
2 8 MAR 2007  1 BONDING PAD METAL LAYER GEOMETRY DESIGN  FIELD OF THE
INVENTION [0001] The present invention relates to semiconductor packages
generally, and  5 more specifically to bonding pads for wire bonding.
BACKGROUND OF THE INVENTION [0002] During the fabrication of an integrated
circuit package, a die containing a  plurality of circuit patterns is
connected to an integrated circuit package substrate. The 10 package
substrate has a plurality of pins for connecting the circuitry to an
external printed  wiring board. [0003] The most common method for forming
electrical connections between the  die and the package substrate is wire
bonding. A plurality of bonding pads is located  around the perimeter on a
top surface of the die. A corresponding set of contacts is 15 located on
the package substrate. A plurality of connecting wires are bonded to
connect  each bonding pad to a respective contact on the package substrate,
using a method such  as ultrasonic bonding. Following wire bonding, the
package is encapsulated and sealed.  [0004] Traditional bonding pads have
the same shape as the first metal layer  (Ml). Typical bonding pads in the
prior art have solid metal pads, in a rectangular or 20 square
configuration. In this type of pad, the bonding pad corner has a high
stress  concentration and often peels or lifts up during wire bonding. In
addition to pad peeling,  interface peeling, pad cratering and inter-metal
dielectric (IMD) cracking may occur.  This has an unfavorable effect on
yield. [0005] Prior attempts to reduce the stress concentration at the
corners of the  25 bonding pad have included use of rounded corners and
beveled comers that give the  bonding pad an octagonal shape. Other
techniques for reducing peeling have included  increasing the corner
adhesion by surface treatments or increasing the contact area. U.S.  



Patent 6,313,541 is incorporated by reference herein for its teachings on a
structure for  reducing peeling in a bond pad through formation of
dendritic sub-structures in a 30 dielectric layer surrounding the bonding
pad.  [0006] An improved bonding pad is desired. 2.8 MAR 2007  2 SUMMARY OF
THE INVENTION [0007] A bonding pad suitable for use in wire bonding an
integrated circuit  includes an approximately rectangular metal pattern.
The bonding pad has at least one  5 slot or hole therein at or adjacent to
at least one comer of the approximately rectangular  metal pattern, the
slot or hole providing peeling stress relief. BRIEF DESCRIPTION OF THE
DRAWINGS [0008] FIGS. 1A and 1B are diagrams of a bonding pad according to
the present  10 invention. [0009] FIGS. 2 to 21 show various embodiments of
the bonding pad of FIG.1.  DETAILED DESCRIPTION [0010] The present
invention is embodied in a bonding pad, an integrated circuit  15 package
including the bonding pad, and a method for forming an integrated circuit
package using the bonding pad. The exemplary bonding pads reduce comer
stress and  increase adhesion against pad peeling. [0011] FIG. 1A shows an
exemplary bonding pad 100. The bonding pad 100 has  a wire bond ball area
110. An inner or central portion 120 of the bonding pad 100 is 20
designated as a solid pattern area. A solid pattern of metal is deposited
in region 120.  The region 130 between the circumference of the solid
pattern area 120 and the perimeter  121 of the bonding pad 100 is
designated as a slot/hole area, in which a plurality of slots  or holes are
formed in the bonding pad metal. The slot/hole area 130 has a minimum
dimension of at least VP2, where VP2 is twice the minimum pitch between
vias (best 



25 seen in FIG. 1B). [0012] FIG. lB shows a representative set of layers in
a semiconductor integrated  circuit device 101. A plurality of metal layers
Ml-M5 is shown. The circuit patterns in  layers M1-M5 are connected to
patterns in other layers by way of conductive vias 99. A  wire 150 of a
metal such as gold, with a wire bond ball 151, is bonded to the bonding pad
30 100, using a wire-bonding machine. FIG. 1B shows the distance VP2 that
is twice the 2 8 MAR 2007  3 minimum pitch between vias 99. FIG. 1 B also
shows a pattern of holes or slots 140  between the central portion 120 and
the perimeter 121 of the bonding pad 100.  [0013] FIG. 2 shows an exemplary
bonding pad 200 suitable for use in wire  bonding an integrated circuit.
The bonding pad 200 includes an approximately 5 rectangular metal pattern
201. The approximately rectangular pattern maybe a square or  a more
general rectangle having a length that differs from its width. The
approximately  rectangular pattern 201 may also have one or more comers
that are rounded or comers  that are beveled. In addition, the
approximately rectangular pattern 201 has at least one  slot or hole 210,
220, 230 therein at or adjacent to at least one corner of the 10
approximately rectangular metal pattern. An "interlock" type geometry may
be used to  define the pad comer. (An example of an interlock geometry is
shown in FIG. 16. The  edge of the pad near the corner has slots that
receive the IMD.) The slot or hole provides  peeling stress relief. The IMD
materials inside the slots or holes on the pads can  "interlock" with the
metal on the pads from the same layer or from above or below. In 15, other
configurations (e.g., FIGS. 8 and 9), an interlocking radial slot in the
comer  receives the HAD. The slot or hole may have any of a large variety
of shapes and forms,  of which several non-limiting examples are shown and
described herein. [0014] Referring again to FIG. 2, in some embodiments,
referred to generally  herein as open slots or open holes, the at least one
opening in the metal pattern reaches all  



20 the way to at least one comer or at least one side of the approximately
rectangular metal pattern. The open slot or hole is not limited to
elongated linear pattern elements, but may  have any shape. For example,
hole 210 is a square open hole located at one corner of  pattern 201. Open
hole 220 is astep-shaped pattern that is located at another comer of
pattern 201. Open hole 230 is a star-burst pattern located at a third comer
of pattern 201. 25 The open slots/holes in bonding pad 200 extend from the
at least one comer inward  towards an interior or center of the bonding
pad. [0015] FIG. 3 shows a corner of another bonding pad 300 having open
slot  pattern 310 in at least one corner thereof. The pattern 310 includes
a relatively large  opening 330 connected to the comer of the bonding pad
300 by a narrow connecting slot. 30 The remaining three corners of bonding
pad 300 may have the same open slot pattern or a  different pattern. 2 8
MAR 2007  4 [0016] FIG. 4 shows a corner of a bonding pad 400 wherein the
plurality of open  slots and holes include a variety of shapes 401-412. The
shapes may include angles 401  and 412, rectangle 402, diamond 403, hexagon
404, T 405, L 406, square 407, cross 408,  circle 409, pentagon 410 or
triangle 411. 5 [0017] FIG. 5 shows a corner of another bonding pad 500
having a plurality of  closed holes fully enclosed by the approximately
rectangular metal pattern. The closed  holes may include any of a variety
of shapes, including angle 501, rectangle 502, diamond 503, square 504, T
505, L 506, hexagon 507, cross 508, circle 509, pentagon  510, triangle 511
and angle 512. A variety of other polygons maybe used, including but  10
not limited to those having from three to eight sides. The closed holes may
include characters, such as letters of the alphabet 520, Kanji 521, Hebrew
characters 522, Greek  characters 523, Cyrillic characters 524, Arabic
characters 525, Arabic numerals 526,  Hindi characters 527, or characters
from other languages systems. As shown in FIG. 5,  



the characters may be oriented at any angle. The characters may have any
font. 15 [0018] FIGS. 6-21 show a variety of other shapes for open slots
and closed holes.  [0019] FIG. 6 shows a bonding pad 600 having open slot
patterns 601, 602 that  may be described as checks, V's or chevrons. These
patterns are open to the sides of the  bonding pad 600. [0020] FIG. 7 shows
a "hybrid" bonding pad 700 having a plurality of open slots  20 71.0 and a
plurality of closed holes 720. The slots 710 and holes 720 are both in the
shape  of crosses. Bonding pad 700 has no axis of symmetry. Each corner is
different from the  other three. [0021] FIG. 8 shows a bonding pad 800
having a plurality of approximately radial  patterns 810 that are elongated
open slots. The patterns 811 that pass through the corners  25 of the
bonding pad are radial, and the remaining patterns are parallel to the
corner patterns. FIG. 8 has horizontal, vertical and diagonal axes of
symmetry. The slots 810  have respectively different sizes. [0022] FIG. 9
shows a bonding pad having approximately radial open slot  patterns similar
to those of FIG. 8, plus additional closed hole patterns 920. Thus, FIG. 9
30 shows a "hybrid" arrangement with open slots 910 and closed holes 920.
FIG. 9 has 2 8 MAR 2007  5 horizontal, vertical and diagonal axes of
symmetry. The slots 910 have respectively  different sizes. [0023] FIG. 10
shows a bonding pad 1000 having a plurality of closed slots 1010.  The
closed slots 1010 include angles 1011 and straight line segments 1012. The
bonding  5 pad 1000 has vertical, horizontal and diagonal axes of symmetry.
[0024] FIG. 11 shows a bonding pad 1100 having a plurality of closed slots
1110.  The closed slots 1010 include angles. The bonding pad 1000
has-vertical, horizontal and  diagonal axes of symmetry. 



[0025] FIG. 12 shows a bonding pad 1200 having a plurality of closed slots
1210.  10 The closed slots 1210 include straight-line segments 1211 and
beveled slots 1212. The  bonding pad 1200 has vertical, horizontal and
diagonal axes of symmetry. [0026] FIG. 13 shows a bonding pad 1300 having a
plurality of open holes 1310,  of a shape that generally includes an
outwardly pointing triangle and an open slot  connecting the triangle to a
corner of the bonding pad. One of the open holes 1320 also 15 has a
dendritic or cross-shaped metal pattern 1322 dividing the triangle portion
1321 of  hole 1320. Bonding pad 1300 has one axis of symmetry along a
diagonal that bifurcates  hole 1320. [0027] FIG. 14 shows another bonding
pad 1400 having a plurality of open holes  140 in the general shape of an
inward pointing arrow. Bonding pad 1400 has axes of 20 symmetry in the
horizontal, vertical and diagonal directions. [0028] FIG. 15 shows a
bonding pad 1500 with a plurality of closed square holes  1510 in each
comer. The holes 1510 in each corner are arranged in a generally triangular
or bat-wing pattern. Bonding pad 1500 has axes of symmetry in the
horizontal, vertical  and diagonal directions. 25 [0029] FIG. 16 *shows a
hybrid bonding pad 1600 having a plurality of open slots  or holes 1610 and
a plurality of closed slots or holes 1620. The holes and slots are all
square or rectangular. Bonding pad 1600 has no axis of symmetry. [0030]
FIG. 17 shows a bonding pad 1700 having a plurality of closed holes  1710,
1720 and 1730. Holes 1710 are triangular. Hole 1720 is chevron shaped. Hole
30 1730 is shaped like a triangle with the metal extending into the
triangle in a dendritic or cross-shape. Bonding pad 1700 has no axis of
symmetry. 2 8 MAR 2807  6 [0031] FIG. 18 shows a bonding pad 1800 wherein
the plurality of closed slots  1810 are straight-line segments extending in
an approximately tangential direction. The  



center of each slot 1810 is in the tangential direction, i.e., each slot is
tangent to a  respectively different concentric circle having its center at
the center of the bonding pad 5 1800. Bonding pad 1800 has axes of symmetry
in the horizontal, vertical and diagonal  directions. [0032] FIG. 19 shows
a hybrid bonding pad 1900 wherein each corner has a  dendritic open slot
pattern extending inward from the comer. Each comer has a slightly
different pattern. Two of the corners have completely open patterns 1930
and 1940, with 10 all tangential slots connected to a central radial slot.
The remaining two comers include  an open dendritic pattern 1920 and at
least one closed tangential slot 1910. Bonding pad  1800 has no axis of
symmetry. [0033] FIG. 20 shows a bonding pad 2000 wherein the plurality of
open slots  2010 are straight-line segments extending in an approximately
tangential direction. A 15 portion of each slot 2010 at the diagonal axis
of the bonding pad 2000 is in the tangential  direction, i.e., each slot is
tangent to a respectively different concentric circle having its  center at
the center of the bonding pad 2000. Each comer has the same pattern as the
adjacent comer rotated by 90 degrees, but bonding pad 2000 has no axis of
symmetry.  [0034] FIG. 21 shows a bonding pad 2100 having closed slots in
the form of .20 elongated angles 2110 and 2130 that extend nearly to the
center of each side of the  bonding pad, and elongated slots 2120 that
extend from the center nearly to each corner  of the bonding pad 2100. This
shows that the patterns can extend to the center of each  side. .[0035]
Although several examples of slots and holes are provided herein, those of
25 ordinary skill in the art may substitute other patterns. [0036] It is
believed that the embodiments described herein do not affect  electrical
performance. In particular, the resistance between the circuit paths in the
die  and the circuit paths in the package substrate should not be affected.
The exemplary  embodiments permit the via density and the minimum pitch
between vias to remain 



30 unchanged. 2 8 MAR 2007  7 [0037] Bonding pads according to preferred
embodiments of the invention may  have the same pad size as prior art
bonding pads or smaller pad size. Other embodiments  of the invention using
a larger pad size are also contemplated. [0038] Although the invention has
been described in terms of exemplary 5 embodiments, it is not limited
thereto. Rather, the appended claims should be construed  broadly, to
include other variants and embodiments of the invention, which may be made
by those skilled in the art without departing from the scope and range of
equivalents of  the invention. 2 8 M R 2007  8 What is claimed is: 1. A
bonding pad suitable for use in wire banding an integrated circuit, said
bonding pad including an approximately rectangular metal pattern having a
5 peripheral edge, said bonding pad having at least one slot or hole
therein at or adjacent to at least  one corner of the approximately
rectangular metal pattern, the slot or hole extending to  and intersecting
said peripheral edge and providing peeling stress relief. 10 2. The bonding
pad of claim 1, wherein the at least one hole or slot extends from the  at
least one corner inward towards an interior or center of the bonding pad.
3. The bonding pad of claim 1, wherein the at least one hole or slot is
fully enclosed  by the approximately rectangular metal pattern. 15 4. The
bonding pad of claim 1, wherein the at least one hole or slot has a shape
from  the group consisting of a square, a triangle, an arrow, a rectangle,
a cross, a chevron, an  



angle, a circle, a pentagon, a diamond, a hexagon, a letter of the
alphabet, an Arabic  numeral, a Kanji, Cyrillic, Greek, Arabic or Hebrew
character, and a polygon. 20 5. The bonding pad of claim 1; wherein the
bonding pad has at least one axis of  symmetry. 6. The bonding pad of claim
1, wherein the at least one hole or slot is excluded from  25 a central
region of the bonding pad to which a wire bond ball is to be bonded. 7. The
bonding pad of claim 1, wherein the at least one hole or slot includes a
plurality of holes or slots having respectively different sizes. 30 8. The
bonding pad of claim 7, wherein the plurality of slots extend in an
approximately radial direction. 2 8 MAR 2007  9 9. The bonding pad of claim
7, wherein the plurality of slots extend in an  approximately tangential
direction. 5 10. The bonding pad of claim 1, wherein the at least one hole
or slot includes a  plurality of holes or slots having respectively
different shapes. 11. The bonding pad of claim 1, wherein a dendritic or
cross shaped metal pattern  10 extends into the at least one hole. 12. An
integrated circuit that includes a bonding pad structure, wherein the
bonding  pad structure includes an approximately rectangular metal pattern
having a peripheral  edge, and the bonding pad has at least one slot or
hole therein at or adjacent to at least 15 one corner of the approximately
rectangular metal pattern, the slot or hole extending to  and intersecting
said peripheral edge and providing peeling stress relief. 13. The
integrated circuit of claim 12, wherein the at least one hole or slot
extends  from the at least one corner inward towards an interior or center
of the bonding pad.  



20 14. The. integrated circuit of claim 12, wherein the at least one hole
or slot is fully  enclosed by the approximately rectangular metal pattern.
15. The integrated circuit of claim 12, wherein the at least one hole or
slot has a shape  25 from the group consisting of a square, a triangle, an
arrow, a rectangle, a cross, a  chevron, an angle, a circle, a pentagon, a
diamond, a hexagon, a letter of the alphabet, an  Arabic numeral, a Kanji,
Cyrillic, Greek, Arabic or Hebrew character, and a polygon. 16. The
integrated circuit of claim 12, wherein the bonding pad has at least one
axis of  30 symmetry. 2 8 MAR 2807  10 17. The integrated circuit of claim
12, wherein the at least one hole or slot is excluded  from a central
region of the bonding pad to which a wire bond ball is to be bonded. 18.
The integrated circuit of claim 12, wherein the at least one hole or slot
includes a  5 plurality of holes or slots having respectively different
sizes. 19. The integrated circuit of claim 18, wherein the plurality of
slots extend in an  approximately radial direction. 10 20. The integrated
circuit of claim 18, wherein the plurality of slots extend in an
approximately tangential direction. 21. The integrated circuit of claim 12,
wherein the at least one hole or slot includes a  plurality of holes or
slots having respectively different shapes. 15 22. The integrated circuit
of claim 12 wherein a dendritic or cross shaped metal  pattern extends into
the at least one hole. 23. A method of forming an integrated circuit
package, comprising the steps of: 20 providing an integrated circuit having
a plurality of bonding pads thereon, each of  said bonding pads including
an approximately rectangular metal pattern having a  



peripheral edge, said bonding pad having at least one slot or hole therein
at or adjacent  to at least one corner of the approximately rectangular
metal pattern, the slot or hole  extending to and intersecting said
peripheral edge and providing peeling stress relief;  25 and wire bonding
the plurality of bonding pads to a package substrate of the integrated
circuit package. 24. The method of claim 23, wherein the at least one hole
or slot extends from the at  30 least one corner inward towards an interior
or center of the bonding pad. i 8 MAR 2007  11 25. The method of claim 23,
wherein the at least one hole or slot has a shape from the  group
consisting of a square, a triangle, an arrow, a rectangle, a cross, a
chevron, an  angle, a circle, a pentagon, a diamond, a hexagon, a letter of
the alphabet, an Arabic  numeral, a Kanji, Cyrillic, Greek,. Arabic or
Hebrew character, and a polygon. 5 26. The method of claim 23, wherein the
at least one hole or slot includes a plurality  of holes or slots having
respectively different sizes or shapes. 


