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METHODS OF PACKAGING AN 
INTEGRATED CIRCUIT AND METHODS OF 
FORMING AN INTEGRATED CIRCUIT 

PACKAGE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

TECHNICAL FIELD 

The present invention relates to integrated circuit pack 
ages, ball- grid array integrated circuit packages, and methods 
of packaging an integrated circuit. 

BACKGROUND OF THE INVENTION 

Integrated circuit devices are utilized in an ever-increasing 
number of applications. Exemplary integrated circuit devices 
include processing devices for manipulating data and 
memory devices for storing data. Numerous packaging tech 
nologies have emerged for housing integrated circuit devices. 

Integrated circuit devices are typically mechanically and 
electrically coupled With an associated substrate. Initially, 
dual in-line packages (DIPs) Were utilized to mount inte 
grated circuits. Dual in-line packages typically include a ?at 
rectangular body and a plurality of leads. The leads are pro 
vided in parallel roWs at right angles to the body. Plastic dual 
in-line packages Were fabricated by molding epoxy resin on a 
stamped leadframe Which included the integrated circuit 
device. 

Improved mounting and packaging technologies have been 
developed to provide integrated circuit devices Which offer 
improved operational characteristics. Further, recently intro 
duced device packaging con?gurations provide an increased 
number of connections to meet modern semiconductor device 
demands. For example, the loWer surfaces of integrated cir 
cuit packages have been utilized to increase the number of 
connections Which can be made to a particular device. 
One exemplary packaging technology Which provides the 

aforementioned bene?ts are ball-grid array (BGA) packages. 
Ball-grid array devices individually include a ?at package 
utilized for surface mounting a large-scale integrated circuit 
upon a circuit board or other substrate. Ball-grid array pack 
ages have a plurality of solder bumps (balls) Which are uti 
lized in place of pins to provide electrical and mechanical 
connection of the integrated circuit package to a circuit board. 
Such packages are referred to as ?ne pitch ball-grid array 
(FBGA) packages for applications wherein the pitch of the 
balls is 1 mm or less. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are described 
beloW With reference to the folloWing accompanying draW 
1ngs. 

FIG. 1 is a side cross-sectional vieW of an integrated circuit 
package. 

FIG. 2 is a plan vieW of a loWer surface of the integrated 
circuit package of FIG. 1. 

FIG. 3 is a plan vieW of a surface portion of an exemplary 
printed circuit board con?gured to couple With the integrated 
circuit package of FIG. 1. 
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2 
FIG. 4 is a plan vieW of an intermediate layer of the printed 

circuit board of FIG. 3. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

This disclosure of the invention is submitted in furtherance 
of the constitutional purposes of the US. Patent LaWs “to 
promote the progress of science and useful arts” (Article 1, 
Section 8). 
One aspect of the present invention provides an integrated 

circuit package comprising: a substrate including a ?rst sur 
face, a second surface and a plurality of conductors, the ?rst 
surface includes a plurality of conductive pads adapted to 
couple With a plurality of corresponding bond pads of a semi 
conductor die, and the conductors being con?gured to couple 
the conductive pads With the second surface; and a plurality of 
conductive bumps coupled With the second surface of the 
substrate and electrically coupled With respective conductors, 
the conductive bumps being formed in an array including a 
plurality of poWer bumps and signal bumps, and the signal 
bumps being individually positioned immediately adjacent at 
least one poWer bump. 
A second aspect of the present invention provides an inte 

grated circuit package comprising: a substrate including a 
?rst surface, a second surface and a plurality of conductors, 
the ?rst surface includes a plurality of conductive pads 
adapted to couple With a plurality of corresponding bond pads 
of a semiconductor die, and the conductors being con?gured 
to couple the conductive pads With the second surface; and a 
plurality of conductive bumps coupled With the second sur 
face and electrically coupled With respective conductors of 
the substrate, the conductive bumps including a plurality of 
poWer bumps and signal bumps formed in an array having 
plural sides individually comprising at least a majority of 
signal bumps. 
According to another aspect, the present invention pro 

vides a ballgrid array integrated circuit package comprising: 
a semiconductor die having a plurality of bond pads; a sub 
strate including a ?rst surface including a plurality of con 
ductive pads, a second surface, and a plurality of conductors 
to electrically couple the conductive pads of the ?rst surface 
With the second surface, the semiconductor die being coupled 
With the ?rst surface and the bond pads being electrically 
coupled With the conductive pads and the conductors; a plu 
rality of conductive balls coupled With the second surface and 
electrically coupled With respective ones of the conductors, 
conductive pads and bond pads, the conductive balls includ 
ing a plurality of poWer balls and signal balls formed in an 
array having plural sides; and wherein individual signal balls 
are positioned immediately adjacent at least one poWer ball, 
and the sides of the array individually comprise at least a 
majority of signal balls. 

Another aspect of the present invention provides a ball- grid 
array integrated circuit package comprising: a semiconductor 
die including integrated circuitry electrically coupled With a 
plurality of bond pads; a substrate including a ?rst surface 
including a plurality of conductive pads, a second surface, 
and a plurality of vias including respective via conductors to 
electrically couple the conductive pads of the ?rst surface 
With the second surface, the semiconductor die being coupled 
With the ?rst surface; plural Wire bonding connections con 
?gured to electrically couple the bond pads With the conduc 
tive pads and the via conductors; a plurality of conductive 
balls coupled With the second surface and adapted to electri 
cally couple ones of the conductors, conductive pads and 
bond pads With external circuitry, and including a plurality of 
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power balls and signal balls formed in an array having plural 
sides; and wherein individual signal balls are positioned 
immediately adjacent at least one poWer ball, and the sides of 
the array individually comprise signal balls. 

Another aspect provides a method of packaging an inte 
grated circuit comprising: providing a semiconductor die 
including a plurality of bond pads; providing a package sub 
strate including a plurality of conductive bumps including 
plural poWer bumps and plural signal bumps; arranging indi 
vidual signal bumps to be immediately adjacent at least one 
poWer bump; and electrically coupling the bond pads of the 
semiconductor die With respective conductive bumps. 

Another aspect of the present invention provides a method 
of packaging an integrated circuit comprising: providing a 
semiconductor die including a plurality of pads; providing a 
package substrate including a plurality of conductive bumps 
arranged in an array including plural poWer bumps and plural 
signal bumps; arranging plural sides of the array to individu 
ally include at least a majority of signal bumps; and electri 
cally coupling the pads of the semiconductor die With respec 
tive conductive bumps. 

According to another aspect, the present invention pro 
vides a method of forming an integrated circuit package com 
prising: providing a package substrate including a plurality of 
conductive bumps including plural poWer bumps and plural 
signal bumps; and arranging individual signal bumps to be 
immediately adjacent at least one poWer bump. 

According to yet another aspect, the present invention pro 
vides a method of packaging an integrated circuit comprising: 
providing a package substrate including a plurality of con 
ductive bumps arranged in an array including plural poWer 
bumps and plural signal bumps; and arranging plural sides of 
the array to individually include a majority of signal bumps. 

Referring to FIG. 1, an integrated circuit package 10 is 
illustrated. Integrated circuit package 10 comprises a ball 
grid array (BGA) package or ?ne pitch ball-grid array 
(FBGA) package in the described embodiment. HoWever, the 
present invention is applicable to other integrated circuitry 
packaging technologies. 

The depicted integrated circuit package 10 includes a semi 
conductor die 12 and a package substrate 14. Package sub 
strate 14 comprises a printed circuit board (PCB) in an exem 
plary embodiment. Package substrate 14 includes a ?rst 
surface 22 and an opposing second surface 24. Semiconduc 
tor die 12 is attached to surface 22 of package substrate 14 
using an adhesive (not shoWn) or other attachment technique. 
Integrated circuit package 10 additionally includes a housing 
16 de?ned by an encapsulant, such as epoxy. 

Semiconductor die 12 includes integrated circuitry 18 
coupled With a plurality of bond pads 20. Integrated circuitry 
18 of semiconductor die 12 includes processing circuitry or 
memory circuitry in exemplary con?gurations. 

Surface 22 of package substrate 14 supports a plurality of 
conductive pads 26 coupled With respective conductive traces 
30. Conductive pads 26 are provided to electrically couple 
With bond pads 20 of semiconductor die 12. Wire bonding 
connections 28 are utiliZed in the described embodiment to 
electrically couple bond pads 20 With conductive pads 26. 
Other electrical connection con?gurations can be utiliZed to 
couple bond pads 20 With conductive pads 26. 

Package substrate 14 includes a plurality of vias 32 formed 
intermediate ?rst surface 22 and second surface 24. Plural via 
conductors 34 are provided Within respective vias 32. Via 
conductors 34 can electrically couple conductive pads 26 
upon ?rst surface 22 With second surface 24. Only tWo exem 
plary vias 32 are illustrated in FIG. 1. Typically, substrate 14 
includes hundreds of vias 32 and via conductors 34 to provide 
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4 
appropriate electrical connections intermediate integrated 
circuitry 18 and external circuitry or poWer sources (not 
shoWn). Package substrate 14 can include poWer and ground 
connections for coupling With selected conductive pads 26 
and bond pads 20 of semiconductor die 18. Although not 
depicted in FIG. 1, such poWer and ground connections can 
comprise conductive planes extending substantially through 
out the length of package substrate 14. 
As depicted in FIG. 1, a plurality of conductive bumps 40 

are provided upon second surface 24 of package substrate 14. 
Conductive bumps 40 individually comprise a conductive 
material, such as solder. Conductive bumps 40 are coupled 
With respective via conductors 34. Although only tWo of 
conductive bumps 40 are illustrated coupled With via conduc 
tors 34 in the illustrated con?guration of FIG. 1, typically all 
of the conductive bumps 40 are coupled With respective ones 
of via conductors 34. 

Conductive bumps 40 are electrically coupled With respec 
tive via conductors 34, conductive pads 26, traces 30, Wire 
bonding connections 28, and bond pads 20 of semiconductor 
die 18. Conductive bumps 40 are con?gured to couple respec 
tive bond pads 20 of semiconductor die 18 With external 
circuitry. 

In the depicted con?guration, conductive bumps 40 of inte 
grated circuit package 10 are coupled With external circuitry 
comprising an external substrate 50 in the depicted arrange 
ment. An exemplary external substrate 50 comprises a moth 
erboard. External substrate 50 includes opposing surfaces 49, 
54. A plurality of conductive pads 52 con?gured to couple 
With respective conductive bumps 40 are provided upon 
upper surface 54 of external substrate 50. Plural conductive 
traces (shoWn in FIG. 3 and FIG. 4) can be coupled With 
individual conductive pads 52 to provide electrical coupling 
of respective conductive bumps 40 With circuitry external of 
integrated circuit package 10. 

Although not distinguished as such in FIG. 1, conductive 
bumps 40 de?ne either a poWer conductor or an input/output 
(I/O) signal conductor. Exemplary poWer conductors are con 
?gured to provide coupling With voltage references such as 
?rst and second different voltage values VDD and VSS. I/O 
signal conductors are con?gured to pass input/output signals 
intermediate semiconductor die 12 and integrated circuitry 
18. In an exemplary embodiment, data is inputted to and 
outputted from semiconductor die 12 via such I/O signaling 
conductors. 
As mentioned above, the depicted integrated circuit pack 

age 10 comprises a ball-grid array (BGA) package Wherein 
conductive bumps 40 comprise solder balls. In one embodi 
ment, integrated circuit package 10 comprises a ?ne pitch 
ball-grid array (FBGA) Where the pitch of solder ball con 
ductive bumps 40 is one millimeter or less. 

Referring to FIG. 2, a plurality of conductive bumps 40 
upon surface 24 of package substrate 14 are illustrated. Con 
ductive bumps 40 are arranged in an array 60 upon substrate 
surface 24. The depicted array is exemplary and conductive 
bumps 40 can be arranged in other desired con?gurations in 
accordance With the present invention. 
The depicted conductive bumps 40 include plural poWer 

bumps 40a, signal bumps 40b, differential bumps 40c, and 
corner bumps 40d. PoWer bumps 40a can comprise VSS 
bumps represented by a minus sign and VDD poWer bumps 
represented by a plus sign. Signal bumps 40b are preferably 
individually positioned immediately adjacent at least one 
poWer bump 40a and can be individually con?gured to com 
municate one of input signals and output signals. Positioning 
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of signal bump 40b adjacent at least one power bump 40a 
reduces noise Within the signals communicated Within the 
individual signal bumps 40b. 

Differential signaling bumps 40c communicate differential 
signals and typically may be spaced from poWer bumps 40a 
Without adverse performance results. Alternatively, differen 
tial signaling bumps 40c may be individually placed imme 
diately adjacent at least one poWer bump 40a in another 
arrangement. Corner bumps 40d are diagonally arranged 
intermediate adjacent sides in the depicted arrangement. 

The depicted conductive bump array 60 includes a plurality 
of sides 62. Sides 62 in the present description individually 
include conductive bumps 40 Within roW R1 and columns 
C3-C36, column C1 and roWs R3-R36, column C38 and roWs 
R3-R36, and roW R38 and columns C3-C36, respectively. 
Array sides 62 preferably individually comprise signal bumps 
40b adjacent a periphery 11 de?ned by package substrate 14 
of integrated circuit package 10 as shoWn. Alternatively, array 
sides 62 individually comprise a majority of signal bumps 
40b. Such enables improved routing With external circuitry 
coupled With integrated circuit package 10 as described 
beloW. 

Referring to FIG. 3 and FIG. 4, traces formed upon and 
Within a motherboard substrate 50 are shoWn. FIG. 3 illus 
trates a plurality of conductive pads 52 and respective traces 
formed over surface 54 of external substrate 50. FIG. 4 illus 
trates a plurality of vias and traces at an intermediate level 
Within external substrate 50. A footprint 13 corresponding to 
periphery 11 of integrated circuit device 10 is illustrated in 
FIG. 3 and FIG. 4. 

Referring speci?cally to FIG. 3, a portion of an array 61 of 
conductive pads 52 con?gured to couple With conductive 
bumps 40 of integrated circuit package 10 is depicted. Array 
61 includes a plurality of sides 57 although only one such side 
is illustrated. Sides 57 in the present description include con 
ductive pads 52 corresponding to conductive bumps 40 Within 
roW R1 and columns C3-C36, column C1 and roWs R4-R36, 
column C38 and roWs R3-R36, and roW R3 and columns 
C3 -36, respectively. Although only one portion including one 
side 57 of array 61 is shoWn, the illustrated pattern of con 
ductive pads 52 is preferably repeated for the remaining por 
tions and sides 57 of array 61. 

The conductive pads 52 illustrated in FIG. 3 are con?gured 
to couple directly With corresponding conductive bumps 40 
of package substrate 14. Conductive pads 52 include poWer 
conductive pads 52a con?gured to couple With poWer con 
ductive bumps 40a, signal conductive pads 52b con?gured to 
couple With conductive bumps 40b, differential conductive 
pads 52c con?gured to couple With differential conductive 
bumps 40c, and comer conductive pads 52d con?gured to 
couple With corner conductive bumps 40d. 
A plurality of traces 55, 56 are formed upon surface 54 to 

provide electrical coupling of conductive pads 52 With other 
circuit components either provided upon substrate 50 or 
external to the substrate 50. As illustrated, a plurality of vias 
51 are also provided Within external substrate 50. Via con 
ductors 53 are provided Within respective vias 51. Via con 
ductors 53 are operable to elevationally electrically couple 
various layers of external substrate 50. 

For example, via conductors 53 operate to couple the upper 
surface shoWn in FIG. 3 With an intermediate layer of external 
substrate 50 depicted in FIG. 4. Referring to FIG. 3, a plural 
ity of conductive traces 55 are formed upon surface 54 to 
couple via conductors 53 With corresponding conductive 
pads 52. PoWer conductive pads 52a, differential conductive 
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6 
pads 52c and corner conductive pads 52d are individually 
coupled With respective traces 55 and via conductors 53 in the 
depicted arrangement. 
The depicted traces 56 upon surface 54 couple conductive 

pads 52 With circuitry outside of footprint 13 of integrated 
circuit package 10. As shoWn in FIG. 4, a plurality of traces 59 
operate to couple via conductors 53 With circuitry outside of 
footprint 13 of integrated circuit package 10 at an intermedi 
ate level of substrate 50. Although not shoWn, other interme 
diate levels Within substrate 50 may be provided. 

In the preferred con?guration, sides 62 of array 60 include 
at least a majority of signal conductive bumps 40b. Accord 
ingly, corresponding sides 57 of array 61 include at least a 
majority of I/O signal conductive pads 52 Which correspond 
to the pattern of conductive bumps 40. 

In the depicted con?guration, signal conductive pads 52b 
of sides 57 are coupled With traces 56 Which extend across 
surface 54 of external substrate 50 outside of footprint 13. As 
such, lateral connections With vias are not necessary for cou 
pling signal conductive pads 52b. Accordingly, real estate 
(surface area) located laterally and intermediate adjacent sig 
nal bumps 52b of sides 57 can be utiliZed to form traces 56. 
More speci?cally, additional real estate (surface area) is 

provided intermediate adjacent signal conductive pads 52b of 
sides 57 enabling additional conductive traces 56 coupled 
With conductive pads 52 located in the interior of array 61 to 
pass intermediate adjacent signal conductive pads 52b of 
sides 57. This provides electrical coupling of an increased 
number of conductive pads 52 With external circuitry outside 
of footprint 13 of integrated circuit package 10 using traces 56 
formed upon surface 54. Such is provided Without having to 
utiliZe as many vias 51 and via conductors 53 as Would 
otherWise be required. Such provides the added bene?t of 
reducing the number of layers including conductive circuitry 
Within external substrate 50 compared With other arrange 
ments Wherein sides 57 individually include some poWer 
conductive pads 52a. 

For example, if one of conductive pads 52 located Within 
side 57 Were coupled With poWer (i .e., a poWer conductive pad 
52a) then the real estate adjacent thereto on at least one side 
Would be coupled With a via conductor 53 to provide coupling 
With the poWer or ground location coupled at another level of 
substrate 50. Accordingly, a trace 56 could not be formed over 
this portion of surface 54 as is provided in the depicted con 
?guration. 

Referring to FIG. 4, a plurality of traces 59 are depicted 
formed upon a surface 58 of an intermediate layer 63 of 
external substrate 50. Layer 63 is located intermediate oppos 
ing surfaces 49, 54 of substrate 50. The depicted vias 51 and 
via conductors 53 correspond to the depicted vias 51 and via 
conductors 53 illustrated in FIG. 3. Via conductors 53 are 
coupled With selected traces 59 upon surface 58 providing 
coupling With circuitry (not shoWn) outside of the footprint 13 
of integrated circuit package 10. Some via conductors 53 are 
not coupled With traces 59 formed upon surface 58. Such via 
conductors 53 are typically coupled With traces formed upon 
other layers of substrate 50 (not shoWn). 

In compliance With the statute, the invention has been 
described in language more or less speci?c as to structural and 
methodical features. It is to be understood, hoWever, that the 
invention is not limited to the speci?c features shoWn and 
described, since the means herein disclosed comprise pre 
ferred forms of putting the invention into effect. The invention 
is, therefore, claimed in any of its forms or modi?cations 
Within the proper scope of the appended claims appropriately 
interpreted in accordance With the doctrine of equivalents. 
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What is claimed is: 
1. A method of packaging an integrated circuit comprising: 
providing a semiconductor die including a plurality of 
bond pads; 

providing a package substrate including a plurality of con 
ductive bumps including plural poWer bumps and plural 
signal bumps; 

arranging individual signal bumps to be immediately adja 
cent at least one poWer bump; and 

electrically coupling the bond pads of the semiconductor 
die With respective conductive bumps. 

2. The method according to claim 1 further comprising: 
providing an external substrate having a plurality of con 

ductive pads; and 
electrically coupling the conductive bumps With respective 

conductive pads of the external substrate. 
3. The method according to claim 1 Wherein the providing 

the package substrate comprises providing a package sub 
strate including conductive bumps formed as balls of a ball 
grid array integrated circuit package. 

4. The method according to claim 1 further comprising: 
forming plural vias Within the package substrate; and 
providing conductors Within the vias. 
[5. A method of packaging an integrated circuit compris 

1ng: 
providing a semiconductor die including a plurality of 

pads; 
providing a package substrate including a plurality of con 

ductive bumps arranged in an array including plural 
poWer bumps and plural signal bumps; 

arranging plural sides of the array to individually include at 
least a majority of signal bumps; and 

electrically coupling the pads of the semiconductor die 
With respective conductive bumps.] 

6. [The method according to claim 5 further comprising] A 
method ofpackaging an integrated circuit comprising: 

providing a semiconductor die including a plurality of 
pads; 

providing apackage substrate including aplurality ofcon 
ductive bumps arranged in an array including plural 
power bumps and plural signal bumps; 

arrangingplural sides ofthe array to individually include 
at least a majority ofsignal bumps; 

electrically coupling the pads of the semiconductor die 
with respective conductive bumps; and 

arranging individual signal bumps to be immediately adja 
cent at least one poWer bump. 

7. The method according to [claim 5] claim 6 further com 
prising: 

providing an external substrate having a plurality of con 
ductive pads; and 

electrically coupling the conductive bumps With respective 
conductive pads of the external substrate. 

8. The method according to [claim 5] claim 6 Wherein the 
providing the package substrate comprises providing a pack 
age substrate including conductive bumps formed as balls of 
a ball-grid array integrated circuit package. 

9. The method according to [claim 5] claim 6 further com 
prising: 

forming plural vias Within the package substrate; and 
providing via conductors Within the vias. 
10. A method of forming an integrated circuit package 

comprising: 
providing a package substrate including a plurality of con 

ductive bumps including plural poWer bumps and plural 
signal bumps; and 
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8 
arranging individual signal bumps to be immediately adja 

cent at least one poWer bump. 
11. The method according to claim 10 further comprising 

providing a plurality of conductive pads con?gured to couple 
With the [a] plurality of bond pads of an integrated circuit and 
the poWer bumps and the signal bumps. 

12. The method according to claim 10 Wherein the provid 
ing the package substrate comprises providing the package 
substrate including conductive bumps formed as balls of a 
ball-grid array integrated circuit package. 

[13. A method of packaging an integrated circuit compris 
ing: 

providing a package substrate including a plurality of con 
ductive bumps arranged in an array including plural 
poWer bumps and plural signal bumps; and 

arranging plural sides of the array to individually include a 
majority of signal bumps.] 

14. [The method according to claim 13 further comprising] 
A method ofpackaging an integrated circuit comprising: 

providing apackage substrate including aplurality ofcon 
ductive bumps arranged in an array including plural 
power bumps and plural signal bumps; 

arrangingplural sides ofthe array to individually include 
a majority ofsignal bumps; and 

arranging individual signal bumps to be immediately adja 
cent at least one poWer bump. 

15. The method according to [claim 13] claim 14 further 
comprising providing a plurality of conductive pads con?g 
ured to couple With [the] a plurality of bond pads of an 
integrated circuit and the poWer bumps and the signal bumps. 

16. The method according to [claim 13] claim 14 Wherein 
the providing the package substrate comprises providing a 
package substrate including conductive bumps formed as 
balls of a ball-grid array integrated circuit package. 

1 7. A method of packaging an integrated circuit compris 
ing: 
providing a semiconductor die including a plurality of 

pads; 
providing apackage substrate including aplurality ofcon 

ductive bumps arranged in an array including plural 
power bumps and plural signal bumps; 

arrangingplural sides ofthe array to individually include 
at least a majority of signal bumps; 

arrangingplural rows or columns ofthe array to individu 
ally include at least a majority of power bumps; and 

electrically coupling the pads of the semiconductor die 
with respective conductive bumps. 

18. The method according to claim 1 7 wherein the plural 
rows or columns of the array are individually adjacent to 
respective ones of the plural sides of the array. 

19. The method according to claim 18further comprising 
arranging each ofthe majority ofsignal bumps in the plural 
sides ofthe array to be immediately adjacent at least one of 
the plural power bumps. 

20. The method according to claim 1 7 wherein theplurality 
of conductive bumps arranged in an array include a center 
array substantially spaced apart from a periphery array. 

2]. The method according to claim 20 wherein the center 
array includes a majority ofpower bumps. 

22. The method according to claim 17 wherein the plural 
power bumps comprise Vss or Vdd bumps. 

23. The method according to claim 1 7further comprising 
arranging each ofthe majority ofsignal bumps in the plural 
sides ofthe array to be immediately adjacent at least one of 
the plural power bumps. 
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24. The method according to claim 1 7further comprising 
arranging a plural of corner bumps diagonally arranged 
intermediate adjacent sides of the array. 

25. The method according to claim 1 7further comprising: 
providing an external substrate having aplurality ofcon 

ductive pads; and 
electrically coupling the conductive bumps with respective 

conductive pads of the external substrate. 
26. The method according to claim 17 wherein theprovid 

ing the package substrate comprises providing a package 
substrate including conductive bumps formed as balls of a 
ball-grid array integrated circuit package. 

27. The method according to claim 1 7further comprising: 
forming plural vias within the package substrate; and 
providing conductors within the vias. 
28. A method ofpackaging an integrated circuit compris 

ing: 
providing apackage substrate including aplurality ofcon 

ductive bumps arranged in an array including plural 
power bumps and plural signal bumps; 

arrangingplural sides ofthe array to individually include 
a majority ofsignal bumps; and 

arrangingplural rows or columns ofthe array to individu 
ally include at least a majority ofpower bumps. 

29. The method according to claim 28 wherein the plural 
rows or columns ofthe array are individually adjacent to the 
plural sides ofthe array. 

30. The method according to claim 28 wherein theplurality 
of conductive bumps arranged in an array include a center 
array substantially spaced apart from a periphery array. 

20 

25 
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3]. The method according to claim 30 wherein the center 

array includes a majority ofpower bumps. 
32. The method according to claim 29further comprising 

arranging individual ones ofthe majority ofsignal bumps in 
the plural sides ofthe array to be immediately adjacent at 
least one ofthe majority ofpower bumps oftheplural rows or 
columns of the array. 

33. The method according to claim 28 wherein the plural 
power bumps comprise Vss or Vdd bumps. 

34. The method according to claim 28further comprising 
arranging individual ones ofthe majority ofsignal bumps in 
the plural sides ofthe array to be immediately adjacent at 
least one of the plural power bumps. 

35. The method according to claim 28further comprising: 
providing an external substrate having a plurality of con 

ductive pads; and 
electrically coupling the conductive bumps with respective 

conductive pads of the external substrate. 
36. The method according to claim 28further comprising 

arranging a plurality ofcorner bumps diagonally arranged 
intermediate adjacent sides of the array. 

37. The method according to claim 28 wherein theprovid 
ing the package substrate comprises providing a package 
substrate including conductive bumps formed as balls of a 
ball-grid array integrated circuit package. 

38. The method according to claim 28further comprising: 
forming plural vias within the package substrate; and 
providing conductors within the vias. 

* * * * * 


