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‘PERI METER MATRI X BALL GRI D ARRAY Cl RCU T PACKAGE WTH A POPULATED CENTER

BACKGROUND OF THE | NVENTI ON 1. FI ELD OF THE | NVENTI ON The present
i nvention relates to an integrated circuit package. 2. DESCRI PTI ON OF

RELATED ART Int%ﬂrated circuits are typically nounted to a package that is
soldered to aMYR64H circuit board. One such type of integr RCEWSEBEY; t

package is a ball grid array ("BGA") package. BGA packages have a plurality
of solder balls located on a bottom externallsurface of a package
substrate. The solder balls are reflowed to attach the package to the
printed circuit board. The integrated circuit is nounted to a top surface
of the package substrate, and electrically coupled to the solder balls by
internal routing wthin PERINRTERAMYATREY RFME GRIDARRMY CERCEIT bal | array of
a prior art BGA package 2. Tpgersirdirriioh | sortrar@pacEmged i n a

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

The present invention relates to an integrated

circuit package.
2. DESCRIPTION OF RELATED ART

Integrated circuits are typically mounted to a
package that is soldered to a printed circuit board.
One such type of integrated circuit package is a ball
grid array ("BGA") package. BGA packages have a
plurality of solder balls located on a bottom external
surface of a package substrate. The solder balls are
reflowed to attach the package to the printed circuit
board. The integrated circuit is mounted to a top
surface of the package substrate, and electrically
coupled to the solder balls by internal routing within
the package.

Figure 1 shows a solder ball array of a prior art
BGA package 2. The solder balls 4 are arranged in a
two-dimensional pattern across the bottom surface of the
package. The integrated circuit 6 is centrally located
on the opposite side of the package 2. The package 2 is
typically constructed from a material which has a
‘coefficient of thermal expansion that is different than
the thermal expansion coefficient of the integrated
circuit. It has been found that the differential

- thermal expansion between the integrated circuit and the

package will induce temperature related stresses that
fail solder joints in an area which corresponds to the
ocuter edges of the circuit die.




t wo- di mensj onal pattern across the bottom surface of the package. The
integrated circuit 6 is centrally |located on the opposite side of the
package 2. The package 2 is typically constructed froma material which has
a coefficient of thermal expansion that is different than the thermnal
expansi on coefficient of the integrated circuit. It has been found that the
differenti al Pﬂ%?ﬁﬂ?ﬂ%xpansion bet ween the integrated circui tPCINESITHISLL

package will induce tenperature related stresses that fail solder joints in
an area which corresponds to the outer edges2of the circuit die. WO
97/:36466 PCT/ US97/ 03511 - 2-

Figure 2 shows a BGA package 2 of the prior art which has an outer two
di rensi onal array of solder balls 4. The solder balls 4 are | ocated away
fromthe package areaFidiate i2sshewead [BGAhpackaggraoddtberpridr Gretlocati ng

the sol der bal | syf; Gieyad HAMLLES: | WP HiRbARLI SHAIC UrkaP SEUKRR B {der mal

stresses on the 29|c¥gejéylgég balls 4 are located away from the package
area that is beneath the integrated circuit 6. Locating
the solder balls 4 away from the integrated circuit 6
reduces the thermal stresses on the solder joints
created by the differential expansion between the
package and the integrated circuit. Although effective
in reducing solder failure the outer array pattern
limits the input/output (I/0) of the package.
Additionally, the integrated circuit generates heat
which conducts through the solder balls and into the
printed: circuit board. - Locating .the solder balls at the
outer perimeter of the package increases the. thermal
path through the package substrate. The longer path
increases the thermal impedance of the package and the
junction temperature of the integrated circuit. It
would be desirable provide a BGA package that has a
longer product life, lower thermal impedance and higher
I/0 than BGA packages of the prior art.

SUMMARY OF THE JNVENTION

The present invention is a ball grid array ("BGA")
integrated circuit package which has an outer two-
dimensional array of solder balls and a center two-
dimensional array of solder balls located on a bottom

- surface of a package substrate. The solder balls are
typically reflowed to mount the package to a printed
circuit board. Mounted to an opposite surface of the
substrate is an integrated circuit that is electrically
coupled to the solder balls by intermal routing within
the package. The outer array of solder balls are
located outside the dimensional profile of the
integrated circuit to reduce solder stresses induced by
the differential thermal expansion between the



created by the differential expansion between the package and the
integrated circuit. Al though effective in reducing solder failure the outer
array pattern limts the input/output (1/0O of the package. Additionally,
theintegrated circuit generates heat which conducts through the sol der
balls and into the printed circuit board. Locating the solder balls at the
out er peri net HOYPI6#4e package i ncreases the thermal path t hPEEEIHITEIELL

. package substrate. The |onger path increases the thermal inpedance of the
package and the junction tenperature of the-Bntegrated circuit. It would be
desirabl e provide a BGA package that has a | onger product life, |ower
thermal i npedance and hi gher 1/0O than BGA packages of the prior art.
SUMVARY OF THE | NVENTI ON The present invention is a ball grid array ("BGA")
i Nt egrat ed cir cuihtpgrdage cikceit sl aheogtbstave. diivemsEngexl satdery of

sol der balls andpg)¢end &l \PeafliBRMItRRAE; BEd eb %ﬂi\ﬂﬂ abal pswepcated on
a bottom surface_of a package substrate. Tge so.deE t}és re_typically
refl owed to mun?a?ﬁe°€at§1?a§8df%gea“p?ripﬁf’gﬁ Ri% A Eboard ™ vwdAfed to an
opposi te surfaceedéctiiral path from the integrated circuit to the

printed circuit board.

B D! D

The objects and advantages of the present invention
will become more readily apparent to those ordinarily
skilled in the art after reviewing the following
detailed description and accompanying drawings, wherein:

Figure 1 is a bottom view of a ball grid array
.integrated circuit package of the prior art;

Figure 2 is a bottom view of a ball grid array
integrated circuit package of the prior art;

Figure 3 is a side cross-sectional view of a ball
grid array package of the present invention;

Figure 4 is a bottom view of the package shown in
Fig. 3;

Figure 5 is a bottom view of an alternate ball grid

array package.

Referring to the drawings more particularly by
reference numbers, Figures 3 and 4 shows a ball grid
array ("BGA*)} integrated circuit package 10 of the
pPresent invention. The package 10 includes a substrate
12 that has a top surface 14 and an opposite bottom
surface 16. Mounted to the top surface 14 of the
substrate 12 is an integrated circuit 16. The
integrated circuit 18 is typically a microprocessor.
Although a microprocessor is described, it is to be
understood that the package 10 may contain any
electrical device(s).




substrate is an integrated circuit that is electrically coupled to the
solder balls by internal routing within the package. The outer array of

sol der balls are | ocated outside the dinensional profile of the integrated
circuit to reduce solder stresses induced by the differential therma
expansi on between the WD 97/ 36466

PCT/ US97/ 0351W09%36466t egrat ed circuit and the substrate. Thecxraesszmssisol der
balls are typically routed directly to ground and power pads of the package
to provide a direct thermal and electrical p&th fromthe integrated circuit
to the printed circuit board. BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ects
and advantages of the present invention will becone nore readily apparent
to those ordinarily skilled in the art after reviewing the follow ng

detail ed description gne recenpfaye g dfavhagubstracei 12 Hdsgare 1 is a

bottom vi ew of apf@%élfﬁ;‘gfagéga pads 20 and a ground bus 22. The
substrate 12 may also have a separate power bus 23
concentrically located about the integrated circuit 18
and ground pad 22. The integrated circuit 18 is coupled
to the bond pads 20 and busses 22 and 23 by bond wires
24. The integrated circuit 16 is typically enclosed by
an encapsulant 26. Although bond wires 24 are shown and .
described, the integrated circuit 18 can be mounted and
coupled to the substrate with solder balls located on
the bottom surface of the circuit die in a package and
process commonly referred to as "C4" or "flip chip"
packaging.

-The bottom surface 16 of the .substrate 12 has a
plurality of contact pads 28. The contact pads 28 are
coupled to the bond pads 20 and busses 22 and 23 by vias
30 and internal routing 32 within the substrate 12. The
substrate can be constructed with conventional printed
circuit board, or co-fired ceramic, packaging processes
known in the art.

A plurality of solder balls 34 are attached to the
contact pads 28 with known ball grid array processes.
The solder balls 34 are typically reflowed to attach the
package 10 to a printed circuit board (not shown).

The contact pads 28 are arranged in an outer two-
dimensional array 36 and a center two-dimensional array
38. Each array contains a plurality of contact pads 28
that are separated from each other by a number of. '
dielectric spaces 40. The outer array 36 1is. separated
from the center array 38 by a dielectric area 42. The
outer array 38 is preferably located outside of the
outer dimensional profile of the integrated circuit 18.
In this manner the solder joints of the outer array 38
are not subjected to stresses created by the difference
in the coefficient of thermal expansion of the
integrated circuit 18 and the expansion coefficient of



integrated circuit package of the prior art; Figure 2 is a bottomview of a
ball grid array integrated circuit package of the prior art; Figure 3 is a
side cross-sectional view of a ball grid array package of the present

i nvention; Figure 4 is a bottomview of the package shown in Fig. 3; Figure
51is a bottomview of an alternate ball grid array package. DETAI LED

DESCRI PTI ON OOABS#6QVENTI ON Referring to the drawi ngs nore BSPUSRUPBSM y by
ref erence nunbers, Figures 3 and 4 shows a ball grid array ("BGA")
integrated circuit package 10 of the present-Snvention. The package 10

I ncl udes a substrate 12 that has a top surface 14 and an opposite bottom
surface 16. Mounted to the top surface 14 of the substrate 12 is an
integrated circuit 16. The integrated circuit 18 is typically a

m cropr ocessor. Aheheubhtrate d2opr Bhesrmtersageat ridhdg, leeaged pgage

understood that the BREkRYCFRnERYnEQHatled aD¥celteQls ifiahn derdacehay
does not undergo as much thermal expansion as the outer
edges of the circuit die. Therefore the solder stresses
created by the differential thermal expansion is minimal
in the area of the center array 38. The separated
arrays provide a pattern that minimizes the stresses on
the solder joints.

The outer array 36 is typically coupled to the
signal lines of the integrated circuit 16. The center
array 38 is preferably coupled to the ground bus 20 and
power bus 23 of the substrate 12. The vias 30 that
couple the busses 22 :and 23 to. the center .contact :pads
38 provide a direct thermal path through the.substrate.
The direct path lowers the thermal. impedance of the
package 10 and the junction temperature of the
integrated circuit 18. Additionally, the short
electrical path lowers the self-inductance and reduces
the switching noise of the integrated circuit 18.

In the preferred embodiment, the package 10
contains 292 contact pads 28 on a 27 by 27 millimeter
{mm) wide substrate 12, or 352 contact pads 28 on a 35
by 35 mm substrate 12. The dielectric space 40 between
the contact pads 28 is typically 1.27 mm. The package
10 typically has a height of approximately 2.5 mm.

The package 10 is assembled by attaching the solder
balls 34 to the contac:t pads 28. The integrated circuit
18 is mounted and coupled to the substrate 12. The
integrated circuit 18 is then enclosed by the
encapsulant 26.. The BGA package 10 is typically shipped .
to an end user that mounts the package 10 to a printed
circuit board by reflowing the solder balls 34.

Figure 5 shows an alternate embodiment of a package
10' which has five or six rows of contact pads 28 in the
outer array 36' of the substrate 12'. The additional
pads 28 increase the input/output (I/0) of the package
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The top surface 14 of the substrate 12 has a plurality of bond pads 20 and
a ground bus 22. The substrate 12 nay al so have a separate power bus 23
concentrically | ocated about the integrated circuit 18 and ground pad 22.
The integrated circuit 18 is coupled to the bond pads 20 and busses 22 and
23 by bond wMQY/36466 The integrated circuit 16 is typicallyPcuaisspmsiby an
encapsul ant 26. Al though bond wires 24 are shown and descri bed, the
integrated circuit 18 can be nounted and ceépled to the substrate with
sol der balls located on the bottomsurface of the circuit die in a package
and process commonly referred to as "C4" or "flip chip" packaging. The
bottom surface 16 of the substrate 12 has a plurality of contact pads 28.
The contact padso?28 mie eepl &erdp Fehe iBopLefdd1700ab6l diThes cdeeand 23 by

vias 30 and 1ntQrpale (AU BEo B2 M ddiche! Bee SHARLEALEddie ThocBUStrate can
be constructed with conventional printed
minimize the stresses on the solder joints. The package
10* may provide 324 contact pads 28 on a 27 by 27 mm
substrate 10. The longer rows of the package 60 provide
the approximate I/0 of a 35 by 35 mm package, within the
footprint of a 27 by 27 mm package.

While certain exemplary embodiments have been
described and shown in the accompanying drawings, it is
to be understood that such embodiments are merely
illustrative of and not restrictive on the broad
invention, and that this invention not be limited to the
specific constructions :and arrangements shown.and
described, since various other modifications may occur
to those ordinarily skilled in the art.




circuit board, or co-fired ceram c, packagi ng processes known in the art. A
plurality of solder balls 34 are attached to the—centact pads 28 with known
ball grid array processes. The S m I e typically reflowed to
attach the package 10 to a pri n;tg ”mlnﬁmmdﬂ'ﬁnot shown). The cont act
pads 28 are arranged in an outer t%Wo-f ditnemsi® array 36 and enter

t wo- di mensi onMOH 38. Each array contains a plurality of PESﬁFg" ’p‘ads
28 that are separated from each other by a nunber of dielectric spaces 40.
The outer array 36 is separated fromthe cenfer array 38 by a dielectric
area 42. The outer array 38 is preferably |located outside of the outer

di mensi onal profile of the integrated circuit 18. In this NBE&H Q 'gr
joints of the outer array 38 are not. subjected to stresseg cregéégéa¥§§ha§N
difference in the coefficient of thernmalCL&tMansi on of the linteg -D .

A=

circuit 18 and the expansion coefficient of WD 97/ 36466

PCT/ US97/ 03511 \ .
What is claimed is:

1. A ball grid array package, comprising:

a substrate which has a top surface and an opposite
bottom surface, said bottom surface having an outer
array of contact pads each separated from each other by
a first distance, and a center array of contact pads
each separated from each other by a second distance,
said center array of contact pads being séparated from
said outer array of contact pads by a third distance
which is larger than the first and second distances;
and,

_ a plurality of solder balls attached to said
contact pads of said substrate.

2. The package as recited in claim 1, wherein said
top surface of said substrate has a plurality of bond

pads.

3. The package as recited in claim 2, wherein said
top surface of said substrate has a ground bus that is
connected to said center array of contact pads by a
plurality of vias that extend through said substrate.

4. The package as recited in claim 3, wherein said
outer array of contact pads has at least five rows of

contact pads.

5. The package as recited in claim 4, wherein said
top surface of said substrate has a power bus that is
connected to said center array of contact pads by a
plurality of vias that extend through said substrate.

This Sheet Has Been Rerla'ced
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-5- the substrate 12. The ce 38 is located near the origin of the

|ntegrated circuit 16 in an area that does not underg a?HEP At QWEEN
expansi on as the outer edges ou"mm, mmmnr Theref %ﬁ@g@é
stresses created by the differ lmpanS| on the
area of the center array 38. The sepa'r at'ed Sar rays provi de a pattern that

m ni ni zes t héV@PF4efes on the sol der joints. The outer arrayrcifusowossis
typically coupled to the signal lines of the integrated circuit 16. The
center array 38 is preferably coupled to thé-ground bus 20 and power bus 23
of .the substrate 12. The vias 30 that couple the busses 22 and 23 to the
center contact pads 38 provide a direct thermal path through the substrate.
The direct path |Iowers the thermal inpedance of the package 10 and the
junction tenperaturesof The ;iaaﬂ@géaagokezj;rt@ui in J&axﬁddi,twnéhaéilry,saﬁ.be short

el ectrical path Sa B%[a% n es,t i {ching noise
of the integrat egg\glg%cu {@13&4 hE%L}E re e?‘rge g ?r%n%?fq?"r\?eggackage 10
contai ns 292 coﬁF&Etmﬁﬁﬁ§*28 on a 27 by 27 n1II|neter

7. A ball grld array integrated circuit package,
comprising: _

a substrate which has a top surface and an opposite
bottom surface, said top surface having a plurality of
bond pads, said bottom surface having an outer array of
contact pads each separated from each other by a first
distance, and a center array of contact pads each
.separated from each other by a second distance, said
‘center array of .contact pads being separated from said
outer array of contact pads by a third distance which is
larger than the first and second distances:;

a plurality of solder balls attached to said -
contact pads of said substrate; and,

an integrated circuit that is mounted to said
substrate and coupled to said bond pads.

B. The package as recited in claim 7, wherein said
top surface of said substrate has a ground bus that is
coupled to said integrated cirecuit and connected ro said
center array of contact pads by a plurality of vias that
extend thréugh said substrate.

9. The package as recited in claim 8, wherein said
outer array of contact pads has at least five rows of

contact pads.

10. The package as recited in claim 9, wherein
said top surface of said substrate has a power bus that
is connected to said center array of contact pads by a
plurality of vias that extend through said substrate.

This: Sheet Has Been Rep
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(M wi de substrate 12, or 352 contact pads 28 on a 35 by 35 nm substrate
12. The dielectric space 40 bet jm,l j’@lm:ﬂlﬂﬂglfads 284“J

nm The package 10 typically ha oxi mat e}y .%Egig ég
package 10 is assenbl ed by attachlng e Lolter” balls 3 ﬁ
pads 28. The integrated circuit 18 is mounted and coupled to the substrate
12. The integrWO#3&66écuit 18 is then enclosed by the encapsuPEHUSPE3Sithe
BGA package 10 is typically shipped to an end user that mounts the package
10-to a printed circuit board by reflowi ng thB-solder balls 34. Figure 5
shows an al ternate enbodi nent of a package 10' which has five or six rows

of contact pads 28 in the outer array 36' of the substrate 12'. The

addi tional pads 28 increase the input/output (1/0 of the package WO
97/ 36466 11. The package as recited in cRPEIMUSD.//Wi@3ein-6- 10.

The outer array 36,45 %§¥5595§p£y Mttt act SadHtiar adl-akgsd amabh poed i | e of

the integrated circu |t
by four matrix.

12. The package as recited in claim 11, wherein
said integrated circuit is enclosed by an encapsulant.

13. The package as recited in claim 7, wherein
said outer array of contact pads is located outside an
outer dimensional profile of said integrated circuit.

14. A methdd for assembling a ball grid array
integrated circuit package, .comprising the steps of:

a) providing a substrate which has a top surface
and an opposite bottom surface, said bottom surface
having an outer array of contact pads each separated
from each other by a first distance, and a center array
of contact pads each separated from each other by a
second distance, said center array of contact pads being
separated from said outer array of contact pads by a
third distance which is larger than the first and second
distances;

b) mounting an integrated circuit to said top
surface of said substrate; and,

c) attaching a plurality of said solder balls to

said contact pads.

15. The method as recited in claim 14, further
comprising the step of encapsulating said integrated

circuit.

16. The method as recited in claim 15, further
- comprising the step of coupling said integrated circuit
to said substrate with a plurality of bond wires.

This Sheet Has Been Rep
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mnimze the stresses on the solder joints. The package 10' may provi de 324
contact pads 28 on a 27 by 27 nm substraté ‘1p. The | onger rows of the
package 60 provide the approximate 1/0O of a 35 by 35 nm package, within the
footprint of a 27 by 27 mm package. Wiile certain exenplary enbodi nents
have been described and shown in the acconpanying drawings, it is to be
under st ood t hAYO¥RM6%hodi nents are merely illustrative of HfH/HPIASLE
restrictive on the broad invention, and that this invention not be limted
to- the specific constructions and arrangenents shown and descri bed, since
various other nodifications may occur to those ordinarily skilled in the
art. CLAIMS What is clained is: 1. A ball grid array package,
conprising: a substrate which has a top sM3ace and an exposed external
bottom surface, said external bottom surface having plurality of contact
pads, said plurality of contact pa@\consi-;td ng onl yyof an
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outer array of contact pads each separated fromeach other by a first

di stance,” and a center array of contact pads each separated from each ot her
by a second distance, said center array of contact pads being separated
from said outer array of contact pads by a third distance which is |arger
than the first and second distances; and a plurality of solder balls
attached to sWOP7RéME act pads of said substrate. 2. The packBGHUSEAIYML|  od
i claiml, wherein said top surface of said substrate has a plurality of
bond pads. 3. The package as recited in claim2, wherein said top surface
of. said substrate has a ground bus that is connected to said center array
of contact pads by a plurality of vias that extend through said substrate.
4. The package as recited in claim3, whe@in said outer array of contact
pads has at |east five rows of contact pads. 5. The package as recited in
clatm4, wherein said top surface of said substrate has a power bus that is
connected to said center array of contact pads by a plurality of vias that
extend through said substrate.
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-8- 6. The package as recited in claim5, wherein said center array of
contact pads is arranged in a four by four matrix.. 7. A ball grid array
integrated circuit package, conprising: a substrate which has a top surface
and an exposed external bottom surface, said top surface having a plurality
of bond pads, said external bottom surface having a plurality of contact
pads, said pl urWPi956486 cont act pads consisting only of an outRET/HS¥7ASIbHS
contact pads each separated fromeach other by a first distance, and a
center array of contact pads each separated from each other by a second

di stance, said center array of contact pads being separated from said outer
array of contact pads by a third distance which is larger than the first
and second di stances; a pIuraJitﬁhof 3 der balls attached to said contact
pads of said substrate; and gpr egrateq circuit that is nounted to said
substrate and coupled to sai d bond pads’(’2

0000000000000 000000O0
00CD00000000000000000 36
00000000000000000000
000000000000 0CO00000O0O0

o000 18 ooco
ocooo0d8 [ o000

o000 \L_ 1 o000

o000 oooooco | oo0o00

cooo | 000000 |,, 0000
0000 I 000000 I....o«:>oc>'"\\
oocoo 000000 0000 40
cooo | oooooo | oooo

©000 | 000000 | 0000

oco0QoO — e o d o0 0™
o000 0000 34
0000 0000
000000000DCO00O0O0O000D0
0000000000000 00OD000D0
0000000000000000000O0
00000000000 DO000000O0

N
=
),
(-]
I

0000000000000 O000000
0000000000000 0000000
oocoocoooolboooooooo000
0co0O0O0OOOOOlOODOCOODCOODOO
00000000C0/00000C0OO00000

s loooooco__/ ___ _ooooooo
1}~/ooooool 7 oo000
0c000 | oocoof
00000 ' 0000 ‘ 0000
ooooo’ 0000 | 00000
00000 o000 co00o0O0
ooooo | oooo | ooooo
0000 | | ooooco
00000 ., __ _ _____ 1000000
0000000 000000

4 00000000000000000000
36 CO0ODOOO0ODODO0OO0CO0000D0
0000000000000 0O00O0O0OD
00C00000000000000000
000000000C00C00000C0000

- FIG. 5

SUBSTITUTE SHEET (RULE 26)



8. The patkage as recited in claim?7, wherein said top surface of said
substrateé has a ground bus that is coupled to said |?W§€d}cg;r[:w d
connectied to said center array of contact pads by a pluralit Vi tr)at
extend through said substrate. 9. The package as recited in cClua 8!,85035
wherein said outer array of contact pads has at least five r g Cpgiprgt
pads. 10. The ppgRYUe as r ecworaminieneciual ciNgdAmoR ai d t op NG ace of
sai d substrate has a power bus that riemaony} ed to said center array of
cont act  [RTERNSTIONALARFLIGATIGN PUBLISHER 1INDER BiRPATENT (XIOPERATION FRRATY, @CD)

REPLA paF PatenfClassttibation 116 PACK20€ [af) fnkfnbtiofi Pubiiaton MubbeiO, WNWWO197/364¢
center arﬁ%%’?ﬁg@%iﬂ‘% is arranpged 1n a four by four matrix. 12. Th
edrnc

package as recl arm 11, whe
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(57) Abstract

. . A ball grid array (BGA) integrated circuit package (10) which has an outer two-dimensional array of solder balls and a center
two-dimensional array of solder balls (34) located on a bottom surface (16) of a package substrate (12). The solder balls are typically
refiowed to mount the package to a printed circuit board. Mounted to an opposite surface of the substrate is an intcgrated circuit (18) that
is electrically coupled to the solder balls by internal routing within the package. The outer atray of solder balls are located outside of the
dimensional profile of the integrated circuit to reduce solder stresses induced by the differential thermal expansion between the integrated
circuit and the substrate. The center solder balls are typically routed directly to ground and power pads of the package to provide a direct
thermal and electrical path from the intzgrated circuit to the printed circuit board.




“13.° The ‘package as recited in claim7, wherein said outer arraﬁmicgngﬂ

.pads is |ocated oaﬁ; nS|onaI profile of said
circuits 14. A ne a ball grid array integrated circuit
package, - conpri si hg{t he_ st.eps : providing a substrat(a a Tbp
surface and an expoped & j@r@ﬁé ttom surface, said ext mmm“rp
surface having a plprality of co t pads,-%aid plurality of contact pads
consisting only of an outer array contact pads each sep r Epntggfﬁ/
other by a first & nter array of contact. pads eac
separated from each other by-a second distance, said center array of -
contact pads being separated frontsald #iﬁi array of .contact pads by a
third distance which is larger than the ¥ and seconﬂlﬂlﬁﬂmtm&ﬂmm
mounting an integrated CII‘CUI'[ to said top surface of s d,
c) attaching apﬂéprﬂ,. {: %aif sol der ball's to said contatCt pad's $15* The
arm

nmet hod as reci in c urther conprising the step of encapsul ating

'sald integrated circuit, 16, The nethod as recited in, claima15, further
1. A ball grid array package, comprising:

a substrate which has a top surface and anmexposed external

bottom surface, said external bottom surface having a plurality of

contact paéé, said plurality of contact pads consisting only of an

outer array of contact pads each separated from each other by a
Ktzi E first distance, and a cehter array of contact pads each separated -
| from each other by a second distance, said center array of contact
pads being separated from said outer array of'contact'pads by a
third distance which is larger than the flrst and second
-dlstances, and ' _
a plurallty of solder balls attached to said contact pads of ;
said substrate. ' '
2. $hé package as'ré¢itéd'iﬁfélaiﬁgfstﬁﬁéféiﬁls&iﬁ
top surface of said ‘substrate has a plurality of bond

3. fThe package as recited in élaim_é,‘wha;eih said
top surfate of .said substrate has a ground bus - that is
connected to said center array ‘of eontact pads by a
plurality of vias that extend through sald substrate.

4. The package as recited in claim 3. wherein said
outer array of contact pads has at least five rows of

contact pads.

S. ‘The package as recited in claim 4, Qherein said
top surface of said substrate has a power bus that is
connected to said center array of contact pads- bv a
plurality of vias that extend through said substrate.

Ct;(\zS:\‘S\'- -
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conprising the step Sad#ntegrated circuit to sai te
w th a plurality of M@ﬁ' ofkt DLAC%NEI\FI' SHEET 17. An imng SHEET
CIrCUIt “package for fan integrated c{rguit which has a di nensional profile,
conprising: a substrate @i JUNhZB0ait op surface and an exposed exter. nar
- bottom surface, sai @ ¢xternal bottom .~,urface avi ng tact
pads, said plurality of contact pads fonsi stl 1g onl yTImm u"m‘ml
cont act pads Iocate%_outside t he di nehsional profile of FhetlnneQYahe
circuit and a center array of contact pads |ocated within the dinmensional
profile of the integrated circuit; wherein said outer array is separated
fromsaid center arr#y bfha gacskapsead h&tc.’jtedgliaatbaimiﬁn méln"eiitrﬁm‘aﬁd/mi ch
separates said t o) ry eC|ted in
Fantar aP?Qé & i 064& g%’lgg subs llt;i{uas a L‘Jlrra rty of

claim 17, wherein said top surface

bond pads 19. fous Pakkd¥e as recited in claim 18 wher ein sal d top
surface of said substrate has gr.qund bus that is_connected to said center
array of contact pad%- by & lb"}]l}r @F’-’P'fiya‘f)’Fal(/l‘é’é:eﬁﬁaFed circuit package,

comprising: _
a substrate which has a top surface and an exposed exﬁernal

bottom surface, said top surface having a plurality of bond pads,

said external bottom surface having a plurality of contact pads,

said plurality of contact pads coﬁsisting only of an outer array

Sﬁi of contact pads each separated from each other by a first _
distance, and a center array of contact pads each separated from
each  other by a second dlstance, said center array of contact pads .
being separated from said outer array of contact pads'by a.third
distance which is lafger than the first and second distances;
a plurality of solder balls attached to said centact'pads of
said Substrate; and _ |
an integrated circuit that. is mounted to said substrate and
coupled to said bond pads. '
8. The package as revited in claim 7, wherein said
top surface of said substrace has a ground bus that is
KJ/ coupled to said integrated circuit'and contiected to said

¢center array of contact pads by a plurality of vias that
extend through said substrate.

9. The package as recited in claim 8, wherein said
outer array of contact pads has at least five rows of

contact pads.

10. The package as recited in claim 9, wherein
said top surface of said substrate has a power bus that
is connected to said center array of contact pads by a
plurality of vias that extend through said substrate.
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extend -t hrough sai d subgtfat+e——28-—th
wherei n sai d outer arrayRbPLAGKMENT "

' :d' 'b't T?e Eackage hs[Tecrited T THaijm 20, wherein said top surface of
said substrate has a poyef t connected to said center arr -~
contact pads by a pl ulroa yh‘g? '!/q]gszupggt aymr
The package as recited |ni ' r

pads is arranged in a fpur by four nmatri
claim1, wherein the firsr dorsrance s the sane as the second di stance.

The package as.recited in claim?7, wherein the first distance is the sane
as the second distangg.. ThéSpacHdlfe parkagdtrad factleihniXo cluhierein, further
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top surface andbgnfeppomateiexposed external bottom surface; and,

ackage as recited in
T as at |least five rows o&@@ﬂzﬂ#n

Fg con S ﬁﬂﬂ!ﬁﬁ@i

The packade as Mechte

12. The package as recited in claim 11, wherein
said integratéd circuit is enclosed by an encapsulant.

13. The package as recited in claim 7, wherein
said outer array of contact pads is located outside an’
outer dimensional profile of said integrated circuit. -

14. A method for assembling a ball grid array integrated
circuit package, comprising the steps of: '
- a) providing a substrate which has a top surface and'an

exposed external bottom surface, said external bottom surface

having a plurality of contact pads, said plurality of contact pads

consisting only of an outer array of contact pads each separated
from each other by a first distance, and a center array of contact .
pads each separated'from each other by a second distance, said :
center array of contact pads being separated from said outer array '
of contact pads by a ‘third distance which'is;larger than the first
and second distances; | ‘

b) mounting an integrated circuit to said top surface of said
substrate; and, _ . -

c) attaching a plurality of said solder balls to said contact'
pads. ' '

15. The method as recited in claim 14, further
comprising the step of encapsulating said .integrated

circuit.

16. The method as recited in claim 15, further
comprising the step of coupling said integrated circuit

to said substrate with a plurality of bond wires.



“a pI ural ity of soldg BEELACEW{\HaSHEET 0 said external bottom rface of

sai-d substrate, said golder balls cpngisting OMCMG\C;EMENT SHEET
sol der balls each s¢p r of edJBNopgi8achi ot her by a first distance _

center array of sol Eie bal | s each sbparat ed friol ,’m mrmﬂ second
di stance, said cent¢r bal hg bei ul, f”m' sai d outer
array of solder ballls_by a third. di stance whigh i's Far'ger"than*the first

and second di stances. 27. The p e.as.recited in claim?26, wherein the
first{di stancelfs eﬁﬂa%nt%%rtaﬁéds%“%%ﬁtdpﬁ%ﬁ&% forp anndnEegEried &dXEPIEL t

package f@hi@ Haldt 808 Hh&sEiGnad Uptoidlie,h BagrasdhgEnsi onal profile,
conprising: a substrate which has a top surface and an exposed exter.nal

bot t ofn sur f ace® SPRFLFRAR VHich had geboBftitaqe.pnd, an fARaSed)SFbeRAY

exter hal botiMMsuEhas e, sHid SxbOLalel Hltom 60PFASH in2eiagl ¥ }lsiumle_ t 8¢
arrayfof solder balls | ocated outside the di nensjonal profi of t

i nt egf at etPREAtUPRAEN P L AHPERLLEY KF GP%GFH@a%Iq%SFSEH‘%CP%W Hlfna?he

ﬁ

di men$i onghtdy Qiriche 6f ddiftact pgaSt RitatiedCButsidd iRl Bifdhslisndier array is

separated fromsaid centfer array by a di stance that is greater than a
) by fro

di st ahce MR es@faFBt entegrate CUi PBAf R oTRUAH 25T REOL contact

pads located within the dimensional profile of the 1ntegrated
circuit, wherein said outer array is separated from said center
array by a distance that is greater than a distance which

separates said contact pads from each other.

18. The package as recited in claim 17, wherein said top

surface of said substrate has a plurality of bond pads

19. The package as recited in claim 18, wherein said top _
surface of said substrate has a ground bus that is connected to
said center array of contact pads by a plurality of vias that

extend through said substrate.

20. The package as recited in claim 19, wherein said outer

array of contact pads has at least five rows of contact pads.

21. The package as recited in claim 20, wherein said top
" surface of said substrate has a power bus that is connected to
said center array of contact pads by a plurality of vias that

extend through said substrate.

22. The package as recited in claim 21, wherein said center

array of contact pads is arranged in a four by four matrix.

23. The package as recited in claim 1, wherein the first

distance is the same as the second distance.

24. The package as recited in claim 7, wherein the first

distance is the same as the second distance.




°29. .The' package BEP%QEM&NWNSHEE\T m 28, wherein the first di St?ﬁEPEA{:mﬁﬂ"‘ghEU

to.the-second di $t
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25. The package as recited in claim 17, further comprising

a plurality of solder balls that are attached to said contact

pads.

26. A ball grid array package, comprising:

a substrate which has a top surface and an opposite exposed
external bottom surface; and, - .

a plurality of solder ballé attached to said external bottom
surface of said substrate, said solder balls consisting only of an
outer array of solder balls each éeparated from each other by a
first distance, and a center array of solder balls each separated
from each other by a second distance; said center array of solder
balls being separated from said outer array of solder ba115'byla
third distance which is larger than the first and second -

distances.

27. The package as recited in claim 26, wherein the first

distance is equal to the second distance.

28. An integrated circuit paékage for an integrated circuit

which has a dimensional profile, comprising: '
_ a substrate which has a top surface and an exposed external

bottom surface; ' |

a plurality of solder balls that are attached to said
external_bdttom surface, said solder balls consisting only'of an
outer array of solder balls located outside the dimensional
profile of the integrated circuit and a center array of solder
balls located within the dimensional profile of the integrated
circuit, wherein said outer array is separated from said center
array by a distance that is greater than a distance which

separates said solder balls from each other.

29. The package as recited in claim 28, wherein the first

distance is equal to the second distance.



