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(57) ABSTRACT 

A 180 degree bump placement layout for an integrated 
circuit poWer grid is provided. This layout improves inte 
grated circuit performance and reliability and gives an 
integrated circuit designer added ?exibility and uniformity 
in designing the integrated circuit. Further, a patterned bump 
array for a top metal layer of an integrated circuit having a 
plurality of 180 degree bump placement structures is pro 
vided. 
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180 DEGREE BUMP PLACEMENT LAYOUT FOR 
AN INTEGRATED CIRCUIT POWER GRID 

BACKGROUND OF INVENTION 

[0001] A typical computer system includes at least a 
microprocessor and some form of memory. The micropro 
cessor has, among other components, arithmetic, logic, and 
control circuitry that interpret and eXecute instructions nec 
essary for the operation and use of the computer system. 
FIG. 1 shoWs a typical computer circuit board (10) having 
a microprocessor (12), memory (14), integrated circuits (16) 
that have various functionalities, and communication paths 
(18), i.e., buses and Wires, that are necessary for the transfer 
of data among the aforementioned components on the circuit 
board (10). 

[0002] Integrated circuits (16) and microprocessors (12), 
such as the ones shoWn in FIG. 1, are electrically connected, 
i.e., “mounted,” to the circuit board (10) via chip packages. 
A chip package houses semiconductor devices in strong, 
thermally stable, hermetically-sealed environments that pro 
vide a semiconductor device, e.g., an integrated circuit, With 
electronic connectivity to circuitry eXternal to the semicon 
ductor device. 

[0003] FIG. 2 shoWs a typical chip package assembly. In 
FIG. 2, an integrated circuit (20) is mounted onto a chip 
package (22), Where an active side (24) of the integrated 
circuit (20) is electrically interfaced to the chip package 
(22). Speci?cally, the integrated circuit (20) has bumps (26) 
on bond pads (also knoWn in the art as “landing pads”) (not 
shoWn) formed on the active side (24) of the integrated 
circuit (20), Where the bumps (26) are used as electrical and 
mechanical connectors. The integrated circuit (20) is 
inverted and bonded to the chip package (22) by means of 
the bumps (26). Various materials, such as conductive poly 
mers and metals (referred to as “solder bumps”), are com 
monly used to form the bumps (26) on the integrated circuit 
(20). 
[0004] As discussed above With reference to FIG. 2, the 
bumps (26) on the integrated circuit (20) serve as electrical 
pathWays betWeen components Within the integrated circuit 
(20) and the chip package (22). Within the integrated circuit 
(20) itself, an arrangement of conductive pathWays and 
metal layers form a means by Which components in the 
integrated circuit (20) operatively connect to the bumps (26) 
located on an exterior region of the integrated circuit (20). 
To this end, FIG. 3a shoWs a side vieW of the integrated 
circuit (20). The integrated circuit (20) has several metal 
layers, M1-M8, surrounded by some dielectric material (28), 
e.g., silicon dioXide. The metal layers, M1-M8, are con 
nected to each other by conductive pathWays (30) knoWn as 
“vias.” Vias (30) are essentially holes Within the dielectric 
material (28) that have been doped With metal ions. Further, 
those skilled in the art Will understand that although FIG. 2 
shoWs only eight metal layers and a particular amount of 
vias, integrated circuits may have any number of metal 
layers and/or vias. 

[0005] Circuitry (not shoWn) embedded on a substrate of 
the integrated circuit (20) transmit and receive signals and 
poWer via the metal layers, M1-M8, and the vias (30). 
Signals that need to be transmitted/received to/from com 
ponents eXternal to the integrated circuit (20) are propagated 
through the metal layers, M1-M8, and vias (30) to the top 
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metal layer, M8. The top metal layer (also referred to and 
knoWn as “poWer grid”), M8, then transmits/receives signals 
and poWer to/from the bumps (26) located on the active side 
(24) of the integrated circuit (20). With respect to the poWer 
and energy needed by the integrated circuit (20), poWer is 
delivered to the integrated circuit (20) from eXternal sources 
through the bumps (26) and metal layers, M1-M8. The top 
metal layer, M8, on the integrated circuit (20) acts as an 
interface betWeen the integrated circuit (20) and the eXternal 
sources/signals of poWer. 

[0006] FIG. 3b shoWs a top vieW of the integrated circuit 
(20) shoWn in FIG. 3a. The top metal layer, M8, as shoWn 
in FIG. 3b, has a number of parallel regions, otherWise 
knoWn as “metal bars.” These metal bars alternate betWeen 
bars connected to VDD and regions connected to V55. Such 
a con?guration helps reduce electromagnetic interference. 
The top metal layer, M8, is con?gured such that it is 
orthogonal With the metal layer beloW, M7, as shoWn in 
FIG. 3b. Further, bumps (26) on the top metal layer, M8, are 
arranged in a non-uniform fashion With some areas of the top 
metal layer, M8, having larger numbers of bumps (26) than 
other areas. 

SUMMARY OF INVENTION 

[0007] According to one aspect of the present invention, 
an integrated circuit having a top metal layer that has a ?rst 
metal bar and a second metal bar comprises a ?rst bump 
disposed on the ?rst metal bar, a second bump disposed on 
the ?rst metal bar, and a reference bump disposed on the 
second metal bar, Where the ?rst bump and the second bump 
are positioned such that an angle betWeen a line from the 
reference bump to the ?rst bump and a line from the 
reference bump to the second bump has a value substantially 
equal to 180 degrees. 

[0008] According to another aspect, an integrated circuit 
having a top metal layer that has a ?rst metal bar and a 
second metal bar comprises a ?rst bump disposed on the ?rst 
metal bar, a second bump disposed on the ?rst metal bar, and 
a reference bump disposed on the second metal bar, Where 
the ?rst metal bar and the second metal bar are positioned 
such that an angle betWeen a line from the reference bump 
to the ?rst bump and a line from the reference bump to the 
second bump has a value substantially equal to 180 degrees. 

[0009] A patterned bump array for a poWer grid of an 
integrated circuit comprises a reference bump disposed on a 
?rst metal bar, a ?rst bump disposed on a second metal bar, 
and a second bump disposed on a second metal bar, Where 
the ?rst bump, the second bump, and the reference bump are 
arranged such that an angle betWeen a line from the refer 
ence bump to the ?rst bump and a line from the reference 
bump to the second bump has a value substantially equal to 
180 degrees. 

[0010] According to another aspect, a bump layout for a 
poWer grid of an integrated circuit comprises a reference 
bump disposed on a ?rst metal bar, a ?rst bump disposed on 
a second metal bar, and a second bump disposed on a second 
metal bar, Where the ?rst metal bar and the second metal bar 
are arranged such that an angle betWeen a line from the 
reference bump to the ?rst bump and a line from the 
reference bump to the second bump has a value substantially 
equal to 180 degrees. 
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[0011] Other aspects and advantages of the invention Will 
be apparent from the following description and the appended 
claims. 

BRIEF DESCRIPTION OF DRAWINGS 

[0012] FIG. 1 shoWs a typical circuit board. 

[0013] FIG. 2 shoWs a typical chip package assembly. 

[0014] FIG. 3a shoWs a side vieW of a typical integrated 
circuit. 

[0015] FIG. 3b shoWs a top vieW of a typical integrated 
circuit. 

[0016] FIG. 4 shoWs a section of a top metal layer of an 
integrated circuit in accordance With an embodiment of the 
present invention. 

[0017] FIG. 5a shoWs a section of a top metal layer of an 
integrated circuit in accordance With an embodiment of the 
present invention. 

[0018] FIG. 5b shoWs a top metal layer of an integrated 
circuit in accordance With the embodiment shoWn in FIG. 
5a. 

[0019] FIG. 6a shoWs a section of a top metal layer of an 
integrated circuit in accordance With another embodiment of 
the present invention. 

[0020] FIG. 6b shoWs a top metal layer of an integrated 
circuit in accordance With the embodiment shoWn in FIG. 
6a. 

[0021] FIG. 7a shoWs a section of a top metal layer of an 
integrated circuit in accordance With another embodiment of 
the present invention. 

[0022] FIG. 7b shoWs a top metal layer of an integrated 
circuit in accordance With the embodiment shoWn in FIG. 
7a. 

[0023] FIG. 8a shoWs a section of a top metal layer of an 
integrated circuit in accordance With another embodiment of 
the present invention. 

[0024] FIG. 8b shoWs a section of a top metal layer of an 
integrated circuit in accordance With another embodiment of 
the present invention. 

[0025] FIG. 8c shoWs a top metal layer of an integrated 
circuit in accordance With the embodiments shoWn in FIGS. 
8a and 8b. 

[0026] FIG. 9a shoWs a section of a top metal layer of an 
integrated circuit in accordance With another embodiment of 
the present invention. 

[0027] FIG. 9b shoWs a top metal layer of an integrated 
circuit in accordance With the embodiment shoWn in FIG. 
9a. 

[0028] FIG. 10 shoWs a computer system in accordance 
With an embodiment of the present invention. 

DETAILED DESCRIPTION 

[0029] Embodiments of the present invention relate to a 
method and apparatus for improving integrated circuit per 
formance by using a patterned bump layout on a poWer grid 
of the integrated circuit. Embodiments of the present inven 
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tion further relate to a method and apparatus for improving 
bump placement on a top metal layer of an integrated circuit. 
Embodiments of the present invention further relate to a 
method and apparatus for creating a bump array on a top 
metal layer of an integrated circuit. Embodiments of the 
present invention further relate to a computer system that 
determines an optimal bump pattern given a set of condi 
tions. Embodiments of the present invention further relate to 
a computer-readable medium having instructions for deter 
mining an optimal placement of bumps on an integrated 
circuit. Embodiments of the present invention also relate to 
a method for positioning a maXimum number of bumps on 
a poWer grid of an integrated circuit. 

[0030] FIG. 4 shoWs a section (50) of a top metal layer of 
an eXemplary integrated circuit in accordance With an 
embodiment of the present invention. The section (50) has a 
?rst metal bar (52) connected to VDD, i.e., poWer, and a 
second metal bar (54) connected to VSS, i.e., ground. The 
?rst metal bar (52) has tWo bumps (56a, 56b) and the second 
metal bar (54) has one bump (also referred to as “reference 
bump”) (56c). 
[0031] Those skilled in the art Will appreciate that 
although the ?rst metal bar (52) is connected to poWer and 
the second metal bar (54) is connected to ground, in other 
embodiments of the present invention, the ?rst metal bar 
(52) may be connected to ground and the second metal bar 
(54) may be connected to poWer. 

[0032] A separation betWeen the bumps (56a, 56b) on the 
?rst metal bar (52) is de?ned as a vertical pitch, VP. 
Moreover, a distance betWeen the ?rst bump (56a) on the 
?rst metal bar (52) and the bump (56c) on the second metal 
bar (54) is de?ned as an across pitch, AP. Likewise, AP also 
denotes the distance betWeen the second bump (56b) on the 
?rst metal bar (52) and the bump (56c) on the second metal 
bar (54). An angle 0 represents the angle betWeen the tWo 
across pitches. 

[0033] The presence of angle 0 alloWs for the rearrange 
ment of the bumps (56a, 56b) on the ?rst metal bar (52) in 
order to create different bump patterns. Varying angle 0 can 
be done by repositioning the bumps (56a, 56b) on the ?rst 
metal bar (52) and/or adjusting the spacing betWeen the ?rst 
and second metal bars (52, 54). By effectively varying 0, 
properties of a top metal layer may be changed as desired. 
Properties dependent on the angle 0 include, but are not 
limited to, metal layer resistance, metal layer capacitance, 
metal layer inductance, metal layer electrical performance, 
overall bump current ?oW, bump population, bump electro 
magnetivity, signal track positioning, and integration char 
acteristics. 

[0034] Once an angle 0 is determined for a particular 
design, bumps on a top metal layer may be patterned such 
that the arrangement of bumps results in repetitive groups of 
bumps having an angle 0 betWeen across pitches in a group 
of bumps as shoWn in FIG. 4. In other Words, the properties 
betWeen a group of bumps as shoWn in FIG. 4 may be 
replicated across part or all of a top metal layer in order to 
create a particular bump array. 

[0035] FIG. 5a shoWs a section of a top metal layer of an 
integrated circuit in accordance With an embodiment of the 
present invention. In FIG. 5a, angle 0 is set at 60 degrees. 
When angle 0 is equal to 60 degrees, a maXimum packing of 










