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. Thermally and Electrically Enhanced Ball Grid Package

1. FIELD OF THE INVENTION
The present invention relates to an integrated circuit package.
2. DESCRIPTION OF RELATED ART

Integrated circuits (ICs) are typically housed within a package that
is soldered to a printed circuit board. The IC package can be soldered
to the printed circuit board by a plurality of solder balls. Such a package
is commonly referred to as a ball grid array (BGA). BGA packages can
be used to house large integrated circuit devices such as
microprocessors. Microprocessors generate a relatively large amount of
heat and typically réquire a significant number of input/output (I/O) pins.
The heat increases the junction temperatures, which may affect the
performance of the integrated circuit. It is therefore desirable to have a
thermally efficient package structure to remove the heat from the IC. The
high I/O requirements of a microprocessor typically increase the routing
space and overall size of the package and the printed circuit board
assembly. It is therefore desirable to provide a BGA package that is
both compact and thermally efficient. _

Microprocessors operate at relatively high speeds, wherein noise
can be introduced to the signals traveling between the integrated circuit
and the printed circuit board. The microprocessor may also require
multipie voltage levels. It would be desirable to provide a compact,
thermally efficient BGA package that reduces electrical noise and allows
muttiple voltage levels to be supplied to the integrated circuit.

SUMMARY OF THE INVENTION



The present invention relates to an integrated circuit package. 2.
DESCRI PTI ON OF RELATED ART____ Integrated circuits (I1Cs) are
typically housed within a package that is soldered to a printed

ci scuit board. The |IC package can be sol dered to the printed circuit
board by a plWO#6R1280 of sol der balls. Such a package | SPCTISH6020p0
referred to as a ball grid array (BGA). BGA packages can be used to
house large integrated circuit devices such as m cr opr ocessors.

M croprocessors generate a relatively |arge anmount of heat and
typically require a significant nunber of input/output (1/0 pins. The
heat increases the-junction tenperatures, .ghich may affect the

performance of the integrated circuit. It is therefore desirable to have a

thermal |y efficient peRk3pgsent inventioris an irﬁ&ﬁl’é?ed th’tﬁ:’dckéé@ﬁtﬁéfﬁhé@ The
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extend along the edges of the shelves. The edge strips eliminate the

need for conventional vias to couple the bonding pads to the planes and

thus reduces the cost and size of the package. The edge stripsalso .

improve the electrical performance of the package. The bonding pads

are coupled to an integrated circuit that is mounted to a heat slug

attached to a top surface of the package. The heat slug can function as

both a ground path and a thermal sink for the integrated circuit. The

package may have capacitors coupled to the internal routing of the

package to reduce the electrical noise of the signals provided to the

integrated circuit. Additionally, the package may have multiple power

planes dedicated to different voltage levels. The bonding pads and

conductive planes are coupled to landing pads located on a bottom

surface of the package. Attached to the landing pads are solder balis

which can be soldered to an external printed circuit board.

BRIEF DESCRIPTION OF THE DRAWINGS

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 cross-sectional view of an integrated circuit package
assembly of the present invention;

Figure 2 is a top view of the integrated circuit package;

Figure 3 is a bottom view of the integrated circuit package;

Figure 4 is an enlarged sectional view showing a plurality of
bonding pads of the package;

Figure 5 is a bottom view of a ball landing of the package;

Figure 6 is an alternate embodiment of a ball landing;

Figure 7 is an alternate embodiment of a ball landing.
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DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings more particularly by reference numbers,
Figures 1-3 show an integrated circuit package assembly 10 of the
present invention. The assembly 10 includes an integrated circuit 12
located within a package 14. The integrated circuit 12 may be an
electronic device such as a microprocessor. Although a single
integrated circuit 12 is shown and described, it is to be understood that
multiple integrated circuits, or other non-IC slectronic devices can be
housed within the package 14 of the present invention.

The package 10 contains a multi-layer printed circuit board 16.
The circuit board 16 has a number of conductive layers 18-28 separated
by dielectric fayers 32-44. The conductive layers 20, 24 and 28 have
inner bonding pads 46 located within an inner cavity 48 of the package
10. In the preferred embodiment, the multi-layer printed circuit board is
constructed from four different conventional printed circuit boards that
have conductive lines/planes on one or both sides of a hard dielectric
substrate (32, 36, 40 and 44). The substrate may be a glass filled epoxy
or other conventional printed circuit board material. The printed circuit
boards are typically bonded together with an adhesive such as a
polyimide (34, 38, and 42). Constructing the package 10 with
conventional printed circuit board technology decreases the cost of
developing and producing the multi-layer package 10.

The conductive layers of the multi-layer printed circuit board 16
are constructed to transmit both power and digital signals, wherein the
digital signals are typically carried by individual leads and power is
supplied on conductive planes. In the preferred embodiment,
conductive layers 18 and 26 are dedicated to ground (VSS), conductive
layers 20 and 22 provides power (VCC), and layers 24 and 28 carry
digital signals. Each power layer can provide a different level of power.
For example, the conductive layer 20 can be coupled to a 5 V power
supply and conductive layer 22 can be coupled to a 3.3 V power supply.
The integrated circuit 12 can be wire bonded to one or both power
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coupl ed to internal conductive power/ground planes by|condWRBALREESt T PS
t hat extend al ong the edges of the shelves. The edge STTTpS eHffate—i
t he need WO362B84enti onal vias to couple the bondi ng padBCTUSSsN00p! anes
and t hus reduces the cost and size of the package. The edge strips al so
i nprove the el ectrical performance of the package. The bondi ng pads are
coupled to an integrated circuit that is nounted to a heat slug

attached to a top surface of the package. The heat slug can function as
both a ground path and a thermal sink for.4.he integrated circuit. The
package may have capacitors coupled to the internal routing of the

package to reducgybhLo angioR Ge“ﬂena @&imb%ﬁrqaauﬁe:ﬁém dilqﬁe Citcdit'e

I ntegrated ci rcullé Addi ti onal | package may have nultiple power
pl anes dedi cated 'fo different voltage | evel s. The bondi ng pads and
conductive pl anes ar eAgshpwadn Figureddthegbgnsling pads:46 are locatashon tisred

shelves of the package 10. Some of the bonding pads 46 have
additional strips 52 that wrap around the end of the dielectric material
and are connected to an adjacent underlying conductive layer 22 or 26.
The wrap around feature provides an interconnect between the bonding
pads 46 and the conductive planes 22 or 26 without using any vias.

Attached to the printed circuit board 16 is a heat slug 54. The
heat slug 54 is preferably constructed from a material such as copper
that is both thermally and electrically conductive. The heat siug 54 may
be mounted to conductive layer 18 with an electrically and thermally
conductive adhesive 30. Mounted to the heat slug 54 is the integrated
circuit 12. Ground pads located on the bottom of the integrated circuit
12 can be electrically coupled to the heat slug 54. The heat slug 54
provides a ground plane for the package and electrically couples the
‘circuit 12 to the circuit board 16. The heat siug 54 can thus provide the
dual functions of a ground piane and a thermal sink.

The integrated circuit 12 also contains outer surface pads (not
shown) that are coupled to corresponding inner bonding pads 46 by
wires 56. The wires 56 can be attached to the circuit 12 and the
bonding pads 46 by conventional wire bonding technigques. After the
integrated circuit 12 is bonded to the printed circuit board 16 the inner
cavity 48 is filled with an encapsulant 58 that encloses the circuit 12. A
solder mask 60 is applied to the outer surfaces of the package to
insulate the outer layers of the circuit board 16.

A passive element 62 such as a capacitor can be attached to the
circuit board 16. The capacitor 62 which is attached to the ground plane
{18) is connected to the power planes by plated through hole vias 64.

As shown in Fig. 3, the bottom layer 44 of the circuit board 16 has
a plurality of soider balls 68 attached to a plurality of ianding pads 70.
The landing pads 70 are coupled to the integrated circuit 12 by the vias
and routing of the package 14. As shown in Fig. 1, the solder balls 68
are attached to a printed circuit board 72.

-2-; The present invention is an integrated ci rgeﬂ-n-t—paakane
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sur.face of the package. Attached to the | anding pads are solder balls

which _can bhe soldered to an external printed circuit boarf QHEET MAS BEEN
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is a cross-sectional view of an integrated circuit package assenbl y of

the present invention;
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circuit package;

a plurality of

Figure 3 is a bottomview of the integrated

Figure 4 is & enl arged sectional view show ng

bondi ng pads of the package; Figure 5is a

bottom vi ew of a bal IFiguresi5p shéwidiermae idriting pad 70, 70' and Fgure 6 is an
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al t ernat e enbodi nen

the solder resist 60 is typically applied across the bottom surface of the
package 14. Openings 72, 72' and 72" are formed above the lands 74,

- 74’ and 74", respectively, to allow the solder balls 68 to be attached

thereto. The openings 72 can be made larger than the land 74 as
shown in Fig. 5 or smaller than the land 74" as shown in Fig. 7. The
lands are connected to vias 76 that couple the solder balls 68 to the
internal routing of the package.

To assemble a package 10, the individual printed circuit boards
are bonded together by adhesive to create the multi-layer printed circuit
board 16. The individual printed circuit boards can be bonded together
using conventional lamination techniques. Before the boards are
bonded to together, the conductive planes and traces are etched into a
desired pattern to create conductive layers 18-28. The heat slug is
mounted to the top of the printed circuit board 16 and the solder resist
60 is applied to the outer surfaces of the circuit board.

After the multi-layer board 16 and heat slug 54 are assembled,
the solder balls 68 can be attached to the landing pads 70. The
package is typically shipped as a separate unit for subsequent usage
with an integrated circuit 12. The integrated circuit 12 is mounted o the -
heat slug 58 and wire bonded to the printed circuit board 16. The
package may then be tested and filled with an encapsulant 56 to
enclose the circuit 12. _

Whiie 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.
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The integrat ceWOR6RFWPt 12 may be an el ectronic device such avcmxsmzoon
M Croprocessor.

g

1. A ball grid array package for an integrated circuit, comprising:

a circuit board that has a landing pad and a conductive plane,
said circuit board further having a shelf and a bonding pad, wherein
said conductive plane is connected to said bonding pad by a conductive
strip that extends across an edge of said shelf;

a heat siug attached to said circuit board; and,

a solder ball attached to said landing pad of said circuit board.

What is claimed is:

2. The package as recited in claim 1, wherein said heat slug is
electrically coupled to a second conductive plane.

3. The package as recited in claim 1, further comprising a
passive element attached to said circuit board.

4. The package as recited in claim 3, wherein said passive _
element is a capacitor mounted to an external conductive plane of said
circuit board.

5. The package as recited in claim 1, wherein said landing pad is
coupled to said conductive plane by a via.

6. A ball grid array package assembly, comprising:

a circuit board that has a landing pad and a conductive plane,
said circuit board further having a shelf and a bonding pad, wherein
said conductive plane is connected to said bonding pad by a conductive
strip that extends across an edge of said shelf;

a heat slug attached to said circuit board;

an integrated circuit mounted to said heat slug; and,

a solder ball attached to said landing pad of said circuit board.

7. The package assembly as recited in claim 6, wherein said
integrated circuit is electrically coupled to said heat slug.
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Al t hough a single integrated circuit 12 is shown and descrihed, if Is to b
understood that nultiple‘integrated circuits_ _ar ather THIS SHETT HASIBEEN
devices can be housed wi thin the package 14 of the present invespl Q0D
The package assenbly 10 contains a multi-layer printed ci
The circuit D¥@PH2PY has a nunber of conductive |ayers 18- 2GPEHpsacHRMSd by
dielectric layers 32-44. The conductive layers 20, 24 and 28 have inner
bondi ng pads 46 located within an inner cavity 48 of the package assenbly
10. In the preferred enbodiment, the nulti-layer printed cifcuit board—+s
constructed fromfour different conventional printed cir

have conductive |ines/planes on one or bothk sides of a hjmuﬂm(lm”ﬂm] II,
substrate (32, 36, 40 and 44). The substrate nmay be a gl ass f¢i | kednepoxy= or
ot her conventional printed ci rcuit board mat eri al . The printed circuit

(34 38 and 42) - Corbr T8 PRHERER, %53?%%%nﬁ%h%®n€%r§%a%@?: Med
circuit board tehﬁﬁ(ﬁ‘l!ggF Qi@@ﬂ@%ib/@upl&d 908 seeandieqndlustive §laned produci ng t he

mul ti-layer package 14. The conductive | ayers of the mul ti-1ayer

<1 gna s, “whor e -t ho oy TG GBI AfoBRLet ol lm < 31\ 21

| eads and power GUMPrigiRg RRASSIve@leMERt attached to said circuit board.

10. The package assembly as recited in claim 6, wherein said
passive element is a capacitor mounted to an external conductive plane
of said circuit board.

11. The package assembly as recited in claim 6, wherein said
landing pads are coupled to said conductive plane by vias.

12. A printed circuit board assembly, comprising:

a circuit board that has a landing pad and a conductive plane,
said circuit board further having a shelf and a bonding pad wherein said
conductive plane is connected to said bonding pad by a conductive strip
that extend across an edge of said shelf;

a heat slug attached to said circuit board;

an integrated circuit mounted to said heat slug;

a solder ball attached to said landing pad of said circuit board,;
and, . -

a printed circuit board attached to said solder ball.

13. The board assembly as recited in claim 12 wherein said
mtegrated circuit is electrically coupled to said heat slug.

14. The board assembiy as recited in claim 13, wherein said heat
slug is electrically coupled to a second conductive plane.

15. The board assembly as recited in claim 12, further
comprising a passive element attached to said circuit board.
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pl anes. In the preferred enbodi nent, conductive |ayers 18 d 26 are

dedi cated to ground (VSS), conductive layers 20_and 22 provrrplgsgquepAS BEEN
VCCO), and layers 24 and 28 carry digital signals. Each poper

(veQ) , y y dig g P ﬁ'[ﬁxﬁfﬁ}n

provide a different |evel of power. For exanple, the conduk
can be coupl eWQ9%2288 \/ power supply and conductive | ayer ZZPMSMMUM ed
to a 3.3 V power supply. The integrated circuit 12 can be wre bonded to

one or both power Fayers—

20 and 22 dependi ng upon the power requirenents of the cij
shown in Figure 4, the bonding pads 46 are | ocated on t| mmmﬂ "H#I'””“
package 14. Sone of' t he bondi ng pads 46 hagie additional st«1ps

16. The board assembly as recited in claim 15, wherein said
passive element is a capacitor mounted to an external conductive plane
of said circuit board.

17. The board assembly as recited in claim 12, wherein said
landing pad is coupled to said conductive plane by a via.
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that wap around the end of the dielectric material and are connected to an
adjacent underlying conductive layer 22 or 26, The wap around feature
provi des an interconnect between the bonding pads 46 and the conductive

pl anes 22 or 26 wi thout using any vias. Attached to the printed

ci rcui t boar dWO®6i28288 heat slug 54. The heat slug 54 is pref pCRUSY602000
constructed froma material such as copper that is both thermally and

el ectrically conductive. The heat slug 54, may be nounted to conductive

| ayer 18 with an electrically and thernﬂ/?y conducti ve adhesive 30. Munted
to.the heat slug 54 is the integrated circuit 12. G ound pads | ocated on
the bottomof the integrated circuit 12 can be electrically coupled to the
heat slug 54. The heat slug 54 provides a gr d pl ane for the package and

electrically couples the circuit 12 to the ¢ 't bofd he heat sl ug
54 can thus provide the dual functions of a unfl pkane t her mal

si nk. The integrated circuit 12 also ¢ aips OU ace pads (not
shown) that are coupled to corresponding in bohdi ng pa by wires 56.
The wires 56 can be attached to the circuit qg t he boRs} pads 46 by
conventional w re bonding techniques. After b&sgrate \Mqcuit 12 is
bonded to the printed circuit board 16 the r ca.&}y 4 filled wth

an encapsul ant 58 that encl oses
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the circuit 12. A solder mask 70 is applied to the outer surfaces of the
package to insulate the outer_layers of the circuit board 16 A

passi ve el enment 62 such as a capacitor can be attached to the circuit board
16 The capacitor 62 which is attached to the ground plane (18) is

connect ed t o woesgmaser pl anes by plated through hol e vias 64PCT/US96/0200(ns
shown in Fig 3, the bottomlayer 44 of the circuit board 16 has a plurality
of solder balls 68 attached to a plurality of |anded pads 70. The | andi ng
pads 70 are coupled to the integrated cid/buit 12 by the vias and routing of
t he package 14. As shown in Fig. 1, the solder balls 68 are attached to a
printed circuit board 72.
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- 5- Figures 5-7 show alternate | anding pad 70, 70' and 70"
confiqurations. To prevent shorting._and enviraopnental contam nation, the
sol der resist 60 is typically applied across the bottom surface of the
package 14. Openings 72, 72' and 72" are formed above the |ands 74, 74' and
74", respect iW@P6272800 al | ow t he sol der balls 68 to be attactRGIUSINWBL. The
openings 72 can be made larger than the land 74 as shown in Fig. 5 or
smal l er than the land 74" as shown in Fig., 7. The |lands are connected to
vias 76 that couple the solder balls 68 géxthe internal routing of the
package. To assenbl e a package assenbly 10, the individual printed
circuit boards are-bonded together by adhesive to create the nmulti-Iayer
printed circuit board 16. The individual printed circuit boards can be
bonded t ogether using conventional |am nation techniques. Before the boards
are bonded to together, the conductive planes and traces are etched into a
desired pattern to create c@fductive |layers 18-28. The heat slgg\:s nount ed

to the top of the printed cijrcui p~#8ard 16 and the solder resis{ 60 is
applied to the outer surfacgs t he
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circuit board. After the nmulti-layer board 16 and heat slug 54 are
assenbl ed, the solder balls 68 can he _attached ta.the landing pads 70 The —
package is typically shipped as a separate unit for subsequent usage with
an-integrated circuit 12. The integrated circuit 12 is nounted to the heat

slug 58 and Weesmsded to the printed circuit board 16. ThePGREs6G900mY

then be tested and filled with an encapsul ant (not shown) to encl ose the

circuit 12. Wil e certain exenplary enbodi nents have been descri bed
and shown in the acconpanying dramﬁngsﬁ/ t is to be understood that such
enbodi nents are nerely.illustrative of and not restrictive on the broad

i nvention, and that this invention not be linted to gﬁe specific
constructions and arrangenents ghown and descri bed,Si'hce vari ous ot her
nodi fications may occur to thoge ordi ly s in the art.
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What is clainmed is: 1. A ball grid array package for an integrated

cireuit, conprising:

a circuit board that has a | andi ng pad and

e i

an jnternal conductive plane that .is toupled to said | andj Btk
cireuit board further having a shelf and a bondi ng pad, WIM ﬁTSh g5k
I nternal conductive plane is connected t935_ai d bondi ng pag y a conductlv
strip that extends across an edge of said shelf; rqa )
attached to said ci rcuit boar d; and a sol der balljat acshed §

said | andi n
9 AR ED BESCRIPTION ORFHE INVENTION

Ci rcui

Referring to the drawings more particularly by reference numbers, Figures
1-3 show an integrated circuit package assembly 10 of the present invention.
The assembly 10 includes an integrated circuit 12 located within a package 14.
The integrated circuit 12 may be an electronic device such as a microprocessor.

~ Although a single integrated circuit 12 is shown and described, it is to be

understood that multiple integrated circuits, or other non-IC electronic devices
can be housed within the package 14 of the present invention.

The package assembly 10 contains a multi-layer printed circuit board 16.
The circuit board 16 has a number of conductive layers 18-28 separated by
dielectric layers 32-44. The conductive layers 20, 24 and 28 have inner bonding
pads 46 located within an inner cavity 48 of the package assembly 10. In the
preferred embodiment, the multi-layer printed circuit board is constructed from
four different conventional printed circuit boards that have conductive
lines/planes on one or both sides of a hard dielectric substrate (32, 36, 40 and
44). The substrate may be a glass filled epoxy or other conventional printed
circuit board material. The printed circuit boards are typically bonded together
with an adhesive such as a polyimide (34, 38, and 42). Constructing the
package 10 with conventional printed circuit board technology decreases the
cost of developing and producing the multi-layer package 48-14.

The conductive layers of the multi-layer printed circuit board 16 are
constructed to transmit both power and digital signals, wherein the digital signals
are typically carried by individual leads and power is supplied on conductive
planes. In the preferred embodiment, conductive layers 18 and 26 are dedicated
to ground (VSS), conductive layers 20 and 22_ provides power (VCC), and layers
24 and 28 carry digital signals. Each power layer can provide a different level of
power. For example, the conductive layer 20 can be coupled to a 5 V power
supply and conductive layer 22 can be coupled to a 3.3 V power supply. The
integrated circuit 12 can be wire bonded to one.or both power
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2. The package as recited in Cdaiml1, wherein said hea UBCERENT SHEET

electrically coupled to a second conductive pl ane. 3.

as recited in Caiml, further conprising a passive el ement

said circuit board. 4. The package as recited in d ai

said passive elenent is a capacitor nountgd to an external con

of said circuit board. 5. The package as recited in aiml,

wher ei n sai didyard20angd 22 depending Gsbri heJowertequirsrhems dfltﬁme: AR 6
A ball grid array package assenbly, npris circuit board

that has a | andi n§sshevania Figuient, ethﬁahonsimdmc?s 4@ age located on tiered shelves
of the package 4814. Some of the bonding pads 46 have additional strips 52

that wrap around the end of the dielectric material and are connected to an
adjacent underlying conductive layer 22 or 26. The wrap around feature
provides an interconnect between the bonding pads 46 and the conductive
planes 22 or 26 without using any vias.

Attached to the printed circuit board 16 is a heat slug 54. The heat slug
54 is preferably constructed from a material such as copper that is both thermally
and electrically conductive. The heat slug 54 may be mounted to conductive
layer 18 with an electrically and thermally conductive adhesive 30. Mounted to
the heat slug 54 is the integrated circuit 12. Ground pads located on the bottom
of the integrated circuit 12 can be electrically coupled to the heat slug 54. The
heat slug 54 provides a ground plane for the package and electrically couples
the circuit 12 to the circuit board 16. The heat siug 54 can thus provide the dual
functions of a ground plane and a thermal sink.

The integrated circuit 12 also contains outer surface pads (not shown)
that are coupled to corresponding inner bonding pads 46 by wires 56. The wires
56 can be attached to the circuit 12 and the bonding pads 46 by conventional
wire bonding techniques. After the integrated circuit 12 is bonded to the printed
circuit board 16 the inner cavity 48 is filled with an encapsulant 58 that encloses
the circuit 12. A solder mask 70 is applied to the outer surfaces of the package
to insulate the outer layers of the circuit board 16.

A passive element 62 such as a capacitor can be attached to the circuit
board 16. The capacitor 62 which is attached to the ground plane (18) is
connected to the power planes by plated through hole vias 64.

As shown in Fig 3, the bottom layer 44 of the circuit board 16 has a
plurality of solder balls 68 attached to a plurality of landed pads 70. The Iaﬁding
pads 70 are coupled to the integrated circuit 12 by the vias and routing of the
package 14. As shown in Fig. 1, the solder balls 68 are attached to a printed
circuit board 72.
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that is coupled to said |anding pad, said circuit board fur T

shelf and a bondi ng pad, Wnereig said internal conductive 1 "’—EENTaSHEET
connected to said bonding pad by a conductive strip that extgnds across an
edge of said shelf; _ a heat slug attached to said|c|rduRtSEHOS;

an integrated circuit nounted to said heag_slug;, and a sol der

ball attached to said | anding pad of said circuit board. '

-7 - 7. The package assenbly as recited in aimé6, twherejn said

i nt egr at ed '

Figures 5-7 show alternate landing pad 70, 70’ and 70" configurations. To
prevent shorting and environmental contamination, the solder resist 60 is
typically applied across the bottom surface of the package 14. Openings 72, 72’
and 72" are formed above the lands 74, 74’ and 74°, resbectively, to allow the
solder balls 68 to be attached thereto. The openings 72 can be made larger
than the land 74 as shown in Fig. 5 or smaller than the land 74" as shown in Fig.
7. The lands are connected to vias 76 that couple the solder balis 68 to the
internal routing of the package. -

To assemble a package assembly 10, the individual printed circuit boards
are bonded together by adhesive to create the multi-layer printed circuit board
16. The individual printed circuit boards can be bonded together using
conventional lamination techniques. Before the boards are bonded to together,
the conductive planes and traces are etched into a desired pattern to create
conductive layers 18-28. The heat slug is mounted to the top of the printed
circuit board 16 and the solder resist 60 is applied to the outer surfaces of the
circuit board.

After the multi-layer board 16 and heat slug 54 are assembled, the solder
balls 68 can be attached to the landing pads 70. The package is typically
shipped as a separate unit for subsequent usage with an integrated circuit 12.
The integrated circuit 12 is mounted to the heat slug 58 and wire bonded to the
printed circuit board 16. The package may then be tested and filled with an
encapsulant & (not shown) to enclose the circuit 12.

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 d(_escribed, since various other modifications may occur to those ordinarily
skilled in the art.
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circuit is electrically coupled to said heat slug. 8. The package

assenbly as recited in Caim6, wherein said heat slug is eliaehf} a,[T T
coupled to a second conductive plane. 9. The package R M X"kj SHEET
recited in Caim6, further conprising a passive el enent atta:hed to sai d
circuit board. 10. The package assgbly as recited in|ClaiGr265:F 1998
wherein said passive element is a capacitor mounted to_an ext¢rnal
conducélve pl ane of said circuit board. 11. The package|assenbly as
recited in I m 6, wherein said | andi edt said
conducti ve MVS E'stﬂalmegsl IH",IIH“I" "Iﬁ"ﬁl)"'ﬂll

1. A ball grid array package for an integrated circuit, comprising:

a circuit board that has a landing pad and an intemal conductive plane
that is coupled to said landing pad, said circuit board further having a shelf and a
bonding pad, wherein said internal conductive plane is connected to said
bonding pad by a conductive strip that extends across an edge of said shelf;

a heat slug attached to said circuit board; and

a solder ball attached to said landing pad of said circuit board.

2. The package as recited in Claim 1, wherein said heat slug is

electrically coupled to a second conductive plane.

3. The package as recited in Claim 1, further comprising a passive
element attached to said circuit board.

4. The package as recited in Claim 3, wherein said passive element is a

capacitor mounted to an external conductive plane of said circuit board.

5. The package as recited in Claim 1, wherein said landing pad is

coupled to said conductive plane by a via.

6. A ball grid array package assembly, comprising:

a circuit board that has a landing pad and an internal conductive plane
that is coupled to said landing pad, said circuit board further having a shelf and a
bonding pad, wherein said intemal conductive plane is connected to said
bonding pad by a conductive strip that extends across an edge of said shelf;

a heat slug attached to said circuit board;

an integrated circuit mounted to said heat slug; and

a solder ball attached to said landing pad of said circuit board.

P
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11. A printed circuit board assenbly, conprising:
board that has a—l—aﬂd+—ng—pad—arnd_ap, I nternal conductive pla EEMQ ﬁ

coupled to said | CI rcuit board further having a shelf and
a hondi ng pad vvhe "Iﬂﬁl conductive plane is connpeg¢t gg 2t SEIS 3598

bondi ng pad by a e t hat ex§end across an edg f said shelf;
a heat slug attached to said circuit board; an inte Ui
nounted to said heat sl ug; a sol der ball attached]to said |andi ng

HEET

d of id t d; ' t. b d .at hed
o sai d ool dér bal | THe Rackadarassenably as eStekbin Caim B itarein spniBitalsd
wher ei n sai dci}&}iﬁgre?é&ﬁcéilyrc‘bﬁbfed'tﬁ s%tdeﬁéétiéﬁiﬂ.' y coupled to said heat sI ug.

8. The package assembly as recited in Claim 6, wherein said heat slug is

electrically coupled to a second conductive plane.

9. The package assembly as recited in Claim 6, further comprising a
passive element attached to said circuit board.

10. The package assembly as recited in Claim 6, wherein said passive
element is a capacitor mounted to an external conductive plane of said circuit

board.

4241, A printed circuit board assembly, comprising:

a circuit board that has a landing pad and an_internal conductive plane
that is coupled to said landing pad, said circuit board further having a shelf and a
bonding pad wherein said intermnal conductive plane is connected to said bonding
pad by a conductive strip that extend across an edge of said shelf;

a heat slug attached to said circuit board;

an integrated circuit mounted to said heat slug;

a solder ball attached to said landing pad of said circuit board; and

a printed circuit board attached to said solder ball.

3312, The board assembly as recited in Claim 4241, wherein said integrated

circuit is electrically coupled to said heat slug.
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-8-  13. The board assenbly as recited in Claim12, wherein said heat

slug is electrically coupled to a second conductive plane

z Rt 4
board assenbly as recited in aim4 11 further conpri si ng Rb&é@ﬁ@? S}EETS
el enent attached to said circuit board. The board agsenbly as '

recited in d ai rnnml "m"“ﬂ "“I I“Id passi ve8 0 2 SEP 1998

4413. The board assembly as recited in Claim 4842, wherein said heat slug

is electrically coupled to a second conductive plane.

4614. The board assembly as recited in Claim 42 11, further comprising a
passive element attached to said circuit board.

4615. The board assembly as recited in Claim 4814, wherein said passive

element is a capacitor mounted to an external conductive plane of said circuit
board.

4#16. The board assembly as recited in Claim 4211, wherein said landing
pad is coupled to said conductive plane by a via.

i T
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el erafentﬁ’fs a. capacitor nmounted to an external conductive plane of salg fK

Cl cult

board 16 The board assenbly -asrecited in Caim

said landing pad is coupled to said conductiv % e\by a via.
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(57) Abstract

An integrated circuit package (10) which has intemnal bonding pads (46) that are located on bonding shelves and coupled to intemal
conductive power/ground planes (20, 24, 28) by conductive strips (52) that extend along the edges of the shelves. The edge strips eliminate
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