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HIGH DENSITY CONTACT ARRANGEMENT

FIEL.D 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

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
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 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.
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FIG. 1 illustrates an example prior art substrate 100 used in the construction of
such chip assemblies. 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
plurality of contacts 104 that are separately used for signal and power transmission. FIG.
2 illustrates the silicon die 102 shown in FIG. 1 in greater detail. As indicated in this
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 apd power are
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
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 émd the IC chip that attaches to the substrate. To minimize the size of
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
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surface area. Such an arrangement is shown in FIG. 3. By way of example, the contacts

104 of any column 108 can be spaced so as to have a -“pitch,” p, of approximately 225

microns (um).
Unfortunately, there are several limitations on how small this pitch dimension can - - -

be made. First, as contact spacing becomes smaller, it is more difficult to form the
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
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. As is
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
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.
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S Y OF THE INVENTION

The present disclosure relates to a contact arrangement. The contact arrangement. -

comprises a plurality of contacts formed along a line 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, 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
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_conﬁglnation 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. 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.



The features and advantages of the mventxon will hecome apparentupon readingthe . .- . -

.following spec1ﬁcat10n, when taken in wnjunchon with the accompanymg drawmgs*

- BRIEF DESCRIPTION OF THE DRAWINGS: |, |"% & 5 &35 Vove {0 7,

5 .. .  Theinvention can be better understood with reférence to: the -_folloWiﬁg ‘diawings:. - -

. The components in the drawings are not necessatily to-scale, emphasis instead being placed: =

. -upon clearly illustrating the principles of the present invention.
FIG. 1is 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.
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 sthe 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 1llustratmg ‘mounting of an IC chip to the substrate
shown in FIG. 4.
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\we ews . . DETATLED DESCRIPTION

T Referrmgnow in more detail to the drawingé;_:,in-. which::like numerals.:indicate
: cbrrespdnding parts throughout the several views, FIG. 4-illustrates a substrate40Q:0fthe .-~ 7
r X present ianﬂti_on. As is discugsed below, the substrate 400-can-be-used to-form:4nd€:chip: i+

- assembly,(st&H1G:9).:, Such an assembly can be used-in a-varisty of applications:; By way.- =~ -

 processing unit (CPU) and memory within a computing device: (not shown).. <.+ v, ~ =i+

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. -

square;having a plurality of equal sides 404. Each of the sides-404 can .be, for instance, -

- *_approximately 42 millimeters in length.
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- .. FIG. 5 illustrates the substrate 400 in.cross-sectioh. In particular, FIG. 5 illustratesa . - -
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

arranged in a stacked configuration from thé top surface 402 to a bottom surface 502 of the

- substrate 400. Typically, each of the material 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 material layers 500 are metalized layers 504 that are used to transmit

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

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



. the ~variou§.1ayers500 of the: substrate 400 through blind vias (not shown) to. route these

--‘.‘*signél__s-and- power throughout the substrate and ultimately down to‘the bottom surface 502

=y -whiéli‘sixﬁilarly'compﬁ's&ssa pluralify of contact (not shown). -~ -~ -

- ReturnmgtoFIG 4, the substrate 400 further comprises.a die 406 that is positioned

L5 m a-central area of the substrate. Normally, this die 406 is coinposed of a semiconductor " -

.+ matetial such ds-a’ silicon material. As is indicated in FIG. 4; the die 406 comprises a . -

" . plurality'of contacts 408 that are arranged on a top surface 410 of the die 406. Similar to the
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. substrate 400, the die 406 is normally rectilinear in shape and can be, for instance, square in -

shape so ‘as t0 have a plurality of eqﬁal sides 412. - By.way of example, each of these sides

412 can be approximately14 millimeters in length. Beyond the periphery of the die 406 can

. beprovided a plurélity 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.

Turning 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 'groﬁp orientations, it is to
be understood that thls arrangemént is exemplary only and that altemafiw're arrangements are

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

7
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. that separate contact grdups are not nec-essélry'r to the invention. As illustrated in FIG. 6,

-- each of the groups 600 comprises a plurality of rows 602-and columns 604 of contacts 408.

The various rows 602 of contacts 408 are arranged in a staggered relationship from the sides

412 of the die 406 toward the center of the die. . As is discussed in the following, this -

- siaggered'relaﬁonship permits a high density contact arrangement for the dic 406 as well as

the IC chip that mounts to the die.

'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 isidentified in

" FIG. 7, the die 406 includes power lines 700 and signal lines 702. Typically, the die 406 is

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. Nommally, each of
the power lines 700 further alternate ﬁ'om 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

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
contact 706 is approximately 125 ym 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
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die and substrate and outward therefrom to one or more of the metalized laﬁm 504
illustrated in FIG. 5.

. As is apparent from FIG. 7, the poWer contacts 704 in the power lines 700 are
normally linearly arranged aloﬁg a straight line. However, the signal coﬁtacts 706 of the

signal lines 702 are arranged in a staggered configuration such that each signal contact is

~ positioned diagonal relative to the next signal contact as the signal line is traversed along

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

The staggered configuration of the signal contacts 706 in the signal lines 702
facilitates high signal‘ densities. As noted above, there are ﬁmitations 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
placing signal contacts closer than approximately 225 um in the construction of

substrates. However, with the arrangement shown in FIG. 7, an effective spacing, ps,
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(i.e., pitch) of approximately 200 pm is achieved by staggering the signal contacts 706 in
the signal lines 702. Accordingly, a signal contact pitch of 200 um can be achieved while
still maintaining a 225 wm spacing, d, between the signal contacts 706. It will be
appreciated that the foregoing dimensions are provided by way of example only.

Accordingly, it is to be uﬁderstood that, as manufacturers develop the techniques that

enable closer spacing of the contacts, higher contact densities will 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
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 liﬁes 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

-staggered arrangement of each of the signal lines 702. Furthermore, the staggered

configuration permits a larger number of contacts to be disposed within a given 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 the smaller size of

the dies 406, a larger number of dies can be produced on a given semiconductor wafer

"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
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smaller percentage of dies are affected by such defects. Moreover, in that the packing
density of the contacts is increased, the various contacts provided on the surface 410 of
the die 466 can be arranged closer to the periphery of the die such that the conductive
lines formed on the substrate 400 can be shorter, thereby reducing impedance and
resistance.

FIG. 9 illustrates mounting of an IC chip 900 to the substrate 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 confact arrangement of the die 406 of the substrate 400.
Accordingly, when the IC éhip 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

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

11



‘While particular embodiments of the invention have been disclosed in detail in the
foregoing descﬁption and drawings for purposes of example, it will be understood by those
skilled in the art that variations and modifications thereof can be made without deparlmg
from the scope of the invention as set forth in the following claims. For instance, although
the power contacts 704 are shown as being arranged along a straight line, it will be
understood that these contacts could, alternatively, be arranged in a staggered configuration

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

12
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What is claimed is:

1. A contact arrangement, comprising:

a plurality of signal contacts (706) formed along a signal line (702) in a sfaggered
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.

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 lines (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

adjacent signal lines.

13
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4. Anelectrical device, comprising:

an outer surface (402,902); and

a plurality of signal contacts (706) formed along a signal line (702) in a staggered
configuration on the outer surface;

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
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 line.

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

adjacent signal lines.

14
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7. An integrated circuit chip assembly, comprising:

a substrate (400) having a die (406) that forms part of an outer surface (402) of the
substrate, the die being provided with a plurality of signﬂ lines (702) and power lines
(700) formed on the outer sprface, the signal lines each including a plurality of signal
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
s;ignal 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

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 ciréuit chip align with the

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

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

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.

15
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10. A method for arranging contacts, comprising:

forming signal contacts (706) in a signal line (702) along a surface of a device;

staggering the positions of the signal contacts along the signal line such that an
effective spacing of the signal contacts along the signal line is smaller than the actual

spacing of the signal contacts in the signal line.
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