PLLASTI C BALL GRI D ARRAY PACKAGE / BACKGROUND OF THE PRESENT IBVE IFNK
Field of the Invention The present invention rel ates generg ‘yg%é
integrated circuit carriers and in particular to plastic ball aggafray
carriers and chip-scal e-packaging that is relatively |nsen3|t|v

del am nati on when subjected to a noisture sensitivity test connDnIy
referred to as a "popcorn test". . Descri ption of Related éi #
a conventional plastic ball grid array (PBG) package a silicon B33 %
nounted on a die pad of a nmultilayer orrganic substrate. The entire die
pad area of the substrate is coated with an adhesive which bonds the
silicon die to the substrate. Fractures created in the adhesive
material, or delamnation at the adhesive-substrate interface are the
nost commopn causes f f a failure is
very comon in the "po%@@ﬁ#%aiggiidagi? P§h§§r%§F§Pﬁ Q/gen5|t|V|ty test.
Conventi onal PBGA packages can only pass the Institute for |Interconnecting
and Packaging Electronic Crcuits (I1PC) and the Joint Election Device

BACKGROUND OF THE PRESENT INVENTION

Field of the Invention

The present invention relates generally to integrated
circuit carriers and in particular to plastic ball grid
array carriers and chip-scale-packaging that is relatively
insensitive to delamlnatlon when subjected to a moisture

sensitivity test commonly referred to as a "popcorn test".

Description of Related Art

In a conventional plastic ball grid array (PBGA)
package a silicon die is mounted on a die pad of a
multilayer organic substrate. The entire die pad area of
the substrate is coated with an adhesive which bonds the
silicon die to the substrate.

Fractures created in the adhesive material, or
delamination at the adhesive-substrate interface are the
most common causes of PBGA package failure; Such a
failure is very common in the '"popcorn" test which is a
moisture sensitivity test. Conventional PBGA packages can
only pass the Institute for Interconnecting and Packaging

Electronic Circuits (IPC) and the Joint Election Device



2 Engi neering Council (JEDEC) Level 3 Moisture Sensitivity Test. Sone
advanced PBGA packages can pass the Level 2 Mdisture Sensitivity Test, but .
the Level 1 Moisture Sensitivity Test renains extrenely chall enging.

The | PC/ JEDEC Moi sture Sensitivity Test (the popcorn test) has 3 |evels.
Level 3 Moisture Sensitivity requires that the PBGA package be subjected
to 30wC at 60% relative humdity for 192 hours, then cycled through
three | R convection heating cycles which follow specific

requi renents. Level 2 Misture Sensitivity requires that the PBGA package
be subjected to 85[err]C at 60%relative humdity for 168 hours and then
cycled through three IR convection heatiyg cycles. Level 1, which
is the highest level of noisture insensitivity, requires that the PBGA
package be subjected to 85[err]C at 85%relative humdity for 168 hours,
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Sensitivity Test remains extremely challenging.

The IPC/JEDEC Moisture Sensitivity Test (the popcorn
test) has 3 levels. Level 3 Moisture Sensitivity requires
that the PBGA package be subjected to 30™C at 60% relative
humidity for 192 hours, then c¢ycled through three
IR/convection heating cycles which follow specific
requirements. Level 2 Moisture Sensitivity requires that
the PBGA package be subjected to 85®C at 60% relative
humidity for 168 hours and then cycled through three
IR/convection heating cycles. Level 1, which is the
highest level of moisture insensitivity, requires that the
PBGA package be subjected to 85%®C at 85% relative humidity
for 168 hours, then subjected to three cy:cles of
IR/convection heating (See JEDEC document No. JESD22-Al112-

" A Moisture-Induced Stress Sensitivity for Plastic Surface
Mount Devices) .

Moisture inside a plastic PBGA package turns to steam
and expands rapidly when the package is exposed to the

high temperatures of VPR (vapor phase reflow), IR



(infrared) soldering, or, if the package is subnmerged in nolten sol der
wave sol deri ng. Under certain conditions, the pressure fromthe
expandi ng noi sture and steam can cause internal del am nation of the
plastic fromthe chip and/or substrate, internal cracks that do not extend
to the outside of the package, band danage, wi re necking, bond lifting,
thin filmcracking, or cratering beneath the bonds. |In the nost severe
case, the stress can result in external package cracks. This is comonly
referred to as the "popcorn” phenonmenon because the internal stress

causes the package to bulge and then crack with an audi ble "pop" sound.
Surface nount devices (SMD) such as PB packages are nore susceptible
to this problemthan through-hole parts because they are exposed to higher
tenperatures during reflow soldering. The reason for this is that the

sol dering operation st occur .on the sane side of the circuit board as
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cause internal delamination of the plastic from the chip
and/or substrate, internal cracks that do not extend to
the outside of the package, band damage, wire necking,
bond lifting, thin film cracking, or cratering beneath the
bonds. In the most severe case, the stress can result in
external package cracks. This is commonly referred to as
the ‘"popcorn" phenomenon because the internal stress
causes the package to bulge and then crack with an audible
"pop" sound. Surface mount devices (SMD) such as PBGA
packages are more susceptible to this problem than
through-hole parts because they are exposed to higher
temperatures during reflow soldering. The reason for this
is that the soldering operation must occur on the same
side of the circuit board as the surface mount device.

For through-hole devices, the soldering operation occurs
under the circuit board, which shields the through-hole
devices from the hot solder. Also generally, SMDs have a
smaller minimum plastic thickness from the chip or mount

pad interface to the outside of the plastic package.



4 Vari ous techni ques have been used to either limt the amount of
hum dity a PBGA package is subjected to between manufacturing of the
package and the tine of soldering to a printed circuit card. Techni ques
have al so been used to help the PBGA package to pass higher levels of the
popcorn test. To limt the anmount of noisture a PBGA package is
subjected to prior to soldering to a printed circuit board, PBGA packages
are packed and shipped in hernetic bags to prevent the absorption of

noi sture fromthe environnment. For PBGA packages that are not packed in
hernmeti c bags or that have been subjected to the environnent for sonetine,
it is an industry, standard to bake dry ,the packages before surface
nount i ng. The additional steps of either placing the PBGA packages in
hernmeti ¢ bags, or baking then1increases t he manufacturing cost of a device

or a product Anot her te hn hat has been used tQ |ncrease a PBGA
backage' s resi st antarigus 585 BBIAUPS; PAVE ReePpESRd: $O (Tiek el
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techni que for
a printed circuit card. Techniques have also been used to

help the PBGA package to pass higher levels of the.popéorn
test.

To limit the amount of moisture a PBGA package is
subjected to prior to soldering to a printed circuit
board, PBGA packages are packed and shipped in hermetic
bags to prevent the absorption of moisture £from the
environment. For PBGA packages that are not packed in
hermetic bags or that have been subjected to the
environment for sometime, it is an industry standard to
bake dry the packages before surface mounting. The
additional steps of either placing the PBGA packages in
hermetic bags, or baking them increases the manufacturing
cost of a device or a product.

Another technigque that has been used to increase a
PBGA package's resistance to a popcorn failure has been to
increase the adhesion strength between the PBGA substrate
and the die. One approach has been to formulate
encapsulating materials and die-attachment materials with

high adhesion strength. Still yet another technique for



5 further increasing adhesi on between, for exanple, the substrate and
the encapsulating material is to clean the PBGA package with a plasna
process before encapsulation, or to chemcally nodify the substrate
surface via graft co-polynerization. These techniques, which do increase
adhesion, all require extra steps and generally add additional production
costs. Anot her techni que that has been used to prevent popcorn
package cracking is to incorporate mnute through- holes in the substrate
in the area directly below the die- attach adhesive material and the chip.
The t hrough-holes provide a path for sone of the vaporizing noisture to
escape at sol der flow tenperatures thereb§ avoiding a pressure build-up
and potential popcorn cracking. rawback with this technique is
that the die may not be conpletely sealed from environnental
el ement s c% cqntam nants. . at |s needed is a
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or to chemically modify the substrate surface via graft

co-polymerization. These techniques, which do increase
adhesion, all require extra steps and generally add
additional production costs.

Another technique that has been used to prevent
popcorn package cracking is to incorporate minute through-
holes in the substrate in the area directly below the die-
attach adhesive matéfial and the chip. The through-holes
provide a path for some of the wvaporizing moisture to
escape at solder flow temperatures thereby avoiding a
pressure build-up and potential popcorn cracking. A
drawback with this technique is that the die may not be

completely sealed from environmental elements and

-

contaminants.

What is needed is a low or no-additional-cost method
and structure for providing a plastic BGA package that can
meet the IPC/JEDEC Level 1 Moisture Sensitivity Test. An
ideal structure or method should not add cost-increasing

steps or cost-increasing materials to the manufacture of



6 PBGA packages or assenbly of PBGA packages onto a circuit board.
SUWWARY. OF THE | NVENTI ON The present exenplary enbodi nents of the
present invention provide a plastic ball grid array (PBGA) package that
can pass the IPC, El A/JEDEC Level 1 Mdisture Sensitivity Test, comonly
referred to as the "popcorn test" by providing a PBGA package that

I ncorporates one or nore design features which (1) maxim ze the strong

i nterfacial contact between encapsul ant (nold conpound, glob top, etc.)
and the lam nate core (BT, FR4, etc.); (2) mnimze the weak interfacial
contact between encapsul ant (nold conpound, glob top, etc.) and netal
(gol d-pl ated copper); and (3) extend the(§older mask material to overlap
both the netal and | am nate core at the netal/lam nate core interface.
BRI EF DESCRI PTI ON OF THE DRAW NGS Vari ous objects and advant ages of

this invention wll econe apparent _and re readi]y appreciated fromthe
fol | owi ng des%$$$tPﬁﬁgﬁge?herpﬁéﬁﬁﬁh¥y f%§QQmP%&%%%? rgnto a circuit

board.

SUMMARY OF THE INVENTION

The present exemplary embodiments of the present
invention provide a plastic ball grid array (PBGA) package
that can pass the IPC, EIA/JEDEC Level 1 Moisture
Sensitivity Test, commonly referred to as the "popcorn
test" by providing a PBGA package that incorporates one or
more design features which (1) maximize the strong
interfacial contact between encapsulant (mold compound,
glob top, etc.) and the laminate core (BT, FR4, etc.); (2)
minimize the weak interfacial contact between encapsulant
(mold compound, glob top, etc.) and metal (gold-plated
copper); and (3) extend the solder mask material to
overlap both the metal and laminate core at the

metal/laminate core interface.

BRIEF DESCRIPTION OF THE DRAWINGS

Various objects and advantages of this invention will
become apparent and more readily appreciated from the

following description of the presently preferred exemplary



7 enbodi nents, taken in conjunction with the acconpanying draw ngs, of

whi ch: FIGURE 1 depicts a prior art PBGA package; FI GURE 2
depicts a side view of a prior art PBGA package; FIGURE 3 depicts a
side view of a prior art PBGA package having a die installed and a nold
conpound or encapsul ation material covering the die; FI GURE 4 and 4A

depi ct an exenpl ary PBGA package having a m nim zed power ring;

FI GURES 5 and 5A depict another exenplary PBGA package having a sol der
resistive material covering the power ring with bonding fingers exposed;

FI GURES 6 and 6A depi ct another exenplary PBGA package having a sol der
resistive material covering the power ring except for predeterm ned
wire bonding |ocations; FI GURES 7 and 7A depict an exenplary PBGA
package having a sol der nask over a die pad and havi ng bonding fingers
extending fromthe die FI GURES 8 and 8A depicts an exenpl ary PBGA
package havi§iP %f? m}@%e@ve?'nt FOTHRGTd et W8I £ad afcapanying

drawings, of which:

FIGURE 1 depicts a prior art PBGA package;

FIGURE 2 depicts a side view of a prior art PBGA
package;

FIGURE 3 depicts a side view of a prior art PBGA
package having a die installed and a mold compound or
encapsulation material covering the die;

FIGURE 4 and 4A depict an exemplary PBGA package
having a minimized power ring;

FIGURES 5 and 5A depict another exemplary PBGA
package having a solder resistive material covering the
power ring with bonding fingers exposed;

FIGURES 6 and 6A depict another exemplary PBGA
package. having a solder resistive material covering the
power ring except for predetermined wire bonding
locations;

FIGURES 7 and 7A depict an exemplary PBGA package
having a solder mask over a die pad and having bonding
fingers extending from the die pad;

FIGURES 8 and 8A depicts an exemplary PBGA package

having a solder mask over the ground metal/die pad with



8 t he exception of predeterm ning bonding |ocations on the periphery of
the die pad; FI GURES 9 and 9A depict an exenpl ary PBGA package having
chanfered corners on the periphery of the die pad and ground ring;

FI GURE 10 depicts an exenplary PBGA package with a chanfered ground ring
and a chanfered power ring with distributed bonding |ocations such that
the power ring is substantially positioned hal fway between the stitch bond
and the ground ring; and FI GURES 11 and 12 depict exenplary isonetric
views of exenplary layers of materials in a surface nountable package
wherein the sol der masking material overlaps the netal trace and the

| am nate core. DETAI LED DESCRI PTI ON OF THE PRESENTLY PREFERRED EXEMPLARY
EVMBODI MENTS The present invention vm|§ now be described nore fully
hereinafter with reference to the acconpanying draw ngs, in which

preferred enbadi nents of the jnvention are shgyn._ This invention may,
however, be entodFEFSPRiCRaIRF dPFPEPRAT™MIRING RRAAIRGUIPIRIE1IINS cBRstHfed

as limted té)e]g{l&leel[rltf)ogfn&%sdlseetpgé);rth herein; rather, these

FIGURES S and 9A depict an exemplary PBGA package
having chamfered corners on the periphery of the die pad
and ground ring;

FIGURE 10 depicts an exemplary PBGA package with a
chamfered ground ring and a chamfered power ring with
distributed bonding locations such that the power ring is
substantially positioned halfway between the stitch bond
and the ground ring; and

FIGURES 11 and 12 depict exemplary isometric views of
exemplary layers of materials in a surface mountable
package wherein the solder masking material overlaps the

metal trace and the laminate core.

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED
EXEMPLARY EMBODIMENTS

The present invention will now be described more
fully hereinafter with reference to the accompanying
drawings, in which preferred embodiments of the invention
are shown. This invention may, however, be embodied in
many different forms and should not be construed as

limited to the embodiments set forth herein; rather, these



enbodi nents are provided so that this disclosure will be thorough and
conplete, and will fully convey the scope of the invention to those
skilled in the art. Referring first to FIGURES 1, 2 and 3, wherein
conventional or prior art PBGA packages 10 are depicted. A conventional
PBGA package has a | am nate core/substrate 12. Substantially in the center
of the PBGA package 10 is a die pad 14 that is covered with a sol der nmask
16a. The die pad may be nade of copper or another conductive nmetal. The
sol der mask 16a covers the die pad 14 so that a continuous square
grounding portion (ground ring) 18 is exposed about the die pad 14. The
ground ring 18 may be gold plated. The exposed substrate 12b is exposed
in an area about and around the grounding portion 18. A

conti nuous square shaped power plane 20 extends about and around the

d ' 8 and th d b e 12b. _Th
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connected to gfoa; LELAE16hBo thoseFd @ {urineradepicts a die
i t hat

(integrated circuit) Is attached to the die pad 14 via a
di e-attach Referring first to FIGURES 1, 2 and 3, wherein

conventional or prior art PBGA packages 10 are depicted.
A conventional PBGA package has a laminate core/substrate
12. Substantially in the center of the PBGA package 10 is
a die pad 14 that is covered with a solder mask 16a. The
die pad may be made of copper or another conductive metal.
The solder mask 16a covers the die pad 14 so that a
continuous square grounding portion (ground ring) 18 is
exposed about the die pad 14. The ground ring 18 may be
gold plated. The exposed substrate 12b is exposed in an
area about and around the grounding portion 18. A
continuous square shaped power plane 20 extends about ahd
around the square ground portion 18 and the exposed
substrate 12b. The square power plane is on top of the
substrate 12a, but next to the exposed substrate 12b.
Solder mask 16b may be placed on top of the square power
portion 20 to create a continuous square power plane 20 to
which bond wifes can be connected to at a later time.
FIGURE 3 further depicts a die (integrated circuit)

22 that is attached to the die pad 14 via a die-attach



10 substance 24. The die attach substance may be an adhesive or polyner

conpound. A nol d conpound, encapsulant, or glob top 26 is installed
over the die 22, the square ground portion 20, the square power portion
20 the solder mask material 16 and the substrate 12. A dr awback of

t he PBGA package, depicted in FIGURES 1, 2 and 3, and shown particularly
in FIGURE 3, is that during the popcorn test or during sol der reflow of
the PBGA package del am nation occurs between the nold conpound 26 and the
ground portion 18 or between the nold conpound 26 and the power portion 20
or the die 22 and the die pad 14. The result of the delam nation is
package failure or the package crackinqt during solder reflow As
the tenperature rapidly increases inside the PBGA package and water
absorbed by the PBGA package rapidly turns to steam pressure causes the

del am nati on. Anot her reas the delam nation occurs is due_to the
weak bond est SBPFERBES Bérwed etﬂéeeﬁaézﬁsqm SPstRae etk urddeesiyet he

ground or pover. portions t|| not h reason t he del ani nati on occurs
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sol der reS|st
ground portion 20, the square power portion 20 the solder

mask material 16 and the substrate 12.

A drawback of the PBGA package, depicted in FIGURES
1, 2 and 3, and shown particularly in FIGURE 3, is that
during the popcorn test or during solder reflow of the
PBGA package delamination occurs between the mold compound
26 and the ground portion 18 or between the wmold compound
26 and the power portion 20 or the die 22 and the die pad
14. The result of the delamination is package failure or
the package cracking during solder reflow. As the
temperature rapidly increases inside the PBGA package and
water absorbed by the PBGA package rapidly turns to steam
pressure causes the delamination. Another reason, the
delamination occurs is due to the weak bond established
between the encapsulant. and the metal surface of the
ground or power portions.

Still another reason the delamination occurs is due
to the 1limited amount of area utilizing the strong
contact/bond between the encapsulant and the laminate core

or the encapsulant and the solder resistive material.

’



The present invention enables a PBGA package to pass the nost difficult,
Level 1, Moisture Sensitivity Test by incorporating one or several design
features into a PBGA package. The features discussed can be incorporated
into any PBGA package design whether wire bonding or flip-chip bonding
techni ques are used. The design features seek to naximze the strong
interfacial contact between the encapsulant (nold conmpound or "glob top")
and the lam nate core (BT, FR4, etc.). The design features further seek to
mnimze the amunt of weak interfacial between the encapsulant and
any netal traces such as the gold plated copper ground or power rings.
The exenplary design features further y al so increase the anmount of

sol der maski ng used by extending the solder nask to overlap the netal
traces and cover nore of the |am nate core. Referring now to FlI GURES

4, 4A, 5, b5A  6.,and_6A hese fi qures depict ex ar nbodi nents_of
t he present inveﬁFﬁ nprﬁﬁﬁ8h IGWEQFﬁfn(ﬁﬁéﬂ;ﬁﬁaatﬁgakiﬁﬁFﬁﬁpﬁoﬁo(ﬁass
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package. The features discussed can be incorporated into
any PBGA package design whether wire bonding or flip-chip
bonding techniques are used. The design features seek to
maximize the strong interfacial contact between the
encapsulant (mold compound or "glob top") and the laminate
core (BT, FR4, etc.). The design features further seek to
minimize the amount of weak interfacial between the
encapsulant and any metal traces such as the gold plated
copper ground Or power ringé. The exemplary design
features further may also increase the amount of solder
masking used by extending the solder mask to overlap the
metal traces and cover more of the laminate core.

Referring now to FIGURES 4, 4A, 5, 5A, 6 and 6A,
these figures depict exemplary embodiments of the present
invention which greatly decrease the initiation of
delamination fo the encapsulate from the power traces.

In particular, FIGURES 4 and 4A depict view and a
"zoom-in" view of an exemplary PBGA package 30 wherein the
power trace 32 is reduced and includes bond fingers 34.

The bond fingers 34 can take any reasonable shape,



12 rectangle, triangle, circle, or square so long as they are sufficient
for wre bonding. By nmaking the power trace 32 thin and mnim zing the
size of wire bonding |ocations the weak bond between the encapsul ate (not
shown) and the nmetal power trace 32 is mnimzed in favor of a
maxi m zation of the strong bond between the encapsulate and the |am nate
core 36. In FIGURE 5 and 5A a view and zoomin view of another

exenpl ary PBGA package 40 is depicted. Here the power trace is covered
wi th solder mask 42 and a bonding fingers 44 extend out fromthe power
trace toward the grounding trace 46. The bonding finger 44 is | arge enough
to bond a wire to it and can be any pracyhcal shape. The bondi ng finger
is on top of the | am nate 48. This configuration mnimzes the weaker
encapsul ate power trace interface to onIy the wire bonding | ocations 44.

ami nat o ang/ S emEiey S LAGEE [BLHEIE 308, ShRRRE o8"IORY eBEe Y e on
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weak bond between the encapsulate (not shown) and the
metal power trace 32 is minimized in favor of a
maximization of the strong bond between the encapsulate
and the laminate core 36.

In FIGURE 5 and 5A a view and zoom-in view of another
exemplary PBGA package 40 is depicted. Here the power
trace is covered with solder mask 42 and a bonding fingers
44 extend out from the power trace toward the grounding
trace 46. The bonding finger 44 is large enough to bond a
wire to it and can be any practical shape. The bonding
finger is on top of the laminate 48.

This configuration minimizes the weaker encapsulate
power trace interface to only the wire bonding locations
44 . Furthermore, this configuration maximizes a strong
encapsulate to laminate and/or encapsulate to solder
resist bonds.

FIGURES 6 and 6A depict another exemplary embodiment
of a PBGA package 50 wherein the entire power trace is
covered with solder resistant material 52 except for

predetermined wire bonding locations 54. The wire bonding



13 | ocations can be gold plated. This enbodi nent m nimzes the weak
netal to encapsul ate bond in favor of a stronger netal to solder nask to
encapsul at e bond. Now focusing on the die pad and ground trace, or
ground ring, the foll ow ng enbodi nents include features and el enents that
inhibit the delam nation of the ground traces. Referring to FIGURES 7 and
7A an exenplary PBGA package 60 is depicted wherein the die pad 62 is

substantially in the m ddl e of the package. The wire bonding fingers 66
and the die pad 62 are on top of the lamnate core 68. There are wire
bonding fingers 66 extending out fromthe die pad 64. The wire
bonding fingers 66 can be any usabl e shapg, but should be only as |arge

as necessary for wire bonding. Using this exenplary configuration the
strongly bonded area between the nold conpound (not shown here) and the

| am 68 im zed th /metal . interf 1S,
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Now focusing on the die pad and ground trace, or
ground ring, the following embodiments include features
and elements that inhibit the delamination of the ground
traces. Referring to FIGURES 7 and 7A an exemplary PBGA
package 60 1is depicted wherein the die pad 62 is
substantially in the wmiddle of the package. The wire
bonding fingers 66 and the die pad 62 are on top of the
laminate core 68. There are wire bonding fingers 66
extending out from the die pad 64. The wire bonding
fingers 66 can be any usable shape, but should be only as
large as necessary for wire bonding. Using this exemplary
configuration the strongly bonded area between the mold
compound (not shown here) and the laminate core 68 is
maximized and the compound/metal interface is minimized
thereby increasing the delamination strength of the PBGA
package 60.

FIGURES 8 and B8A depict another exemplary PBGA
package 70. In this configuration, the die pad 72 is
completely covered with solder mask except for

predetermined locations about the periphery of the die pad



14 72 thereby establishing wre bonding |ocations 74. By only allow ng
the wire bond | ocations 74 to cone in contact with the nold conpound the
weak bond established therebetween is mnimzed. The stronger bond between
the solder mask and the nold conpound is maxim zed thereby nmaking

del am nation of the die pad 72 (and ground plane) less likely.

FI GURES 9 and 9A depi ct anot her enbodi nent of an exenplary PBGA package 80
wherein die pad 82 has a chanfered or bevel ed edge 84. By chanfering the
edge nore |amnate surface 86 can be placed in direct contact with the

nol d conpound. Furthernore, by renmoving the 90[err] squared corner
of the die pad it has been determ ned the;,del am nation at the reduced
angled corners is less |ikely. FIGURE 10 depi cts anot her enbodi nent of

the present invention wherein a PBGA package 90 is designed to resist
del am nati on bst nti al entering.the power tr ce 92 betyeen t
stitch bond 9 a% Yqi &° %%Efl g fge Sﬁ%ﬁ?éﬂgl 9§ﬁﬁQﬁ§n§&0f pgﬂk
trace 92 bet t LG nd an 6 b ant ly .
equal i zes th n?g'CRh'éE %% hgggﬁcaggéﬁ ?ggc%nﬁgﬁn t#é% in
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therebetween is minimized. The stronger bond between the
solder mask and the mold compound is maximized thereby
making delamination of the die pad 72 (and ground plane)
less likely.

FIGURES 9 and 9A depict another ‘embodiment of an
exemplary PBGA package 80 wherein die pad 82 has a
chamfered or beveled edge 84. By chamfering the edge more
laminate surface 86 can be placed in direct contact with
the mold compound. Furthermore, by removing the 90™®
squared corner of the die pad it has been determined the
delamination at the reduced angled corners is less likely.

FIGURE 10 depicts another embodiment of the present
invention wherein a PBGA package 90 is designed to resist
delamination by substantially centering the power.trace 92
between the stitch bond 94 and the die pad 9s6. The
substantial centering of power trace 92 between the stitch
bond 94 and the die pad 96 substantially equalizes the
contact area of the encapsulate/mold compound with the

laminate core surface 98 on either side of the power trace



15 92. This configuration increases the strength of the PBGA package and
further inhibits delam nation. Further, FIGURE 10 depicts the . power
trace 92 to be very thin with a plurality of wire bonding |ocations. The
geonetry of the power trace is also chanfered to renmove sharp corners from
the trace because of a sharp corner's tendency to del am nate under stress.
FI GURES 11 and 12 depict isonetric views of portions of tw exenplary PBGA
packages. In particular, FIGJRES 11 and 12 depict how sol der nask nateri al
100 can be extended over the edge of a copper trace 102 (power or ground)
in order to create a wire bonding finger 104, and to extend and overlap a

portion of the |am nate core. Thus, th sol der mask 100" covers all of
the top side and edge of the copper trace except were the wire bondi ng
finger is established. A sol der mask to |am nate core bond is

t th | d k to cf bond. tending t | der
ek 300 ont 0% e T VL LGRS T pIRCERAAIR IS LERRGFE PP GIEI PP her
hol d th t in Dol d.furth duce .the risk of

del ani nat i on FIRARE ABiShi A PRze PIGHTS ARETTEEEIER. (67 Sol der

mask-to-lam nate Fd%gﬁérjr%fﬁﬁﬁﬁelo depicts the power trace 92 to be

very thin with a plurality of wire bonding locations. The
geometry of the power trace is also chamfered to remove
sharp corners from the trace because of a sharp corner's
tendency to delaminate under stress.

FIGURES 11 and 12 depict isometric views of portions
of two exemplary PBGA packages. In particular, FIGURES 11
and 12 depict how solder mask material 100 can be extended
over the edge of a copper trace 102 (power or ground) in
order to create a wire bonding finger 104, and to extend
and overlap a portion of the laminate core. Thus, the
solder mask 100' covers all of the top side and edge of
the copper trace except were the wire bonding finger is
established.

A solder mask to laminate core bond is stronger than
a solder mask to copper bond. By extending the solder
mask 100 onto the laminate core in this overlapping manner
it will further hold the copper trace in place and further
reduce the risk of a delamination of the copper trace
along the copper to solder mask-to-laminate core

interface.



16 Vari ous advantages are acconplished by one or nore conbinations
of the above exenpl ary enbodi nents of a PBGA package. First, the
exenplary enbodinments require a mninmal inexpensive design change to
the standard/prior art PBGA packages. Furthernore, the present
assenbly process used to manufacture a PBGA package can still be enployed
to produce a PBGA package with a high level of reliability. It is
believed that no additional cost is added to the manufacture of
exenplary PBGA packages because no new materials or special steps are
required above and beyond those of the standard PBGA package shown in

FIGURE 1. - The exenplary PBGA pacﬁgges provi de enhanced
reliability performance by being able to pass the Level 1 Moisture
Sensitivity Test. Thus, |ess stringent requirenents for shipping

and packagi ng the PBGA packages are required of _g facturer utilizing

the exenpl ary PBARHLRRSgEAVantRgeser 7kt @%&W&@%ﬁuigyréﬁﬁ reqg fepre
ShyBrent s and g BAERREYLR0 SLORDAIE CANESY PLuBial fenk Sl b8, AR
board designgpéékgggyced @ffgt,Fwéﬁg eggﬁmﬂﬂﬁgﬁg%%bodiments require a
minimal inexpensive design change to the standard/prior
art PBGA packages. Furthermore, the present assembly
process used to manufacture a PBGA package can still be
employed to produce a PBGA package with a high level of
reliability. It is believed that no additional cost is
added to the manufacture of exemplary PBGA packages
because no new materials or special steps are required
above and beyond those of the standard PBGA package shown
in FIGURE 1.
The exemplary PBGA packages provide enhanced
reliability performance by being able to pass the Level 1
Moisture Sensitivity  Test. Thus, less stringent
requirements for shipping and packaging the PBGA packages
are required of a manufacturer utilizing the exemplary
PBGA packages. No hermetic packaging is required for
shipments and no extra drying steps are required prior to
reflow soldering. Thus, the cost of using the exemplary
PBGA packages in -circuit board designs is reduced over

prior PBGA packages.



17 The exenpl ary PBGA package enbodi nents enhance the package
integrity of the overall PBGA package, and in particular enable the PBGA
package to pass the |PC/JEDEC Level 1 Mdisture Sensitivity Test.

This adds the follow ng advantages. Under the JEDEC and the I PC, when a
package passes the Level 1 Misture Sensitivity Test it is said to have an
infinite production floor life and, thus, does not have to be stored
in special low humdity conditions or used in a solder reflow process
withina limted amount of time. Furthernore, there is a very low to
negligible risk of the PBGA package failing by "popcorn"” package cracking.
The exenpl ary PBGA packages don't need tx be kept in hernetic containers
or to be pre- baked before a surface nou ?ing process. Al'l of these
enhancenents result in a | owered manufacturing cost to the nmanufacturer of

surface nounted conponents qQn circuit boards. Al t hough vari ous
preferred  enbodi Tt $XeBPlage PREeMAGRITavEMBRdAMSRERN SRR’ crhhsed,

Lol b aRpeche sq by thope gkt L ed L0 LhG ackchabochandes gy b

Spirit of the [IVenii en. hlig: SCURE YPackbSkhSe 5k Nehile ARDASEL
Level 1 Moisture Sensitivity Test. This adds the
following advantages. Under the JEDEC and the IPC, when a
package passes the Level 1 Moisture Sensitivity Test it is
said to have an infinite production floor life and, thus,
does not have to be stored in special 1low humidity
conditions or used in a solder reflow process within a
limited amount of time. Furthermore, there is a very low
to negligible risk of the PBGA package failing by
"popcorn" package cracking. The exemplary PBGA packages
don't need to be kept in hermetic containers or to be pre-
baked before a surface mounting process. All of these
enhancements result in a lowered manufacturing cost to the
manufacturer of surface mounted components on circuit
boards.

Although various preferred embodiments of the
invention have been shown and described, it will be
appreciated by those skilled in the art that changes may
be made to these embodiments without departing from the .
principles and the spirit of the invention, the scope of

which is defined in the appended claims.



18 VWHAT IS CLAI MED | S: 1. An integrated circuit package

conpri si ng: a lam nate core having a top surface and -a bottom
surface; a die pad positioned on said top surface of said

| am nate, said die pad being covered with a first solder resistant

mat eri al exeept—for—at—teast one predeterm ned |[|ocation about the

perineter of id at |east are predeterm ned | ocation
providing a ﬂﬂi\ ‘Miwmg“‘ “Eat i on; a conductive trace on top of
said | am nat c L sconduct i ve trace bei ng conpletely about said die
pad, said conductive trace being covered with a second sol der resistant
mat eri al except for at | east one predetergpned wre bonding |ocation on
sai d conductive trace; an encapsul ati on conpound on top of said

die pad, said |am nation core sai d conductive trace, said first solder

resi stant mat cond solder resistant material; said

encapsul ant &@@%ﬁdﬁ% €g§ﬁ€E tontact with said netal bonding |ocation at

said at |east one predetern1ned | ocation, said encapsul ant conpound being

in contact with sald cohdutrtegrated ecndyiatpackabe atomeabsinge

predetern1ned mre bondlrma;éfﬁgéé”Lcore having a top surface and -a
bottom surface;

a die pad positioned on said top surface of said
laminate, said die pad being covered with a first solder
resistant material except for at least one predetermined
location about the perimeter of said die pad, said at
least are predetermined location providing a metal bonding
location;

a conductive trace on top of said laminate core,
said conductive trace being completely about said die pad,
said conductive trace being covered with a second solder
resistant material except for at least one predetermined
wire bonding location on said conductive trace;

an encapsulation compound on top' of said die
pad, said lamination core, said conductive traée, said
first solder resistant material, and said second solder
resistant material; salid encapsulant compound being in
contact with said metal bonding locatién at said at least
one predetermined location, said encapsulant compound

being in contact with said conductive trace only at said

at least one predetermined wire bonding location.



19 2. The integrated circuit package of <claim 1, wherein
said at .| east one wire bonding |ocation, is as small as necessary for a
wi re bondi ng application. 3. The integrated circuit package of
claim 1, wherein said conductive trace includes at |east one wire
bondi ng finger extending from said conductive trace and being on top of
said lam nate c [ solder resistant material covering said
conducti ve tracmﬂmmm“mmml | east one wire bonding finger, said at

| east one wire Bonfliing M nder *bei ng said at | east one wi re bondi ng

| ocati on. 4. The integrated circuit package of claim1l, wherein
said at | east one predeterm ned | ocation §$out said perineter of said die
pad is a ground wire bonding |location that extends outward fromthe
perimeter of said die pad. 5. The integrated circuit of claima1l,
wherein said first solder resistant material overlaps said die pad and
further

2. The integrated circuit package of claim 1,
wherein said at least one wire bonding location. is as

small as necessary for a wire bonding application.

3. The integrated circuit package of claim 1,
wherein said conductive trace includes at least one wire
bonding finger extending from said conductive trace and
being on top of said laminate core; said second solder
resistant material covering said conductive trace except
said at least one wire bonding finger, said at least one
wire bonding finger being said at least one wire bonding

location.

4.. The integrated circuit package of claim 1,
wherein said at least one predetermined location about
said perimeter of said die pad is a ground wire bonding
location that extends outward from the perimeter of said

die pad.

5. The
integrated circuit of claim 1, wherein said first solder

resistant material overlaps said die pad and further



20 covers a portion of said |lam nate core about said die pad.
The integrated circuit of claiml, wherein said second sol der resistant

mat eri al

overl aps said conductive trace and covers a portion of said

| am nat e core about said conductive trace. 7. The integrated

circuit of cla

all corners are

portion on top o

conductive trace; sald conductive trace being spaced substantially an
equal distance between said stitch bond rtion and said die pad.
9. Aplastic ball grid array package adapted to pass a JEDEC Level 1

Moi sture Sensitivity Test by mnimzing contact between a nold conpound
met al

and al |

covers a portion of said laminate core about said die

pad.

6. The integrated circuit of claim 1, wherein said
second solder resistant material overlaps said conductive
trace and covers a portion of said laminate core about

said conductive trace.

7. The integrated circuit of claim 1, wherein said
die pad has chamfered corners such that all corners are

made of angles that are greater than 90 degrees.

8. The integrated c¢ircuit of «c¢laim 1, further
comprising a stitch bond portion on top of said laminate
and about, but not in contact with, said conductive trace;
said conductive trace being spaced substantially an equal
distance between said stitch bond portion and said die

pad.

9. A plastic ball grid array package adapted to
pass a JEDEC Level 1 Moisture Sensitivity Test by
minimizing contact between a mold compound and all metal

traces, and by maximizing contact between said wmold

14

ein said die pad has chanfered corners such that

\1ﬁl hat are greater than 90 degrees.
The integrat ed ““H“‘ im 1, further conprising a stitch bond

am nd&t e* and about, but not in contact with, said

6.

8.



traces, and by naxim zing contact between said nold

21 conpound and at |east one of a lamnate core and a solder resistant
material; said plastic ball grid array package conprising: a

| am nate core . having - top surface and a bottom surface;

a die pad on toﬁlllﬂlﬁmmﬁmmw ace of said lamnate core, said die pad
having a first s i &4l | ayer on top of said die pad such that a

pr edet er mi ned porTi&n,Lab5utsthe perimeter of said die pad, can be used as

a first set of wire bonding |ocations; a conductive trace on top
of said lam nate core, spaced fromthe perineter of said die pad and
extendi ng about said die pad; said cond I ve trace conprising a second

set of wire bonding locations in the formof bonding.fingers, said bonding
fingers being mnimzed to a size just |arge enough for a wire bonding
procedure. 10, The plastic ball grid array package of claim9,

wher ei n said99mﬂﬁﬁﬂﬂ\Rqugiefﬁ%§ta°§%c fid 3s iR te UG AL 0B e FPAEET

except on Sa?%é%%(g%%Eﬁatéiia.{esaggmgfg§é£§aééffsgrid array package
comprising: | . |

a laminate core having a top surface and a
bottom surface;

a die pad on top of said top surface of said
laminate core, said die pad having a first solder
resistive layer on top of said die pad such that a
predetermined portion, about the perimeter of said die
pad, can be used as a first set of wire bonding locations;

a conductive trace on top of said laminate core,
spaced from the perimeter of said die pad and extending
about said die pad; said conductive trace comprising a
second set of wire bonding 1locations in the form of
bonding .fingers, said bonding fingers being minimized to a

size just large enough for a wire bonding procedure.

10. The plastic ball grid array package of claim 9,
wherein said conductive trace has a second solder
resistive covering except on said second set of wire

bonding locations.



22 11. The plastic ball grid array package of claim9, wherein said
second set of wire boding |locations extend fromsaid conductive trace and

are on top of said'Tan+ﬁaLe“gng\TrrS{ 12. The plastic ball grid array
package of claim?9 i n sal set of wire bonding locations is a
conti nuous conductiv ’m peri meter of said die pad.

13. The plastic ball ge of claim9, wherein said first set
of wire bonding Iocatlons I's %Iurallty of discrete wire bonding

| ocati ons about the perlneter of said die pad. 14. The plastic
ball grid array package of claim9, wherein said first set of wire bonding
| ocations conprises a plurality of wre ?ondlng fingers extending
outwardly fromsaid die pad on top of sal"d | am nate core. 15. The
plastic ball grid array package of claim9, wherein said die pad conprises

chant er ed Cornersil. The plastic ball grid array package of claim 9,

wherein said second set of wire boding locations extend
from said conductive trace and are on top of said laminate

core.

12. The plastic ball grid array package of claim 9,
wherein said first set of wire bonding locations is a
continuous conductive area about the perimeter of said die

pad.

13. The plastic ball grid array package of claim 9,
wherein said first set of wire bonding locations is a
plurality of discrete wire bonding locations about the

perimeter of said die pad.

14. The plastic ball grid array package of claim 9,
wherein said first set of wire bonding locations comprises
a plurality of wire bonding fingers extending outwardly

from said die pad on top of said laminate core.

15. The plastic ball grid array package of claim 9,

wherein said die pad comprises chamfered corners.



16. The plastic ball grid array package of claim9, further conprising a
stitch bond portion on top of said |amnate core and outside the perineter

of said conductive trace, sai d conductive trace bei ng
positioned substantially hal fway between said stitch bond portion and
sai d di e pad. 17. The plastic ball grid array package of claim?9,

wherein said first solder resistive |ayer overlaps the edge of said die

pad and covers'frfmﬁ++eﬂ—gi_saLd_Lan1nate core at predeterm ned | ocations

al ong the peri di e pad. 18. The plastic ball grid
array package: of El"ﬂ&l"j!’”ﬂ i nsai d second sol der resistive covering
overl aps the ctlve trage, except in predeterm ned

| ocati ons, and covers a portlon of said |lam nate core that is next to said

conductive trace.
16. The plastic ball grid array package of claim 9,

further comprising a stitch bond portion on top of said
laminate core and outside the perimeter of said conductive
trace, said conductive trace being positioned
substantially halfway between said stitch bond portion and

said die pad.

17. The plastic ball grid array package of claim 9,
wherein said first solder resistive layer overlaps the
edge of said die pad and covers a portion of said laminate
core at predetermined locations along the perimeter of

said die pad.

18. The plastic ball grid array package of élaim 10,
wherein said second solder resistive covering overlaps the
edges of said conductive trace, except in predetermined
locations, and covers a portion of said laminate core that

is next to said conductive trace.



