15 APR 2005 5 HI GH DENSI TY CONTACT ARRANGEMENT FI ELD OF THE | NVENTARRN 200%
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 FIELD OF THE INVENTION

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.



5 plurality of contacts 104 that are separately used for si gnaL5§nd power
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transmssion. FIG 2 illustrates the silicon the .1 j
greater detail. As indicated in this figure, the contacts 104 of the2d| is
102 are normally arranged in aligned, linear rows 200 and colums 202.

[ [ he art, each of the contacts 104 is positioned atop an
g;eEngn(hgttvisible) formed in the die's surface through which S|gﬂals and
power are 10 routed into the substrate 100. During fabrication of 508
substrate 100, conductive lines (e.g., silk screened conductors) tari00
extended perpendicularly outward fromthe the 102 within the substrate

as indicated in FIG 3. As shown in this figure, these lines 300 are
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grows, so too does the size of the substrate die an
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figure, the contacts 104 of the die 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



surface area. Such an arrangenent is shown in FIG 3. By way of exanple,
the contacts 104 of any column 108 can be spaced so as to havbﬁaA;Pﬁi 26p. "

p, of approximtely 225 mnicrons (pm. Unfortunately, there are several
limtations on how small this pitch dinmension can 5 be nmade. First, as

contact spacing beconmes smaller, it is nore difficult to formthe
conductive lines that nust connect to these contacts. The fornmation of
these lines is further conplicated by the columar formation of the
contacts. Specifically, it can be difficult to connect to the contacts of
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of contacts ACT es. As is known in the art, this increase in distance
| i kewi se increases i npedance and resistance in the conductive lines in
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Fromthe foregoing, it can be appreciated that it would be desirable to
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avoi ds at | east some of the problens identi

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.



2005 SUMVARY OF THE | NVENTI ON The present disclosure relates to a
goﬁtéﬁ? a?rangenent. The contact arrangenent conprises a pluﬂa$|ABRdm05d
contacts forned along a line in a staggered configuration. The st?ggere o
configuration arranges the contacts so as to be diagonally spaced from ea
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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.



atop the substrate die. 4 15 APR 2005 The features and advant agss @& élﬁg
invention wll becone apparent upon reading the follow ng spe 'f?Q t4oA,
when taken in conjunction with the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON
OF THE DRAW NGS 5 The invention can be better understood with reference to
the follow ng drawi ngs. 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 plan 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- .S.a depail view of the die showmn in FIG 2.
FIG 4is a pl a%h%?egevg%s%‘ g%gt%l&%ﬁ%{’t Ao WHE Rereme pppareniotponrE@ingsthes a
parti al cr@s-secti anal . vi el\ql of the substrate taken along line 5-5in FIG
3. FIG 6 15 4" RRCFHMovhen gken ipfconmactinmith theacedyunying drivGngd. 15 FI G
7 is a detail view of a contact arrangenent used on the die shown in FIG

6. FIG 8 is a detail view of the contact arrangenent of FIG 7 and

i ndicating the provision of signal |ines.

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.
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in nore detail to the drawings, in which |ike nunerals indicate
Qg\rlvrlegpondi ng parts throughout the several views, FIG 4 |IIustrathes a
substrate 400 of the present invention. As is discussed bel ow, t S cuch
substrate 400 can be used to forman IC chip 5 assenbly (see FIfG ). Iu
an assenbly can be used in a variety of applications. By way o exarrpnte,ral
the assenbly can be used as an interface that is provided between a ce
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of example, the assembly can be used as an interface that 18 provided between a central

processing unit (CPU) and memory within a computing device (not shown).

As is illustrated 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
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plurality of contacts 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
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peripheral contacts 416 that are arranged about the die 406. 15 Turning to
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FIG. 7 illustrates the contact arrangement in greater detail. In 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



illustrates a portion of the substrate the 406 near a side 412 ngpESmmﬁe.
As is identified in FIG 7, the die 406 includes power |ines 700 a

signal lines 702. Typically, the die 406 is 10 formed such that the power

| ines 700 and signal lines 702 are provided in an alternating arrangenent
fromthe side 412 of the die towards the center of the die. Normally, each
of the power lines 700 further alternate froma positive power line to a
negative power line fromthe die side 412 towards the center of the die.

Accordingly, by way of exanple, the power line 700 directly adjacent the

side 412 of;.t l.e, 706_can conprjse a negative or 15 ground power |ine
whil e the E‘eex%}?dpgﬁmbg}?a < PRI B5ET P rRnecen meve of tanethlizedOByerars04
conprise a. ﬁﬁSi ti,ve_power line. Although this arrangenent is preferred, it
is to be Umlpied G-Rat alternative arrangenents can be used, if desired.

Each power line 700 includes a plurality of power contacts 704. Simlarly,
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By way of exanple, each power contact 704 and signal 20 cgﬂ%%ct 06 |E§I%
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down ingo ; 05 die and supstrate and qutward therefromto one
or nore of e%rlrl% 2??5?#‘03‘%%?? %%3ggequ: aggn;spchrhat each signal sontpetais ent
fromFI G 7,.the %ower contacts 704 in the power lines 700 are

pdsitioned 'diagonal relative to the next signal contact as the signal line 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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spaci ng, psgr‘.égggeﬁng. 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



15 APR 2005 (i. e., pitch) of approximtely 200 pmis achievef 5by -
staggering the signal contacts 706 in the signal |ines 702. Acco%Rnégq;’, a
signal contact pitch of 200 mcan be achieved while still maintaining a
225 m spacing, d, between the signal contacts 706. It will be appreciated
that the foregoing dinensions are provided by way of exanple only. 5
Accordingly, it is to be understood that, as manufacturers devel op the
techni ques that enable closer spacing of the contacts, higher contact
densities will be achi evable w thout staggering. Regardl ess, however,
signal con i.ng. such as.that illustrated in FIG_ 7 will still
enabl e eve%ﬁgﬂ%ﬁé%‘%%ggfe t?ﬁ?ﬁea@&zﬁ%@.bﬂ #hchdsfedts n Maseqysr,mint thah thef packing
smal | er effect. vef: pacing (i.e., pitch), the staggered 10 arrangenent
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configuration permts a |arger nunmber of contacts to be disposed within a
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406 and smijll_ler | C chips. Due to the smaller size of
chip assembly. e 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



the dies 406, a | arger nunber of dies can be produced on a gi ven R 2005
sem conduct or wafer 20 such that fabrication yields can be incr egsé‘g. G
Simlarly, due to the greater nunber of dies 406 that can be fornmed on the
waf er, the inpact of wafer defects is attenuated in that a 10 1 5 APR 2005
smal | er percentage of dies are affected by such defects. Mreover, in that
the packing density of the contacts is increased, the various contacts
provi ded on the surface 410 of the die 406 can be arranged cl oser to the
peri phery of the die such that the conductive |ines forned on the
substrate 400 cafy; ther eb educi ng i npedance and 5 resistance.
FIG 9 illust ratﬁgglgﬁoa&%ﬁagngﬁfgpdl nﬁé}/féh? Hvepien: havierhsen disslosed i @04l imthizor m
an I C Chiiﬁ) asser%%ﬁ. The | C chip 900 includes a first or top surface 902
and a secondegre piopand &ofar pupeses of examplacie Wil Be uad@soud 89dhoet h a
contact arrangenent that is the mrror inmage of the contact arrangenent of
the di e 40%kl mHbe axibatratiatiotBond odicaiots Hkesf cuh R hiR &%&Rid%ﬁ%(aﬁ s
inverted, it can be placed on top of the die 406 such that the co acks of

the chip dranytieedscopé bf thie énweario®sset G B ﬁﬂcllo%?xf% %EJg%sf'gf@og é%ﬂsﬁﬁyﬂ%%‘é t he

arrangenment is generally known in the art as a

chip is pBsSipbivenedniatst"#R ~sybst.rate 400, the chip and supstrate are
heated to melt the  cont act%gp%lgslpd%dé%ﬂgﬁgﬁﬂg flgng 1 sraighd bngtiacovidl be t he

chip joi negqwdlq ke el E:gn%c%s c(:)cfuld, alternatively, be arranged in a staggered configuration

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

12



15 the die 406 to forman integral circuit chip assenbly 906. 1F51A?5Aﬁﬁﬁ
2005 Whil e particul ar enbodi nents of the invention have been discl osed
detail in the foregoing description and draw ngs for purposes of exanple,
it wll be understood by those skilled in the art that variations and
nodi fications thereof can be nmade w thout departing fromthe scope of the
invention as set forth in the followi ng clains. For instance, although 5
t he power contacts 704 are shown as being arranged al ong a straight |ine,
it will be wunderstood that these contacts could, alternatively, be
arranged in a staggered configuration__as the signal contacts 706 to
further increase the contact density.glégiﬂg APR 2005 CLAI M5 What is
clainmed is;,1,.A.contact arrangenent, conprising: a plurality of signal
. contacts ($BE§”$%WHE€1§Iong a signal line (702) in a staggered 5
configuration; wherein the staggered configuration arranges the signal
contacts so as o beAxwm&gbmahmynﬁﬂ@e@ﬂpﬁﬁﬁgleach ot her along the signa
| ine such that the signal contacts have

a plurality of signal contacts (706) formed along a signal 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



an effective spacing along the signal line that is smaller than_the actual
spacing of the signal contacts. 10 2. The arrangenent of claimd1APR 2005
conprising a plurality of signal lines each having a plurality of signa
contacts arranged in a staggered configuration along the signal |ine, and
a plurality of power lines (700) each having a plurality of power contacts
(704) arranged in a straight line. 3. The arrangenent of claim2, wherein
one power line is arranged between 15 adjacent signal lines. 13 1 5 APR
2005 4. An electrical device, conprising: an outer surface (402,902); and

a plurality of gignal 706) forned along a signal line (702) in a
staggered confi guraﬁntc)égg%hg&{lﬁg lg?ftc)gplp%%ace; 5 wherein the staggered

configuration arranges the signal contacts so as to be diagonally spaced
from each otherm%PW%bmFﬁﬁegﬁg%ngﬁﬂiesuch that the signal contacts have

an effective spacing along the signal line that is |ess than the actual
spaci ng of the &Ph¥dity of signalctostacks (7U6Efotevi alengfa segrdl hé (7029"ih t&ers‘?;aggered
conprising a plurality of signal lines

configuration on the outer surface;

5 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 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.

14



10 provided on the outer surface each having a plurality of si gnal cont acts
arranged in a staggered configuration along the line, and a pl 106 ah y'.’ﬁﬂﬁ‘
power lines (700) each having a plurality of power contacts (704) arranged
in a straight line. 6. The device of claim5, wherein one power line is
arranged between adjacent signal lines. 14 1 5 APR 2005 7. An integrated
circuit chip assenbly, conprising: a substrate (400) having a die (406)
that forns part of an outer surface (402) of the substrate, the die being
provided with a plurality of signal Iines (702) and power |ines (700)

formed on the oyter naI s each .including.a plurality of
signal 5 contacts (7%&%?%9%“6 p?ﬁs ﬁfe&@ﬁpﬂﬁégudl ng a plurality of

power contacts (7 gnal contacts of at |east one signal line
bei ng arranged % Oggt@fea@g@é@l%ﬁfiﬁdﬂg@tth@rfowwof:m deercsuazon pd02y oFBRC ed
from each other aI ong the at |east one signal line such that the signal

contacts hauRstrats, der digtheing Boaided gvitit arpdurtaliey 6f SIF@S‘IDGQWO?)' ?{aai%m{,épﬁ?éshat

is smaller than the actual spacing of the signal contacts ‘o east

one si gnal (100hdornzmddoril theasutenbaica! 88 Gt '("(f ha |n an,. out
surface (902) conprising a plural ] ty o% acgfrlll%%%lfiusip g@ﬁﬁ)%)p urg ‘é’%ﬁ‘gﬁ ts
ontacts..of the substrate such

bei ng a3 r apgRghtd (1706% fd fRlp owqiﬁ?éj%cigil?céﬂﬁpg 2 1Ha]éliy| A Power Kontaets (704), the

that the contacts of the integrate

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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contacts of the substrate when the chip is positioned atop th?rgubstrate
die. 8. The assenbly of claim7, wherein the signal contacts it tAR 2005
staggered 15 configuration have an effective spacing of approximtely 200
m 9. The assenbly of claim7, wherein the signal contacts in the staggered
configuration have an actual spacing of approximtely 225 pun. 15 15 APR
2005 10. A nethod for arrangi ng contacts, conprising: form ng signal
contacts (706) in a signal line (702) along a surface of a device;
staggering the positions of the signal contacts along the signal |ine such
t hat an effect'(\fe sggﬂgli Hg f the signal contacts along the signal line is
smal | er than the™act ethed ioyserapgingicontaetsstommuisingont acts in t he si gnal
line. 16 15 APR 2005 ABSTRACT HI GH DENSI TY CONTACT ARRANGEMENT 5 The
present discl osfﬂ@lnﬂlmaésontmta(m@hasbigﬁﬁlnﬁﬁqw(]r,_?rhqon T:Pﬁxr?ag%?ﬁtdevice-

0 a

arrangenment conprises a plurality of contacts 6) Torne ong aline

(702) in a staggeggeting CRNHoIHSRL dORe sic nfiquyration _arranges

the contacts so as to be gi agonal 1y © i1 ShRAAS bRflg HRE signal fine Stch that an
effective spacing of the signal contacts along the signal line is smaller than the actual

5  spacing of the signal contacts in the signal line.
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spaced from each other along the line such that the contacts hpvjeA@tR 2005
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) having a die (406) that is provided with a plurality of

signal lines (702) and power lines (700) fornmed on its surface (402), the
signal lines each including a plurality of signal contacts (706) and
signal contacts of at |east one signal line are arranged in a staggered
configuration so as to be diagonally spaced fromeach other 15 along the at
| east one signal |ine such that the:&ﬂgﬂgﬁﬁﬁbntacts have an effective
spacing along the at |east one signal line that is smaller than the actual
spacing of the signal contacts of the at |east one signal line. Figure 8
17

HIGH DENSITY CONTACT ARRAN GEMENT

5 The present disclosure relates to a contact arrangement. The contact arrangement
comprises a plurality of 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 embodiment,

10 the contact arrangement is used to construct an integrated circuit chip assembly (906) that
comprises a substrate (400) having a die (406) that is provided with a plurality of signal
lines (702) and power lines {700) fdnned on its surface (402), the signal lines each
including a plurality of signal contacts (706) and signal contacts of at least one signal line
are arranged in a staggered configuration so as to be diagonally spaced from each other

15  along the at least one signal line such that the signal contacts have an effectivé 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.

Figure 8
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