a9 United States

20010013663A

a2 Patent Application Publication (o) Pub. No.: US 2001/0013663 A1l

TAYLOR et al.

(43) Pub. Date: Aug. 16, 2001

(54) INTEGRATED CIRCUIT DEVICE HAVING
C4 AND WIRE BOND CONNECTIONS

(76) TInventors: GREGORY F. TAYLOR,
PORTLAND, OR (US); GEORGE L.
GEANNOPOULOS, PORTLAND, OR
(Us)

Correspondence Address:

ROLAND B CORTES

BLAKELY SOKOLOFF TAYLOR & ZAFMAN

12400 WILSHIRE BOULEVARD

7TH FLOOR

LOS ANGELES, CA 90025
(*) Notice:  This is a publication of a continued pros-
ecution application (CPA) filed under 37
CFR 1.53(d).

(21) Appl. No.: 08/989,946

(22) Filed: Dec. 12, 1997

Publication Classification

nt. CL.7 ... ; 5
51) Int. CL7 HO1L 23/48; HO1L 23/52
HO1L 29/40

(52) US.Cl oo 257/786

(7) ABSTRACT

An integrated circuit having a first plurality of wire bond
pads located along a horizontal axis, a second plurality of
wire bond pads located along a vertical axis, and a plurality
of C4 pads arranged in a grid array wherein each grid is
defined by the intersection of one of the first wire bond pads
and one of the second wire bond pads.
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INTEGRATED CIRCUIT DEVICE HAVING C4 AND
WIRE BOND CONNECTIONS

FIELD OF THE INVENTION

[0001] The present invention relates to a connection net-
work for providing power, ground and I/O signals to an
integrated circuit device and, more particularly, to an inte-
grated circuit device having both C4 and wire bond pads.

BACKGROUND OF THE INVENTION

[0002] Within the integrated circuit industry there is a
continuing effort to increase integrated circuit speed as well
as device density. As a result of these efforts, there is a trend
towards using flip chip technology when packaging complex
high speed integrated circuits. Flip chip technology is also
known as controlled collapse chip connection (C4) technol-
ogy. In C4 technology, the integrated circuit die is flipped
upside down. This is opposite to how integrated circuits are
packaged today using wire bond technology. By flipping the
integrated circuit die upside down, solder balls may be used
to provide direct electrical connections from the bond pads
of the die directly to a corresponding set of pads on a
package.

[0003] In the following discussion reference will be made
to a number of drawings. The drawings are provided for
descriptive purposes only and are not drawn to scale.

[0004] FIG. 1 illustrates an integrated circuit die 102 that
is housed in a cavity 105 of a PGA (Pin Grid Array) package
110. The integrated circuit die includes a semiconductor
substrate 103 having a top surface 107 and a back side
surface 108. The active regions 109 of the integrated circuit
are formed from the top surface 107 of the of the semicon-
ductor substrate 103. Wire bonds 104 are used to electrically
connect integrated circuit connections in integrated circuit
die 102 through internal metal interconnects to the pins 106
of package substrate 110. With the trend towards high speed
integrated circuits, the inductance generated in the wire
bonds 104 of the typical wirebonded integrated circuit
packaging becomes an increasingly significant problem.

[0005] FIG. 2 illustrates a C4 mounted integrated circuit
die 202 that is electrically coupled to a PGA (Pin Grid Array)
package 210 by ball bonds 204. Die 202 includes a semi-
conductor substrate 203 that has a top surface 208 and a back
side surface 207. The active regions 209 of the integrated
circuit are formed from the top surface 208 of the of the
semiconductor substrate 203. Because the bond pads of
integrated circuit device 202 are located on the topside
surface 208 of the device, the die must be flipped upside
down so that it may be attached to package 210. In com-
parison with the wire bonds 104 of FIG. 1, the ball bonds
204 of integrated circuit device 202 provide more direct
electrical connections between the integrated circuit device
202 and the pins 206 of package substrate 210. As a result,
the inductance problems associated with typical integrated
circuit wire bond packaging technologies are minimized.
Unlike wire bond technology, which only allows bonding
along the periphery of the integrated circuit die, C4 tech-
nology allows connections to be placed anywhere on the
integrated circuit die surface. This leads to a much cleaner
and more efficient power distribution to the integrated circuit
which is another major advantage of C4 technology.
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[0006] Although the trend in the industry is moving
toward using C4 technology when packaging complex high
speed integrated circuits, the use of wire bond technology
does offer the advantages of lower costs and better avail-
ability.

SUMMARY OF THE INVENTION

[0007] The present invention provides an integrated cir-
cuit having a plurality of wire bond pads and a plurality of
C4 pads with at least one of the C4 pads being electrically
coupled to at least one of the wire bond pads.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention is illustrated by way of
example and is not limited by the figures of the accompa-
nying drawings, in which like references indicate similar
elements, and in which:

[0009] FIG. 1 illustrates an integrated circuit device that
is wire bonded to a package using standard wire bond
technology;

[0010] FIG. 2 illustrates an integrated circuit device that
is mounted to a package using C4 technology;

[0011] FIG. 3A is a top view of an integrated circuit
device having both wire bond pads and C4 bond pads in one
embodiment of the invention;

[0012] FIG. 3B shows the power, ground and I/O con-
nections of the integrated circuit device shown in FIG. 3A;

[0013] FIG. 3C is a cross-sectional side view of an
integrated circuit in one embodiment of the invention; and

[0014] FIG. 4 illustrates a wire bond and C4 pad grid
structure in one embodiment of the invention.

DETAILED DESCRIPTION

[0015] An integrated circuit device having both wire bond
pads and C4 pads is described. In the following description,
numerous specific details are set forth in order to provide a
thorough understanding of the present invention. However,
it will be obvious to one of skill in the art that the invention
may be practiced without these specific details. In other
instances, well known elements have not been shown in
particular detail in order to avoid unnecessarily obscuring
the present invention.

[0016] In FIG. 3A, an integrated circuit device 300 is
shown having a plurality of wire bond pads 304 and C4 pads
306 located on the frontside 302 of the device. The wire
bond pads 304 are arranged along horizontal rows 310a and
3105 and vertical rows 3124 and 312b. The wire bond pads
304 and C4 pads 306 each include power connections
(VCO), ground connections (VSS), and input/output (I/0)
connections. In accordance with the present invention, inte-
grated circuit device 300 may be electrically coupled to a
package by either of wire bond pads 304, or C4 pads 306.

[0017] As shown in FIG. 3B, each of the C4 pads 306 is
electrically coupled to one of the wire bond pads 304 that is
located at or near the periphery of the integrated circuit
device 300. For simplicity reasons, every wire bond pad is
not shown being coupled to a corresponding C4 pad in FIG.
3B. Note, however, that it is preferable that every wire bond
pad is to have a corresponding C4 connection.
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[0018] FIG. 3C shows a cross-sectional side view of a
portion of integrated circuit device 300. As shown in FIG.
3C, device 300 includes an electrical interconnection net-
work comprising a plurality of metal layers 330 and con-
ductive vias 332. The wire bond pads 304 are coupled to the
C4 pads 306 through the metal layers 330 and conductive
vias 332. In another embodiment, the wire bond pads 304
and C4 pads 306 are coupled in the same metal layer.

[0019] In order to make it easier to route the electrical
connections connecting the wire bond pads 304 to the C4
pads 306, the C4 pads 306 are placed in alignment with the
wire bond pads 306. As shown in FIG. 3A, C4 pads 306 are
arranged in a grid array with each grid defined by the
intersection of one of the wire bond pads in horizontal row
3104 or 310b and one of the wire bond pads in vertical row
312a or 312b.

[0020] As mentioned above, the wire bond pads 304 and
C4 pads 306 cach comprise power connections, ground
connections and I/O connections. With reference to FIG.
3B, the C4 I/O connections 344 are arranged in two rows
along the outer edges of the C4 pad grid array. Each of the
C4 T/O connections 344 are electrically coupled to one or
more wire bond I/O connections 354. The C4 power con-
nections 340 and ground connections 342 are located within
the center portion of the C4 pad grid array. The C4 power
connections 340 are arranged in vertical rows and are
electrically coupled to form a plurality of power buses 360.
Each C4 power bus 360 is electrically coupled to one or
more wire bond pad power connections 350. The C4 ground
connections 342 are also arranged in vertical rows and are
electrically coupled to form a plurality ground buses 362.
The C4 ground buses are electrically coupled to one or more
wire bond ground connections 352. The C4 pads in the
power and ground buses are coupled by traces in the top
metal layer of the integrated circuit device. In one embodi-
ment, the metal traces have the same width as the C4 pads
to maximize the utilization of the top metal layer Each
ground bus 362 is located adjacent at least one power bus
360. The inductance created by the opposing currents in the
adjoining ground and power buses cancels most of the self
inductance of these currents. In addition, the power and
ground bus arrangement reduces the horizontal IR drop
between the respective power and ground buses.

[0021] In a wire bond die power buses are needed to carry
current from the periphery into the core of the die and back
out. The voltage drop due to the long resistance path reduces
the power supply voltage across the gates of the integrated
circuit. The reduction in voltage reduces the performance of
the gates. The resistance path between the power supply and
the gates is reduced when C4 bumps are placed along the
length of these buses. This results in a lower voltage loss due
to IR drops, which in turn results in faster gate speeds. As the
number of power supply C4 pads on a die of a given size
increases, the density of the C4 pads will also increase
resulting in a lower supply voltage IR drop. Since the
maximum current density of C4 pads is less than that of the
wire bond pads, the wire bond power connections 350 are
coupled to the C4 power buses 360 along a metal trace
connecting two of the C4 power connections 340 to account
for the current density mismatch by distributing the current
evenly between two C4 bumps.

[0022] Asdiscussed above, in order to provide a wire bond
and C4 pad layout that makes it easier to route the electrical
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connections between the pads, the C4 pads 306 of the
present invention are placed in alignment with the wire bond
pads 304. In addition to aligning the C4 pads 306 with the
wire bond pads 304, the C4 pad layout is arranged in a
repeatable fashion.

[0023] 1In FIG. 4, a grid structure 400 representing a
portion of an integrated circuit device is shown in one
embodiment of the present invention. A horizontal row 410
of wire bond pads 404 and a vertical row 412 of wire bond
pads 404 define the grid structure 400. Each of wire bond
pads 404 has a width of 68 microns and a length of 150
microns. The C4 pads 406 are located within grids 402
measuring 68 micrometers square and are patterned such
that the nearest adjoining C4 pads are diagonal to one
another. In the embodiment of FIG. 4, the nearest adjoining
C4 pads are separated by three grids in the horizontal
direction and two grids in the vertical direction. The center-
to-center distance between one C4 pad and four of its nearest
neighboring C4 pads is 245.2 microns (D1). The center-to-
center distance between a C4 pad and its next closest
neighboring C4 pad(s) is 272 microns (D2). This C4 pad
layout pattern is repeatable across the entire C4 pad grid
layout. This feature simplifies the pad layout and reduces the
likelihood that mistakes will be made during the design
process. The repeatable structure makes it easier to analyze
the circuits by providing uniform wire width, resistance,
spacing, etc.. In addition to aligning the C4 pads 406 with
the wire bond pads 404, the C4 pad layout is arranged in a
manner that maximizes the C4 pad density and permits a
greater spacing between the ground and power connections.
This arrangement is close to an ideal hexagonal arrangement
which would provide the closest possible pad density. In
addition, the arrangement provides a pad configuration that
is easily and repeatably wired.

[0024] Maximizing the C4 pad density provides benefits
to both the power supplies and the signals. Increasing power
supply pad density reduces the IR drop to the gates of the
device. Increasing signal density allows the signal C4 pads
to be placed closer to the edge of the die. This reduces the
C4 pads’ impact on metal utilization, coupling to internal
signals, and signal IR drop on the heavily loaded I/O signals.
In addition, this reduces the length and complexity of the
signal routing in the device.

[0025] It is important to note that the diagonal relationship
between the C4 pads 404 and the grid size of the C4 pad grid
structure 402 will vary depending upon the wire bond pad
and C4 pad pitch requirements.

[0026] Thus, an integrated circuit device having both wire
bond pads and C4 pads is described. Although many alter-
ations and modifications to the present invention will no
doubt become apparent to the person of ordinary skill in the
art after having read the foregoing description, it is to be
understood that the particular embodiments shown and
described by way of illustration are in no way intended to be
limiting. It is further understood that the relative dimensions,
geometric shapes, and materials set forth within the speci-
fication are exemplary of the disclosed embodiments only.
Other embodiments may utilize different dimensions,
shapes, and materials, etc., to achieve substantially the same
results.
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What is claimed is:
1. An integrated circuit comprising:

a first plurality of wire bond pads; and

a plurality of C4 pads, at least one of said C4 pads being
electrically coupled to at least one of said wire bond
pads.

2. The integrated circuit of claim 1 further comprising a
second plurality of wire bond pads arranged along a vertical
axis and wherein said first plurality of wire bond pads is
arranged along a horizontal axis, said C4 pads arranged in a
grid array wherein each grid is defined by the intersection of
one of said first wire bond pads and one of said second wire
bond pads.

3. The integrated circuit of claim 1 wherein the nearest
adjoining C4 pads are located diagonal to one another.

4. The integrated circuit of claim 2 wherein said first wire
bond pads, said second wire bond pads and said C4 pads
each comprise power connections, ground connections, and
I/O connections.

5. The integrated circuit of claim 4 wherein said C4 power
connections are divided into a first set of horizontal rows and
electrically coupled to form a plurality of power buses.

6. The integrated circuit of claim 5 wherein said C4
ground connections are divided into a second set of hori-
zontal rows to form a plurality of ground buses, each of said
ground buses being located adjacent one of said power
buses.

7. The integrated circuit of claim 5 wherein at least one of
said second wire bond pad power connections is coupled to
one of said power buses, the connection being made between
two of said C4 power connections.

8. An integrated circuit comprising:

a first plurality of wire bond pads located along a hori-
zontal axis;

a second plurality of wire bond pads located along a
vertical axis; and

a plurality of C4 pads arranged in a grid array wherein
each grid is defined by the intersection of one of said
first wire bond pads and one of said second wire bond
pads.

9. The integrated circuit of claim 8 wherein the nearest

adjoining C4 pads are located diagonal to one another.

10. The integrated circuit of claim 8 wherein said first
wire bond pads, said second wire bond pads and said C4
pads each comprise power connections, ground connections,
and I/O connections.

11. The integrated circuit of claim 10 wherein said C4
power connections are divided into a first set of horizontal
rows and electrically coupled to form a plurality of power
buses.

12. The integrated circuit of claim 11 wherein said C4
ground connections are divided into a second set of hori-
zontal rows to form a plurality of ground buses, each of said
ground buses being located adjacent one of said power
buses.

13. The integrated circuit of claim 11 wherein at least one
of said second wire bond pad power connections is coupled
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to one of said power buses, the connection being made
between two of said C4 power connections.
14. An integrated circuit comprising:

a first plurality of wire bond pads located along a hori-
zontal axis;

a second plurality of wire bond pads located along a
vertical axis; and

a plurality of C4 pads arranged in a grid array, each grid
defined by the intersection of one of said first wire bond
pads and one of said second wire bond pads, and
wherein the nearest adjoining C4 pads are located
diagonal to one another.

15. The integrated circuit of claim 14 wherein said first
wire bond pads, said second wire bond pads and said C4
pads each comprise power connections, ground connections,
and I/O connections.

16. The integrated circuit of claim 15 wherein said C4
power connections are divided into a first set of horizontal
rows and electrically coupled to form a plurality of power
buses.

17. The integrated circuit of claim 16 wherein said C4
ground connections are divided into a second set of hori-
zontal rows to form a plurality of ground buses, each of said
ground buses being located adjacent one of said power
buses.

18. The integrated circuit of claim 16 wherein at least one
of said second wire bond pad power connections is coupled
to one of said power buses, the connection being made
between two of said C4 power connections.

19. An integrated circuit comprising:

a first plurality of wire bond pads located along a hori-
zontal axis, said first wire bond pads comprising power
connections, ground connections and I/O connections;

a second plurality of wire bond pads located along a
vertical axis, said second wire bond pads comprising
power connections, ground connections and I/O con-
nections; and

a plurality of C4 pads arranged in a grid array, each grid
defined by the intersection of one of said first wire bond
pads and one of said second wire bond pads, and
wherein the nearest adjoining C4 pads are located
diagonal to one another, said C4 pads comprising
power connections, ground connections and I/O con-
nections, said C4 power connections being divided into
a first set of horizontal rows and electrically coupled to
form a plurality of power buses, said C4 ground con-
nections being divided into a second set of horizontal
rows to form a plurality of ground buses, each of said
ground buses being located adjacent one of said power
buses and at least one of said second wire bond pad
power connections being coupled to one of said power
buses along a trace coupling two of said C4 power
connections.



