.

FIG. 4 is a plan view of a substrate of the present invention.

FIG. 5 is a partial cross-sectional view of the substrate taken along line 5-5 in FIG.

3.
FIG. 6 is a plan view of a die of the substrate shown in FIG. 4.
15 FIG. 7 is a detail view of a contact arrangement used on the die shown in FIG. 6.
FIG. 8 is a detail view of the contact arrangement of FIG. 7 and indicating the
provision of signal lines.
FIG. 9 is a perspective view illustrating mounting of an IC chip to the substrate
shown in FIG. 4.



Referring now in nore detail to the drawi ngs, in which |ike nu%eg%ﬁ? 2005
i ndicate corresponding parts throughout the several views, FI:

illustrates a substrate 400 of the present invention. As is discussed

bel ow, the substrate 400 can be used to forman IC chip 5 assenbly (see
FIG 9). Such an assenbly can be used in a variety of applications. By way
of exanple, the assenbly can be used as an interface that is provided
between a central processing unit (CPLD and nenory within a conputing
device (not shown). As is illustrated in FIG 4, the substrate 400

conprises a top surface 402. Tﬁ;ﬁ%@ AP0 s generally rectilinear in
LAY

shape and, as indicated in Fl a 10 square having a
e sides 404 can be, for instance,

plurality of eq 404, Eack of t l an |
approxi mately 4 @fr%rrﬁ«qd ﬁé‘?’elpsmf’ﬁe fclgﬁ‘gttﬁ. ¢drawings, | yekichilike numersisbmtlicates
400 in cross-sectjon. In particular, FIG 5 illustrates a side
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the top surface 402 to a bottom surface 502 c?f t-he substerag(?gdr ‘bﬁd%l’

Typi cald y, aseanbly ¢écetfIE. ORtQIchah lsqtormed of .a ceramic material,
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al though it will be understood that other nateri al

desired. |4r &A1l wo in FIG 5 thirteen different |ayers are
provi ded. Typi Cal Iy f%%f@r[gg&t%%{p etdes IB?T%‘FFEHWEE%PH'OXMGFIW@W%GBI&I%
netalized .S 504 t are used to transmt 20 the signals and power

t hr oughoutﬂrﬁ%egglﬁ%fl@f F%@@%@%H&%@ eompyingtewice (8dtghaws).and power are
normal ly routed, fromthe top_surface 402 from contacts provi ded thereon
down t hr ough As is 1llustrated in FIG. 4, the substrate 400 comprises a top surface 402. The

substrate 400 is generally rectilinear in shape and, as indicated in FIG. 4, can be formed as a
10 square having a plurality of equal sides 404. Fach of the sides 404 can be, for instance,-
approximately 42 millimeters in length.

FIG. 5 illustrates the substrate 400 in cross-section. In particular, FIG. 5 illustrates a
side cross-sectional view of the substrate 400 taken along line 5-5 of FIG. 4. As indicated
in this figure, the substrate 400 is composed of a plurality of material layers 500 that are

15  arranged in a stacked configuration from the top surface 402 to a bottom surface 502 of the
substrate 400. Typically, each of the materia] layers 500 is formed of a ceramic material,
although it will be understood that other materials can be used, if desired. In the
arrangement shown in FIG. 5, thirteen different layers are provided. Typically formed
between each of the_ materia] layers 500 are metalized layers 504 that are used to transmit

20 - the signals and power throughout the interior of the substrate 400. These signals and power

are normally routed from the top surface 402 from contacts provided thereon down through



-15 APR 2005 the various |ayers 500 of the substrate 400 thr g
Si asS( not shown) to route these signals and power throughout” tg H&emgate
and ultimately down to the bottom surface 502 which simlarly conprlzgg a
plurality of contact (not shown). Returning to FIG 4, the substrate 0o
finther conprises a the 406 that is positioned 5 in a central area of t F
substrate. Nornally, this die 406 is conposed of a sem conductor nmateria
such as a silicon material. As is indicated in FIG 4, the die 406 f
conprises a pl urality of contacts 408 that are arranged on a top surface
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used to al W&H‘ éﬁnﬁ@mfmﬁhphMMDﬁzonmﬁﬁ(nmwﬁmuntl ng the chip to the
top surface 402 of the substrate 400. Optionally, the substrate 400 can
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600 that ar

lura%{ys (%%ontacts 408 that are arranged on a top surface 410 of the die 406. Similar to the
substrate 400, the die 406 is normally rectilinear in shape and can be, for instance, square in
shape so as to have a plurality of equal sides 412. By way of example, each of these sides

10  412canbe approximately 14 millimeters in length. Beyond the periphery of the die 406 can
be provided a plurality of alignment marks 414 that are used to align an IC chip with the die
406 when mounting the chip to the top surface 402 of the substrate 400. Optionally, the
substrate 400 can further include a plurality of peripheral contacts 416 that are arranged
about the die 406, ‘

15 Turming to FIG. 6, the substrate die 406 is illustrated in greater detail. As indicated
in this figure, each of the contacts 408 is normally circular in shape. More particularly, each
of the contacts 408 normally comprises a semispherical solder bump having a high lead
content. The contacts 408 are normally arranged in separate groups 600 that are disposed
about the periphery of the die 406. Although shown in particular group orientations, it is to

20  be understood that this arrangement is exemplary only and that altematNe arrangements are

therefore feasible and may even be more advantageous. Moreover, it will be appreciated



about the periphery of the die 406. Although shown in particulaé gééu
orientations, it is to 20 be understood that this arrangenentli ﬁﬁﬂiry
only and that alternative arrangenents are therefore feasible and may even
be nore advant ageous. Moreover, it will be appreciated 7 1 5 APR 2005 t hat
separate contact groups are not necessary to the invention. As illustrated
in FIG 6, each of the groups 600 conprises a plurality of rows 602 and
col ums 604 of contacts 408. The various rows 602 of contacts 408 are
arranged in a staggered relationship fromthe sides 412 of the die 406

toward th die. As is discussed jn the following, this 5
st agger edq}rugl%g %(%tﬁgr{?fl%gggroﬁﬁ & o ingressy 49 he wyention: A dldwsretedrin FI6E € he
die 406 as Ié as_the IC chip that nounts to the the. FIG 7 illustrates
t he cont acf‘?wg? they é"éWBﬁgOQ ¢PoapIEsss @ plugdity iof rowsrb0B antl icoluhats, 608 | oBcorftacts 408.
illustrates a portion of the substrate the 406 near a side 412 of the the.

As i's i dedieverons mwsB0Zof dontacksd08i e dfged il 41688 RANE atibi
signal lines 702. Typically, the die 406gibs 10 ?%grened gdchgbﬁlﬁfartggltqﬁggfggﬁ\er

|ines 700 4apabfshgdi 400 tRwrd U @én?ermfotﬁia ded iflx@r@@?cth%sgeﬁgﬁtethé‘%%u%g;&ﬁggg;

fromthe side 412 of the die towards the cente X
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. particular, FIG. 7
illustrates a portion of the substrate die 406 near a side 412 of the die. As is identified in
FIG. 7, the die 406 includes power lines 700 and signal lines 702, Typically, the die 406 is
10 formed such that the power lines 700 and signal lines 702 are provided in an alternating
arrangement from the side 412 of the die towards the center of the die. Normally, each of
the power lines 700 further alternate from a positive power line to a negative power line
from the die side 412 towards the center of the die. Accordingly, by way of example, the
power line 700 directly adjacent the side 412 of the die 706 can comprise a negative or
15 ground power line while the next power line inward toward the center of the die 406 can
comprise a positive power line. Although this arrangement is preferred, it is to be
understood that alternative arrangements can be used, if desired. Each power line 700
includes a plurality of power contacts 704. Similarly, each of the signal lines 702 includes a
plurality of signal contacts 706. By way of example, each power contact 704 and signal

20  contact 706 is approximately 125 pm in diameter. Normally, each of the contacts 704,

706 is formed atop an opening (not visible) such as a blind via that extends down into the



conprise a positive power line. Although this arrangenent is mrgfgpgegmﬁit
Is to be wunderstood that alternative arrangenents can be used, | esiTed.
Each power line 700 includes a plurality of power contacts 704. Simlarly,
each of the signal lines 702 includes a plurality of signal contacts 706.
By way of exanple, each power contact 704 and signal 20 contact 706 is
approximately 125 pmin dianmeter. Normally, each of the contacts 704, 706
is formed atop an opening (not visible) such as a blind via that extends
down into the 8 1 5 APR 2005 die and substrate and outward therefromto one
illustrated in FIG S. As is apparent

or nore of 4th I zed | ayers. 504
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l'i nearly arIangeg_alon%Wa straight Iine. However, the signal contacts 706
of the 5 Q‘ﬁH‘F MR8 5702 are arranged in a staggered configuration such
~that each signal contact is positioned diagonal relative to the next signal

contact as the disgnabpdremtefrom FIGVE tise powbrontthtactN 04 ke 5w QN h LA din
the figure. Each of the power contacts 704 is separatled bg aanlgl)ﬂllétggﬁﬁ)aﬁr%
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actual ly slg)aced El e di%t agc,e, d, the signal contacts 706 have an effective
spaci ng_ or PPt dpgongrelaiys tihedest sizmd coptast asdhosighalding,is traversed along

the X direction indicated in the figure. Bach of the power contacts 704 is separated by a
pitch dimension, p,, which normally is constant. By way of example, this pitch can be
approximately 400 pm. The signal contacts 706 on the other hand are separated by a
10 distance, d, that similarly normally is constant. By way of example, the distance, d, can
be approximately 225 um. Although actually spaced the distance, d, the signal contacts
706 have an effective spacing or pitch, ps, of approximately 200 pm. Ac-cordingly,
although the signal contacts 706 are actually separated by a relatively large distance, d,
they are arranged along the sig11a1 line 702 in the X direction so as to have a relatively
15  small pitch.

The staggered configuration of the signal contacts 706 in the signal lines 702
facilitates high signal densities. As noted above, there are Iixnitations on how closely
manufacturers can place the signal contacts (and their associated openings) together. For
instance, at the time of submission of this disclosure, manufacturers have difficulty in

20 placing signal contacts closer than approximately 225 pym in the construction of

substrates. However, with the arrangement shown in FIG. 7, an effective spacing, ps,
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facilitates high signal densities. As noted above, there ar edl [ hm tations on
how cl osely manufacturers can place the signal contacts (an tbe!r Con of
associ ated openings) together. For instance, at the tine of su m|SSI

this disclosure, manufacturers have difficulty in 20 placing signa

. . : ;
tacts ckoser: appr.oxi y 225 pmin the construction o _
gﬁgst rat es '.(l' %@zgﬂﬁgﬁn}aﬁ?ﬁ H—Hb@y?f h;’%ﬁofb)&\gi;i%ﬂgfilg%? Zlig;ahénoaéi&z:)?'lﬁig& i

i ng, . 9 1 5 APR 2005 (i. e., pitc : )
2ohi eved biHesTEgh BTy Hiscoldingly, &eipeal comtaRUichinf 20D pup g e il

Accordingly, a signal contact pitch of 200 m can be achieved while

mai nt ai ni ngfilh nedbtamisp ac228y pntl spRRhEE NbdriEers tl@ﬁ@%@@&%&%@g Itlet A lele be

appreci ated that the foregoing di mensions are pro ; I
ki : : t hat, .as_ manuf gcturers devel op
The’t cohnt Darcuiftal hat the ?orgécbllggedrﬂgﬁglgﬁsogg P r(fvﬁqee‘icg}ﬁt‘ﬁ?ﬁ §? ?ﬁagmée byt act

t he techniques that enable spacing ©o

i | i \ ' , however
densitigs > bl e t.ho st aggering. Regardl ess, he ,
si gnal Sgo n%%%:dtrd@ Q’Sgﬁirsﬁ\égh% cmérggoéjhhﬁt, s %@&F@&WS idgveipps the Teokinidues tthatl

ffectjve spacing. In addition to permtting for
gprglbl gr e\éfe ‘?n%‘i’[z’a ‘%}lgseeré Bﬁﬂcﬁ‘%‘)ﬁ the épgtaﬁﬁs,t %abu;rr qontacs dengijies avill be achievable without

staggering. Regardless, however, signal contact staggering such as that illustrated in FIG.

7 will still enable even smaller effective spacing.
In addition to permitting for smaller effective spacing (i.e., pitch), the staggered
10 arrangement illustrated in FIG. 7 further facilitates connection of the signal contacts 706
to the conductive lines formed within the substrate. As indicated in FIG. 8, many such
conductive lines 800 can be connected with the signal contacts 706 such that the lines 800
are spaced from each other by the distance, Ps. As is apparent from FIG. 8, the signal
contacts 706 are more easily accessible from the sides 412 of the die 406 due to the
15 ‘staggered arrangement of each of the signal lines 702, Furthermore, the staggered
configuration permits a larger number of contacts to be disposed within a gi\}en surface
area (compare FIG. 8 with FIG. 3). Accordingly, higher contact densities are achievable.
This, in turn, facilitates smaller dies 406 and smaller IC chips. Due to thé smaller size of
the dies 406, a larger number of dies can be produced on a given semiconductor wafer
20 such that fabrication yields can be increased. Similarly, due to the greater number of dies

406 that can be formed on the wafer, the impact of wafer defects is attenuated in that a

10



10 arrangenment illustrated in FIG 7 further facilitates conneptzji @@[RSZ Eghe
signal contacts 706 to the conductive lines formed within the su Q .

As indicated in FIG 8, many such conductive |lines 800 can be connected
with the signal contacts 706 such that the Iines 800 are spaced from each
ot her by the distance, ps. As is apparent fromFIG 8, the signal contacts
706 are nore easily accessible fromthe sides 412 of the die 406 due to the
15 staggered arrangenent of each of the signal lines 702. Furthernore, the
staggered configuration permts a |larger nunber of contacts to be di sposed

Wi thin a gi a (compare FIG 8 with FIG 3). Accordingly,
hi gher con%fggge%sﬁfggsoicﬁ%s ér@rﬁr%\?l‘fgll& suchifjeects. n Masgover,f iacthit thet packing
smal l er dies 406 and smaller IC chips. Due to the smaller size of the dies
406, a | ar §&1y Coftas essingrpasdde ther vatioue dontacia puovided 56 Mhe ongiet o y@f er
20 such that fabrication yields can be increased. Simlarly, due to the

gr eat er nufsedic $06 dian desoBingahtlosantobre fpefiphsly OF thd Gie R thatl € d of
waf er defects is attenuated in that a 10 1 5 APR 2005 snal Iaer perogg}?l‘[ctgfgee of

di afifisc fathell (g in ackin densi.t
i es are afifisscfathedyors W salssiad 200 '@heﬁ’é’%ﬁort%ra étﬁ%@ﬁar %‘%&E@ Bhp‘?%g de sity

of the contacts is increased, the vari ous con ace
410 of 5 thRsHiagc406 can be arranged closer to the periphery of the die such
that the conductive |l|ines forned on the substrate 400 can be shorter,

t her eby reduci B%I(S} rg)x?{iance and 5 resistance. FIG 9 illustrates nounting
of an 1C chip ol REALEY, BOTpting: oh e 1€ hino?GA tenthe Gubstrate 400 to form an IC

chip assembly. The IC chip 900 includes a first or top surface 902 and a second or
bottom surface 904. The top surface 902 is provided with a contact arrangement that is
the mirror image of the contact arrangement of the die 406 of the substrate 400.
10 Accordingly, when the IC chip 900 is inverted, it can be placed on top of the die 406 such
that the contacts of the chip aligned with the various contacts of the die 406. This
arrangement is generally known in the art as a flip chip assembly. Once the chip is
positioned on top of the substrate 400, the chip and substrate are heated to melt the
contacts provided on both such that the contacts of the chip joined with the contacts of

15 the die 406 to form an integral circuit chip assembly 906.

11



chip assenbly. The IC chip 900 includes a first or top surface pgz Pgdﬂﬁ”
second or bottom surface 904. The top surface 902 is provided mntﬁ G
contact arrangenent that is the mrror imge of the contact arrangenent of
the die 406 of the substrate 400. 10 Accordingly, when the IC chip 900 is
inverted, it can be placed on top of the die 406 such that the contacts of
the chip aligned with the various contacts of the die 406. This

arrangenent is generally known in the art as a flip chip assenbly. Once the
chipis positioned on top of the substrate 400, the chip and substrate are

heated to nelt t Lovi de n.both such that the contacts of the
chip joined wit h;'iﬁtiﬁé’%ﬁfﬁg&ﬁg@eﬂ%éhtﬁ%lmu%@‘ﬁ&%ﬂlﬁpb?ﬁed int éjaihin the
circuit chf'bg %ﬁfﬁ\efg?% 906. ;11 1 5 APR 2005 Wil e particul ar enbodi nents of
the inventi’OW Hongnd dragangs fon puppstsiof iexarjpie, it fxdill &g ahdgs1d68 6 itRiskon
and draw ngs for purposes of exanple, it will be understood by those

ski | I ed i rikilkd 1mrthe ardhatvwariatiorisond modificoidhs tRaldrens bEhﬁicfc%itﬁﬂﬁ é%ﬁ%ﬁﬁﬁge

wi t hout departing fromthe scope of the invention as set forth in the
fol | owi ng fodmithesscopwof hesiveAten asddt RUOR the & infongacts, 704 are shown
as being arranged along a straight |ine, %% 4% F@Q e&m%%g%yé?%%ﬁmtﬂEFmﬁﬁese
contacts ahdllpdwerlchSh@atiouel ¥, ~arranged in st aggered configuration as
t he signal c?ﬁt acts 706 to ﬁrsthﬁglpa%sng g%sagap RIGRE A straighisiing, it wpilhbg APR

2005 understood that these contacts could, alternatively,

be arranged in a staggered configuration

as the signal contacts 706 to further increase the contact density.

12



CLAIM5 What is clainmed is: 1. A contact arrangenent, conpri singj PR 2005
plurality of signal contacts (706) fornmed along a signal |ine (7 Zﬁ in Q
staggered 5 configuration; wherein the staggered configuration arranges
the signal contacts so as to be diagonally spaced fromeach other al ong
the signal line such that the signal contacts have an effective spacing
along the signal line that is smaller than the actual spacing of the
signal contacts. 10 2. The arrangenent of claim1, conprising a plurality
of signal lines each having a plurality of signal contacts arranged in a
staggered configuration along the signal _line, and a plurality of power
I i nes (700) each having a plurality oﬂlﬁﬂﬂﬂi contacts (704) arranged in a
st rai ght g@%@ 3. Th .arrangenent of claim2, wherein one power line is

b

. arranged EﬁﬂmE§ a¥j acent signal lines. 13 1 5 APR 2005 4. An
el ectrical device, conprising: an outer surface (402,902); and a plurality
of signal contadts (mptdcbmm@embﬂﬂ;lgoﬂpﬁgigg}al line (702) in a staggered
a plurality of signal contacts (706) formed along a signat line (702) in a staggered
5  configuration;
wherein the staggered configuration arranges the signal contacts so as to be

diagonally spaced from each other along the signal line such that the signal contacts have

an effective spacing along the signal line that is smaller than the actual spacing of the

signal contacts.

10 2. The arrangement of claim 1, comprising a plurality of signal lines each
having a plurality of signal contacts arranged in a staggered configuration along the signal

line, and a plurality of power lin_es (700) each having a plurality of power contacts (704)

arranged in a straight line.

3. The arrangement of claim 2, wherein one power line is arranged between

15  adjacent signal lines.

13



configuration on the outer surface; 5 wherein the staggered configuration
arranges the signal contacts so as to be diagonally spaced f riof gBRhZ&ﬁﬁher
al ong the signal line such that the signal contacts have an effective
spacing along the signal line that is | ess than the actual spacing of the
signal contacts. 5. The device of clairm4, further conprising a plurality
of signal lines 10 provided on the outer surface each having a plurality
of signal contacts arranged in a staggered configuration along the |ine,
and a plurality of power |lines (700) each having a plurality of power
contacts (704) grran LD alght |line. 6. The device of claims§5,
wher ei n one powg'r |i%§p?1%&%‘%1§%%‘88%88}%&5- adj acent signal lines. 14 1 5
APR 2005 7. An integrated circuit chip assenbly, conprising: a substrate
(400) having a ?11?8“%121% a"?z%dzséj%h@dpart of an outer surface (402) of the
substrate, the die being provided with a plurality of signal |ines (702)
and power | i nes? Plurddy of signelcontactsh@06) foemed tloh Q%igﬂahﬁné(%'iﬂai@e gech
including a plurality of signal 5 contacts (706? and the power |in each

i ncl udi ng enfiguratibh oy thé omereifagent acts (704), the signal contacts of at

| east one signal line being arranged in a staggered configuration so as to

oo Ul : th I ignal i
sﬁchl ?ﬁ;{lat h)é SWR&SH fHeOQ?aﬁgéng %E)Hﬁé‘ur%g& %Irang%satthe selgarfa c%rlll?ac%sl gs{)] aas tc: ?)?3

diagonally spaced from each other along the signal line such that the signal contacts have

an effective spacing along the signal line that is less than the actual spacing of the signal

contacts,

5. The device of claim 4, further comprising a plurality of signal lines
10 provided on the outer surface each having a plurality of signal contacts arranged in a
staggered configuration along the line, and a plurality of power lines (700) each having a

plurality of power contacts (704) arranged in a straight lipe.

6. The device of claim 5, wherein one power line is arranged between

adjacent signal lines.
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signal contacts have an effective spacing along the at |east 3R§ signal
line that is smaller than the actual spacing of the signal c alkitts 2685 t he
at | east one signal line; and 10 an integrated circuit chip (904) having an
outer surface (902) conprising a plurality of contacts (704, 706), the
contacts being arranged in a mrror image of the contacts of the substrate
such that the contacts of the integrated circuit chip align wth the
contacts of the substrate when the chip is positioned atop the substrate
die. 8. The assenbly of claim7, wherein the signal contacts in the

staggered 15 cenfig ' an.effectiye spacing of approximtely 200

m 9. The assenbiy 01E CI g%tg?xﬁ%ué{%}%aﬁsﬁ@%é?ﬁ?f@n%ﬁﬁt acts in the staggered

configuration hav n.a spaci.ng of approximately 225 pun. 15 15 APR

2005 10. A net h%&%'?sgﬁﬂt%‘rc“bgﬂ%#‘ﬂ@g ® 8ist(4Re)shatcforms bart ofyn duiemsurfics (4029 lof the

contacts (706% in a signal line (702) along a surface of a device,

st agger i ngStgatse diet digrhsing proviledwitiala plonliacsSsighfhel t(q:()@i Hﬂ]ai%o LNg Such
the sig [

that an effective spacing of the signal contacts al ong _ al "1Tne is
smal | er thei00) Hemitarmthe Suispagtis, fe difif Hindd dhortARRARLS 2 bl F 903l

line. 16 15 APR 2005 ABSTRACT

5  contacts (706) and the power lines each including a plurality of power contacts (704), the
signal contacts of at least one signal line being arranged in a staggered configuration so as
to be diagonally spaced from each other along the at least one signal line such that the
signal contacts have an effective spacing along the at least one signal line that is smaller

than the actual spacing of the signal contacts of the at least one signal line; and
10 an integrated circuit chip (904) having an outer surface (902) comprising a
plurality of contacts (704,706), the contacts being arranged in a mirror image of the

contacts of the substrate such that the contacts of the integrated circuit chip align with the

contacts of the substrate when the chip is positioned atop the substrate die.

8. The assembly of claim 7, wherein the signal contacts in the staggered

15  configuration have an effective spacing of approximately 200 pm.

9. The assembly of claim 7, wherein the signal contacts in the staggered

configuration have an actual spacing of approximately 225 ym.
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H GH DENSI TY CONTACT ARRANGEMENT 5 The present disclosure relates to a
contact arrangenent. The contact arrangenent conprises a pl u? iARR 2005
contacts (706) formed along a line (702) in a staggered configuration. The
staggered configuration arranges the contacts so as to be diagonally
spaced from each other along the line such that the contacts have an
effective spacing along the line that is smaller than the actual spacing
of the contacts. In one enbodinent, 10 the contact arrangenent is used to
construct an integrated circuit chip assenbly (906) that conprises a
substrate (400) @avi ggma dﬁi;\g}(406)_ that is provided with a plurality of
signal lines (li 2) etBB T ATapgde Cpneyisf commehingy its surface (402), the
signal lines each _including a plurality of signal contacts (706) and

si gnal cont act sfosming sigred sentasie (Zi6y ik sigh#ldineq762)M S Da LB gaﬁ aggered
configuration so as to be diagonally spaced fromeach ot her f along the at

| east one si gnastagderifie S ' ave .effegtive
spacing al ogg t?lgegeatgl eag?ﬁtgt%ies %@ﬁ%}ﬁlﬁ?%ﬁ?ﬁ%ﬁf Olfhg tg?’rﬁﬁné lipg, speh that g8t yal

spaci ng of i t f,the at | east e signal line. Figure 8
1F7) g ofeffdefive 'sﬁdl"?dg of fif s‘%&aﬁ cOhtacts alorig the mgna? r}.me is gsmaller than the z?ctual

5  spacing of the signal contacts in the signal line.
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