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A CONTACT PAD AND METHOD OF FORMING
A CONTACT PAD FOR AN INTEGRATED CIRCUIT

FIELD OF THE INVENTION
The present invention relates generally to integrated circuits, and in particular, to

a contact pad and a method of forming a contact pad for an integrated circuit.

BACKGROUND OF THE INVENTION

As the demand for smaller electronic devices continues, the dimensions of
components used In such devices must decrease. Integrated circuit packages
found In electronic devices are no exception. One common way that
manufacturers have decreased the size of integrated circuit packages is through
the use of solder balls. In a flip chip design, for example, solder bumps on a die
are used eliminate wire bonds from the die to a substrate of the integrated circuit
package. Thatis, a solder ball, often called a solder bump when formed on a
contact pad of the die, enables a connection between the contact pad of the die
and a corresponding contact pad of the substrate, as is well known in the art.
Similarly, solder balls of a Ball Grid Array (BGA) device eliminate the need for
leads normally used to connect the integrated circuit package to another device,
such as a printed circuit board. In either case, the array of solder bumps on a
die of a flip chip device or solder balls on a BGA package increases the
iInput/output (I/0O) density of the device by enabling the positioning of I/O pads
anywhere on the die or integrated circuit package. In addition to reducing size of
the integrated circuit package, the elimination of wire bonds and leads from a
conventional package also lowers inductance and resistance, and provides
better noise performance.

However, as with any bonding technique, it is important to ensure that the solder
bumps or solder balls provide a reliable connection. In manufacturing
semiconductor components, it is iImportant that the components are free of
defects and remain reliable throughout their use. When defects are present In
an integrated circuit package, the percentage of usable devices decreases, and
the profitability of the manufacturer will be impacted. Further, when an electronic
device has an integrated circuit package which has a defective connection of a

solder ball, the integrated circuit may function improperly or fail, and may cause
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an electronic device having the integrated circuit to function improperly or even
stop functioning. Accordingly, it is important that defects in integrated circuit
packages are minimized whenever possible.

One common source of failures in integrated circuit packages is found where
components are soldered to contact pads. Many components are soldered to
contact pads using solder balls which are reflowed when the component is
placed. For example, a flip chip is soldered to a substrate by reflowing a plurality
of solder bumps on the flip chip, and a ball grid array (BGA) is soldered to a
printed circuit board by reflowing a plurality of solder balls on the BGA, as is well
known In the art. Failures in the solder connection may be caused by a variety
of defects in materials, such as poor solder quality, inadequate solder amount or
other factors. On common cause of failures when soldering a flip chip to a
substrate in a BGA device, or soldering a BGA device to a printed circuit board,
IS a solder crack at a junction with the contact pad. The crack normally initiates
and propagates at the interface between contact pad and the solder ball. A BGA
package reduces real estate requirements of a printed circuit board, provides
more circuitry per unit area and facilitates automation of substrate assembilies.
Hence, the demand of BGA packages has increased dramatically over last
several years. However, the thermo-mechanical reliability of these packages is
a concern for the electronics industry. The board level reliability of a solder joint
IS one of the most critical issues for the successful application of a BGA. While it
IS well know that increasing a solder ball pad opening size may improve the
solder joint reliablility, the pad opening size must be within a certain size which
may not be increased for high density package design.

Accordingly, there is a need for an improved contact pad and method of forming

a contact pad for an integrated circuit.

SUMMARY OF THE INVENTION

A contact pad of an integrated circuit is disclosed. The contact pad comprises a
flat portion comprising a base of the contact pad; a plurality of projections
extending from and substantially perpendicular to the flat portion; and a solder
ball attached to the projections and the flat portion. The plurality of projections

may comprise pillars having different heights. Further, the contact pad may
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comprise a contact pad on a die, a contact pad on a substrate of the integrated
circuit, or both.

A contact pad of an integrated circuit according to an alternate embodiment
comprises a flat portion comprising a base of the contact pad; a plurality of
projections formed on and extending from the flat portion, the plurality of
projections having a range of heights comprising short projections near outer
ends of the contact pad extending toward a tall projection near a center of the
contact pad; and a solder ball attached to the projections and the flat portion.
The projections may comprise straight projections or tapered projections.

A method of forming a contact pad for an integrated circuit is also disclosed.

The method comprises forming a flat portion having a base of the contact pad,;
forming a plurality of projections extending from and substantially perpendicular
to the fiat portion; and attaching a solider ball to the plurality of projections and
the flat portion. The plurality of projections may be formed by forming at least
one metal layer or by etching at least one metal layer. The projections may
comprise short projections near ends of contact pad and a tall projection near
the center of the contact pad. The contact pads may be formed on a die of an
integrated circuit package or on a substrate of an integrated circuit package.

In one aspect, the invention is a contact pad of an integrated circuit. The contact
pad comprises a flat portion comprising a base of the contact pad,a plurality of
projections extending in a first direction, each projection of the plurality of
projections having a different height at a highest point, wherein each projection
of the plurality of projections has a plurality of plateaus having different heights,
and wherein the plurality of plateaus of a projection of the plurality of projections
extends in a substantially straight line in a second direction that is perpendicular
to the first direction and a solder ball attached to the plurality of projections and
the flat portion.

The plurality of projections may comprise projections at outer ends of the contact
pad which are shorter than a projection near a center of the contact pad, and/or
the plurality of projections may comprise projections at outer ends of the contact
pad which are taller than a projection near a center of the contact pad.

The number of plateaus in the projection of the plurality of projections may vary
depending upon a height of the projection.
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Each of the plurality of projections may have at least a first plateau and a second
plateau, and a height of a first projection of the plurality of projections that is
different than a height of a second projection of the plurality of projections, and
the number of plateaus in the first projection of the plurality of projections may be
different than the number of plateaus in the second projection of the plurality of
projections.

A first plateau and a second plateau of a first projection of the plurality of
projections may extend in a substantially straight line in a second direction that is
perpendicular to the first direction.

In another aspect, the invention is a method of forming a contact pad for an
integrated circuit. The method comprises forming a flat portion comprising a
base of the contact pad, forming a plurality of projections extending in a first
direction, each projection of the plurality of projections having a different height
at a highest point, wherein each projection of the plurality of projections has a
plurality of plateaus having different heights, and wherein the piurality fo plateaus
of a projection of the plurality of projections extends in a substantially straight
line in a second direction that is perpendicular to the first direction and attaching
a solder ball to the plurality of projections and the fiat portion.

Forming a plurality of projections may comprise forming or etching at least one
metal layer.

The plurality of projections may comprise projections extending from projections
near outer ends of the contact pad which are shorter than a projection near a
center of the contact pad, or projections extending from projections near outer

ends of the contact pad which are taller than a projection near a center of the
contact pad.

The number of plateaus in the projection may vary depending upon a height of
the projection.

In a more partial aspect, a first plateau and a second plateau of a first projection

of the plurality of projections may extend in a substantially straight line in a
second direction that is perpendicular to the first direction.

The foregoing was intended as a summary only and of only some of the aspects
of the invention. It was not intended to define the limits or requirements of the
invention. Other aspects of the invention will be appreciated by reference to the

3A
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detailed description of the preferred embodiments. Moreover, this summary
should be read as though the claims were incorporated herein for completeness.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a cross-sectional view of an integrated circuit package having contact
pads according to an embodiment the present invention;

Fig. 2 is a cross-sectional view of a conventional contact pad showing a crack
formed in the bond between the contact and the solder ball;

Fig. 3 is a cross-sectional view of a contact pad having a plurality of projections
taken in the "x" direction according to an embodiment of the present invention;

Fig. 4 is a cross-sectional view of the contact pad of Fig. 3 taken at line A-Ain

the "y" direction according to an embodiment of the present invention;

Fig. 5 is a cross-sectional view of the contact pad of Fig. 3 taken at line A-A in
the "y" according to an alternate embodiment of the present invention;

Fig. 6 is a cross-sectional view of the contact pad of Fig. 3 taken at line B-B in
the "y" according to an embodiment the present invention;

Fig. 7 is a cross-sectional view of the contact pad of Fig. 3 taken at line C-C in
the “y" according to an embodiment of the present invention;

38
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Fig. 8 Is a cross-sectional view of a contact pad having projections taken in the
X" direction according to an alternate embodiment of the present invention;

Fig. 9 Is a cross-sectional view of the contact pad of Fig. 8 taken at line A-A In
the "y” according to an embodiment of the present invention;

Fig. 10 is a cross-sectional view of the contact pad of Fig. 8 taken at line B-B In
the "y” according to an embodiment of the present invention;

Fig. 11 Is a cross-sectional view of the contact pad of Fig. 8 taken at line C-C In
the "y” according to an embodiment the present invention;

Fig. 12 Is a cross-sectional view of a contact pad having projections taken in the
X" direction according to another embodiment of the present invention;

Fig. 13 Is a cross-sectional view of a contact pad having projections taken in the
"X direction according to a further embodiment the present invention;

Fig. 14 Is a sequence of figures showing the formation of a contact pad having
projections according to an embodiment of the present invention;

Fig. 15 Is a sequence of figures showing the formation of a contact pad having
projections according to an alternate embodiment of the present invention; and
Fig. 10 Is a sequence of figures showing the formation of an integrated circuit

having a contact pad according to an embodiment the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Turning first to Fig. 1, a cross-sectional view of an integrated circuit package
having contact pads according to an embodiment the present invention iIs shown.
In particular, the integrated circuit package of Fig. 1 comprises a die 102 having
a plurality of contact pads 104 enabling connections to contact pads 106 of the
substrate 107 by way of corresponding solder bumps 108. An undertill 110 may
also be applied under the die 102. Alid 112 is then attached to the substrate by
way of a bonding agent 114 between the die and the lid, and a bonding agent
116 between a side wall 118 of the lid and the substrate. Contact pads 122 on
the substrate are also provided to make an electrical connection by way of solder
balls 124 between the substrate and another device. For example, the solder
balls may make a connection to contact pads 126 of a printed circuit board 128.
Also, a partial section designated "A” shows a region of the cross section having
a solder bump 108 between a contact pad 104 of the die 102 and a contact pad

106 of the substrate. A partial section “B” shows a region of the cross section
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having a solder ball 124 between a contact pad 122 of the substrate 107 and a
contact pad on the device receiving the integrated circuit, such as a contact pad
126 on the printed circuit board 128. The partial sections “A” and “B” will be
described in more detail in reference to enlarged views of these partial sections
in Figs. 2-13. That is, the contact pad having projections which will be described
below may be used on the contact pad 104 of the substrate in partial section “A,”
or on the contact 122 of the substrate in partial section "B,” or both.

As shown In the partial cross section of Fig. 2, a crack may form between the
contact pad 202 and the solder ball 204 when a conventional contact pad is
used. Thatis, when a crack begins to form on an end, the crack may continue to
propagate until a fission between the solder ball and the contact pad is formed.
Figs. 3-13 will show embodiments of the present invention which will prevent or
postpone the propagation of a crack in a bond between the solder ball and the
contact pad.

Turning now to Fig. 3, a cross-sectional view of a contact pad having a plurality
of projections according to an embodiment of the present invention is shown.
While solder balls on contact pads of a die may also be referred to as solder
bumps, reference will be made to solder balls for both contact pads on the die
and contact pads on the substrate. As shown in Fig. 3, five projections
comprising pillars or walls extend from the base 302 of the contact pad in a
substantially perpendicular direction. In particular, a tall projection 304 having a
height hy extends from the base, while intermediate projections 306 and 308
having a height h, extend from the base on either side with small projections 310
and 312 having a height hz on the ends. Although five projections having three
heights are shown, a different number of projections and/or projections having
different heights may also be employed according to the present invention. By
way of example, for a contact pad having a width w4 of 100 micrometers, the
width wz of the projection may be approximately 10 micrometers. The height h;
may be approximately 20 micrometers, the height ho may be approximately 15
micrometers, and the height hs may be approximately 10 micrometers.

As can be seen in Fig. 3, the use of the projections provides a barrier which
prevents the transmission of a crack along the bond between the solder ball and
the contact pad. That is, using several tapered projections, such as copper

projections, instead of a flat contact pad increases the total contact area
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between contact pad and solder ball, and reduces the stress concentration level
to prevent a crack from initiating or propagating. Projections with different

heights may postpone the crack propagation by increasing the crack travel
distance. A tall projection in the middle of the contact pad may be beneficial in

preventing or postponing the crack propagation. Accordingly, the contact pad
structure improves the solder ball reliability. Further, the overall contact area
between contact pad and solder ball is increased, having the same effect as
Increasing the pad opening size. WWhen a package Is under a temperature cycle
range, the stress concentration level will be decreased with this increased
contact area. While the contact pad and the projections may comprise Copper,
some other conductive alloy, such as an alloy comprising Nickel (Ni), a high
Lead (Pb) solder, Titanium (Ti), or Aluminum (Al), may be used for the
projections. This pad structure may be used for any other contact pad or
structure in the integrated circuit package which may have fatigue failure caused
by shear stress at the interface of either two structures or two different materials.
Turning now to Figs. 4-7, cross-sectional views of the contact pad of Fig. 3 are

shown. The cross-sectional view of the projection taken in the "y” direction at

“l”

line A-A shows a straight projection having a uniform height across a length “I” of
the projection. The length of the projection may be equal to the length of the
contact pad, or shorter than the contact pad as shown. In contrast, the cross-
sectional view of the projection in Fig. 5 shows that the individual projection 304
IS also tapered. In particular, the projection comprises a first plateau P1, a
second plateau P2 on either side of the first plateau, and a third plateau P3 on
the ends of the projection. The number of plateaus may vary depending upon
the number of projections having different heights. As will be described in more
detall in reference to Figs. 14 and 15, the number of metallization steps or
etching steps to form projections having different heights may also determine the
number of plateaus in a given projection. The shapes of the various projections
may be tapered in the “y” direction such that the overall shape of the projections
of the contact pad will form a pyramid structure. For example, referring to Figs.
o6 and 7, the cross-sectional view of the contact pad of Fig. 3 taken at line B-B
shows a first plateau P1 and a second plateau P2 of the projections 306 and
308. Similarly, the projections 310 and 312 comprise a single plateau P1 as

shown In the cross-sectional view of the contact pad of Fig. 3 taken at line C-C.
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Turning now to Fig. 8, a cross-sectional view of a contact pad having projections
according to an alternate embodiment of the present invention is shown. In
contrast to the embodiment of Fig. 3, the projections of the embodiment of Fig. 8
extend from the longest projection on the outer edges of the contact pad to the
shortest projection in the middle. In particular, a short projection 804 is
positioned between two intermediate projections 806 and 808, and two tall
projections 810 and 812 on the ends. Referring to Fig. 9, as shown in the cross-
sectional view of the contact pad of Fig. 8 taken at line A-A, the projections may
be tapered in the "y” direction In the same manner that the projections are
tapered in the "x” direction. In particular, the projection 804 comprises a first
plateau P1 in the center, a second plateau P2 on either end of the first plateau,
and a third plateau P3 on the ends. Similarly, as shown in Fig. 10, a cross-
sectional view of the contact pad taken at line B-B of Fig. 8 shows a center
plateau P1 between portions of a plateau P2. Finally, the cross-sectional view of
the contact pad of Fig. 8 taken at line C-C shows that the projections on the end
have a uniform length. Accordingly, the projections are tapered in both the “x”
and “y” directions to form a tapered contact which will more closely follow the
shape of the solder ball.

Turning now to Fig. 12, a cross-sectional view of a contact pad having
projections according to another embodiment of the present invention is shown.
In particular, a base 1202 of the contact pad comprises a plurality of projections
1204-1214, each having a uniform height. According to a cross-sectional view of
a contact pad having projections of Fig. 13, a base 1302 comprises a plurality of
projections 1304-1312 having alternating heights. Short projections 1304-1308
extending from the base 1302 are separated by two intermediate projections
1310 and 1312. The arrangement of alternating projections may also be
reversed, where the taller projections are on the ends of the contact pad. While
flve projections are shown in each of the embodiments, other numbers of
projections may be employed.

Turning now to Fig. 14, a sequence of figures shows the formation of a contact
pad having projections according to an embodiment of the present invention. In
particular, after a first metal layer 1402 and a mask layer 1404 having a plurality
of openings 1406 are formed as shown in Fig. 14A, a first level 1408 of the

projections is formed as shown in Fig. 14B. A second mask layer 1410 is then
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applied, and additional openings 1412 are formed as shown in Fig. 14C. A
second layer 1414 of the inner three projections is then formed as shown in Fig.
14D. Finally, a third mask layer 1416 having an opening 1418 is then formed as
shown in Fig.14E, where the additional layer 1420 of the middle projection is
formed as shown In Fig. 14 F. The resulting contact pad structure of contact
pads 104 or 122 is then shown In Fig. 14G after the mask layers are removed.
Turning now to Fig. 15, a sequence of figures shows the formation of a contact
pad having projections according to an alternate embodiment of the present
iInvention. In particular, after a thick metal layer 1502 of the contact pad is
formed, a first mask layer having a mask region 1504 is formed to preserve the
top layer of the middle projection as shown in Fig. 15A. After an etching step, a
metal layer 1506 having a reduced thickness and a top portion 1508 of the
middle projection is created as shown in Fig. 15B. A second mask layer having
mask regions 1510 and 1512 for projections adjacent to the middle projection
and a mask region 1514 on the top portion 1508 of the middle projection is
formed as shown Iin Fig. 15C. After an etching step, the middle projection 1508
and adjacent projections 1516 and 1518 are formed as shown in Fig. 15D. A
third mask layer is then formed as shown in Fig. 15E. In particular, a first mask
portion 1522 is formed over the middle projection, while mask portions 1524 and
1520 are formed over the top portions 1516 and 1518 of the two adjacent
projections and mask portions 1528 and 1530 are formed over the area which
will have the outer projections. The resulting contact pad structure for contact
pads 104 and 122 after the final etching step is then shown in Fig. 15F.

Turning now to Fig. 16, a sequence of figures shows the formation of an
iIntegrated circuit having a contact pad according to an embodiment the present
iInvention. In particular, the contact pads described in Figs. 3-13 are formed on a
die as shown in Fig. 16A. The contact pads may be formed on the die as
described above in reference to Figs. 14 and 195, or by some other suitable
technique. The solder balls 108 are then attached as shown in Fig. 16B. The
contact pads 106 and 122 are also formed on the substrate as shown in Fig.
16C, where the contact pads 122 having projections may also be formed on the
substrate as described above in reference to Figs. 14 and 15, or by some other
suitable technique. The die is then attached to the substrate as shown in Fig.

16D by reflowing the solder balls 108, as is well know In the art. A bonding
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agent such as an adhesive material may then be applied to attach a lid to the
substrate as shown in Fig. 16E. In particular, a first adhesive 114 may be
applied to the die and a second adhesive 116 may be applied to the portion of
the substrate adapted to receive the side walls of the lid. Adhesive 114 and 120
may be the same adhesive material, or a different adhesive material. After the
lid Is attached as shown In Fig. 16F, the solder balls 124 are attached as shown
In Fig. 16G to form a complete integrated circuit device. Finally, the integrated
circuit may then be attached to the printed circuit board as shown in Fig. 16H by
reflowing the solder balls 124.

It can therefore be appreciated that the new and novel contact pad and method
of forming a contact pad for an integrated circuit has been described. It will be
appreciated by those skilled in the art that numerous alternatives and
equivalents will be seen to exist which incorporate the disclosed invention. As a
result, the invention is not to be limited by the foregoing embodiments, but only

by the following claims.
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1. A contact pad of an integrated circuit, the contact pad comprising:

a flat portion comprising a base of the contact pad;

a plurality of projections extending in a first direction, each projection of the
plurality of projections having a different height at a highest point, wherein each
projection of the plurality of projections has a plurality of plateaus having different
heights, and wherein the plurality of plateaus of a projection of the plurality of

projections extends in a substantially straight line in a second direction that is
perpendicular to the first direction; and

a solder ball attached to the plurality of projections and the flat portion.

2. The contact pad of claim 1 wherein the plurality of projections comprises

projections at outer ends of the contact pad which are shorter than a projection near a
center of the contact pad.

3. The contact pad of claim 1 wherein the plurality of projections comprises

projections at outer ends of the contact pad which are taller than a projection near a
center of the contact pad.

4. A method of forming a contact pad for an integrated circuit, the method
comprising:

forming a flat portion comprising a base of the contact paq;

forming a plurality of projections extending in a first direction, each projection of
the plurality of projections having a different height at a highest point, wherein
each projection of the piurality of projections has a plurality of plateaus having
different heights, and wherein the plurality fo plateaus of a projection of the
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plurality of projections extends in a substantially straight line in a second
direction that is perpendicular to the first direction; and

attaching a solder ball to the plurality of projections and the flat portion.

5. The method of claim 4 wherein forming a plurality of projections comprises
forming or etching at least one metal layer.

6. The method of claim 4 wherein the plurality of projections comprises projections

extending from projections near outer ends of the contact pad which are shorter than a
projection near a center of the contact pad.

7. The method of claim 4 wherein the plurality of projections comprises projections

extending from projections near outer ends of the contact pad which are taller than a
projection near a center of the contact pad.

8. The contact pad of claim 1 wherein the number of plateaus in the projection of

the plurality of projections varies depending upon a height of the projection.

9. The contact pad of claim 1 wherein each of the plurality of projections has at
least a first plateau and a second plateau, and a height of a first projection of the
plurality of projections is different than a height of a second projection of the plurality of
projections, and the number of plateaus in the first projection of the plurality of

projections is different than the number of plateaus in the second projection of the
plurality of projections.

10. The method of claim 4 wherein the number of plateaus in the projection varies
depending upon a height of the projection.
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11.  The contact pad of claim 1 wherein a first plateau and a second plateau of a first
projection of the plurality of projections extends in a substantially straight line in a
second direction that is perpendicular to the first direction.

12. The method of claim 4 wherein a first plateau and a second plateau of a first
projection of the plurality of projections extends in a substantially straight line in a

second direction that is perpendicular to the first direction.
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