1 ' PLASTI C PACKAG NG FOR A SURFACE MOUNTED ' I
| NTEGRATED CI RCUI T  TECHNI CAL FI ELD OF THE | NVENTI ON QNESL-

. ;
L

I T

PLASTIC PACKAGING FOR A SURFACE MOUNTED
INTEGRATED CIRCULT

TECHNICAL FIELD OF THE INVENTION

This invention relates generally to packaging for
electronic circuits and more particularly to plastic packaging
of surfacé mounted integrated circuit packages such as ball
grid arrays.

BACKGROUND OF THE INVENTION
_ Surface mounted integrated circuit packages are becoming
increaéingly populaf in the semiconductor industry especially
for VLSI circuits requiring a large number of terminals. Some
popular surface mount technologiés. include J-form, gull-wing,
or area array éonfigurations.' The area array technologies
normally comprise a packaged integrated circuit connected to a
number of terminals protruding from the bottom of the
integrated circuit package. These terminals can be pins,
nearly spherical-shaped balls and/ox column-type structures
made from solder. These area array_technologles, however, are
expensive compared to other surface mount technologies.

Array surface mount technologies normally employ either
ceramic materials or laminated printed circuit boaxrd
‘materials.  Metal lines and via holes transfer electrical
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This invention rel ates generally to packaging for electronic circuits and

nmore particularly to plastic. packaging of surface nounted integrated

circuit packages such as ball grid arrays. BACKGROUND OF "THE .I NVENTI ON

Surface nounted integrated circuit packages are becomi ng increasingly

popul ar in the sem conductor industry especially for VLSI circuits
requiring a large nunber of term nals. Sonme popul ar surface nount
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difficult to design, more difficult to manufacture, and more
costly than other surface mount technologies.

Other surface mount technologies for integrated circuit
packages include'dies attached to a lead frame enclosed by a

.plastic package and utilizing J-form or gull wing leadg as

terminals protruding from'the perimeter of the package.
Although less expensive and easier to manufacture than common
area area array packages, integrated circuit packages using J-
form and gull wing leads also suffer from several '
disadvantages. First, for a given surface area of the
integrated circult package, an afea‘array integrated circuit
package can have more terminals than J-form or gull wing
integrated circuit ‘packages.

Second, as manufacturers have increased the number of
leads in integrated circuit packages employing J-form and gull
wing-type leads, those leads have become closer together and
have been constructed of thinner and narrower metal. Such

construction leads to two problems. .The leads are more easily .

damaged if the integrated circuit package is improperly
handled or dropped. Also, the closeness of the leads

increases the difficulty Qf soldering such an integrated

circuit package to a circuit board.

include J-form gull-wingz or area array configurations.
area array technologies nornmally conprise a packaged integrated circuit

The



materials. Metal lines and via holes transfer electrical

2 contacts internal to the package and all ow connection of each of the
termnals to the integrated circuit die. Thus, packaging for area array
surface nount technol ogies often includes nmultiple layers. Miltiple |ayer
packages are nore difficult to design, nore difficult to manufacture, and

nore costly than ot her surface nount technol ogi es. Qt her surface nount
technol ogies for integrated circuit 3
SUMMARY OF THE INVENTION

This invention allows plastic packaging of integrated
circuits using area array surface mount technologies, thus
reducing the cost and difficulty of manufacturing integrated
circuits packaged using area array technologies. One aspect
of the invention is an integrated circuit package having an

" electronic circuit enclosed in a molded plastic body. The
molded plastic body has a first major surface opposing a
second major surface. Conductive pads are positioned adjacent
to openings in the first major surface and are electrically
connected to the electronic circuit. A conductor is
electrically connected to at least one of the pads and
protrudes from one of the openings.

The invention has several important technical advantages.

First, the invention allows existing plastic packaging
techniques to be used with atea array surface mount
technologies. By taking advantage of existing transfer
molding technology with proven reliability and ease of
manufacturability, the benefits of area array technologies can
be exploited without the disadvantages of existing ceramic or
laminated PCB packaging options. One embodiment of the
invention may eliminate the need for alignment fixtures to
-place preforms or balis during the ball attach process.
Integrated circuits that are packaged using the invention will
have a lower cost and will be easier to manufacture than
existing area array surface mount integrated circuit packages.

~ The invention can be used with integrated circuit
packages currently having J-form or gull wing-type leads.
When the invention is used in this way, the footprint of the
resulting area array plastic packaged integrated circuit can
be either reduced or remain the same size as the existing



packages include dies attached to a |lead frane enclosed by a plastic
package and utilizing J-formor gull wing |eads as term nals protruding

- fromthe perinmeter of the package. Although |ess expensive and easier to
manuf acture than common area area array packages, integrated circuit
packages using J- formand gull wi ng | eads also suffer fromsevera

di sadvantages. First, for a given surface area of the integrated circuit
package, an area array integrated circuity package can have nore termnals
than J-formor gull wing integrated circuit packages. Second, as
manuf acturers have increased the nunber of leads in integrated circuit :
packages eimptegrated) clvewitapackage. wilngaddiptidmaddie shvecleashds have becone

cl'oser togg ii@éméi&dcbgiﬁ ﬁ@%&iﬁ%&f%fd‘e%f@h% tdl Ry 8Rdsd fagwer netal .

Such constiuction | ea I ads re re easily damaged
i f the intBFegrared watpm!ssse %e%ﬁn&ym gamgf ’Eﬁd&ﬁgga Al so,

t he cl osenwesk in tthe képdeit toacdses wHirhdthéimew tareal agphylarimegiguch an
i ntegrat edigi £& Lﬁé n&%&ga? t'ﬁ:i% %.if Lgfiogtom“fa‘cturers of electronic
appliances to capita.l:l’.ze'.on the durability and mounting
advantages 6f ‘the invention without having to significantly
redesign the circuit boards for an existing electronic
applianee.
The balls, pins, or columns in the invention can be
attached to portions of a lead frame enclosed within a plastic
package. The ends of the leads on the lead frame can protrude
from openings on the sides of the plastic package, thus
allowihg easy board level electrical testing.



3 SUMVARY OF THE | NVENTI ON This invention allows plastic packagi ng of
integrated circuits using area array surface nount technol ogi es, thus
‘reducing the cost and difficulty of manufacturing integrated circuits
packaged using area array technol ogi es. one aspect of the invention is an
integrated circuit package having an electronic circuiit enclosed in. a

nmol ded pl astic body. The nol ded plastic body has a first major surface
opposi ng a second maj or surface. Conducti ve pads are positioned adjacent to
openings in the first major surface and are electrically connected to the

eIectroni§§§EFQQ§§CRI¥Tﬁ§md0wtmﬂzlnanxNGsw cally connected to at Ieast one

of the pads anflor a more complete understanding of the present
invention and the advantages thereof, reference is now made to
the following descriptions taken in conjunction with the
accompanying drawings, in which:

" FIGURE 1 illustrates a bottom view of a first embodiment
of an integrated circuit package constructed in accordance
with the invention;

FIGURE 2 illustrates a cross-sectional view of the
integrated circuit package of FIGURE 1;

FIGURE 3 illustrates a second embodiment of an 1ntegrated
circuit package constructed in accordance with the invention;

PIGURE 4 illustrates a cross-sectional view of the
integrated circuit package of FIGURE 3.



" protrudes fromone of the openings. The invention has several

I nportant techni cal advantages. First, the invention allows existing

pl asti c packaging techniques to be used with area array surface nount
technol ogi es. By taking advantage of existing transfer nolding technol ogy
with proven reliability and ease of manufacturability, the benefits of
area array technol ogies can be exploited w thout the di sadvantages of
existing ceramic or |am nated PCB_pack%ging options. One enbodi ment of the

invention Aﬁ! B Ehh nt fixtures to place preforns

or balls tegrated circuits that are
packaged usi ng Thee pragernad emhp enttapé the mresenssinventisn pngeitssier to
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PACKAGES. o drswion 1l Samcanrs pelicofed b GHRaLSE Ol Ut packages
used in thcerxngponﬁ&agfp:tqn'nﬁtthé vduiouseéxﬂwinng-area array plastic
packaged i nt egrifRMeC' £iiUstzales P8 AirdRebmbSditcat 8F &t Hiveghlgedane size
as the’ exi Sg. 191!: package 10 constructed in accordance w:l_.th the
invention. Integrated circuit package 10 comprises package
bottom 12, package top 14, lead fingers 16, pads 18 and solder
balls 20. Package bottom 12 and package top 14 enclose an
integrated circuit die (not explicitly showm). l’a_cka.ge bottom
12 and'pqckage_tcp 14 are plastic and can be manufactured
using transfer molding technology. FIGURE 1 is a bottom view
of integrated circuit package 10, and it shows the bottom
surface of package top 14.
Solder balls 20 serve as the termmals for :.ntegrated
circuit package 10. The solder balls 20 are connected to pads
18. Pads 18 are conductive, c:.rc_:u],ar in shape, and have a
diameter approximately the same as the diameter of one of the
solder balls 20. Each of the pads 18 is also connected to one
of the lead fingers 16. Eacfx of the lead fingers 16 is a
portion of a lead frame (not explicitly shown) connected to
the integrated circuit die (not explicitly shown). Although
the pads 18 are connected to the lead fingers 16 in this _
example, they may be an integral part of the lead fingers 16.
The lead frame, which is comprised of lead fingers 16,is
of the type commonly used for plastic packaged integrated
circuits. Thus, given a particular integrated circuit die,
the same lead frame previously used in a gull-wing or J-form
type circuit can also be used for that die in integrated
circp.it package 10, except that the lead fingers 16 should be




4 integrated circuit package. In addition, the sane |ead placenent could
be mai ntai ned so that"the user of such an integrated circuit package need
only -perform m ni mal redesign work on the circuit board to which the new
area array circuit is to be mounted. This will allow manufacturers of

el ectronic appliances to capitalize on the durability and mounting

advant ages of the invention w thout haang to significantly redesign the -

circuit boards for an existing el ectroni‘c appliance.

altered such that pads 18 are an integral portion thereof or
allow pads 18 to be attached. The invention thus allows lead
frames presently used for integrated circuits to be quickly
modified for use in integrated circuit package 10.

In this embodiment, package bottom 12 is smaller than

package top 14. Each of the lead fingers 16 comprises a

- conductive strip electrically connected to the integrated
circuit die. Because package bottom 12 does not cover the
perimeter of integrated circuit package 10, the portion of
each lead finger 16 visible in FIGURE 1 is exposed.

FIGURE 2 iliustfates a cross-sectional view facing in the
direction of the arrows labeled “2” in FIGURE 1. - This cross-
sectional view illustrates how each of the lead fingers 16 can
be excised and wrapped around package top 14. This )
configuration helps keep each of the lead fingers 16 in place
and prevents thém from separating and peeling away from the
underside of package top 14. The ends of lead fingers 16 bend
around the side of package top 14 and substantially conform to
its shape. This feature of the invention allows easier
component level and subsequent board level electrical testing.

Conductors for test connectors can be directly connected to
the portion of the lead fingers 16 that bends around the side
of package top 14.

The embodiment of integrated circuit package 10
illustrated in FIGURE 1 may be especially useful in
applications where one desires to convert an integrated
circuit currently having J-form or gull wing-type leads into a
plastic packaged area array integrated circuit. Using the
embodiment illustrated in FIGURE 1, the lead fingers 16 can
have the same spacing as préviously used in the J-form or gull
wing package. Rather than extending the lead fingers 16 out



The balls. pins, or colums in the invention can be attached to portions of
a lead frane enclosed wthin a plastic package. The ends of the | eads on
the |l ead frame can protrude from openings on the sides of the plastic
- pactkage, thus allow ng easy board | evel electrical testing.

5 BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conpl ete understandi ng

of _the present invention and the advant &yes thereof, reference is now made
to

the side of integrated circuit package 10 to make J-form or

- gull wing leads, pads 18 are connected to the lead fingers 16
to allow attachment of solder balls 20. Then, an electronic
appliance manufacturer that seeks to use integrated circuit
package 10 in an electronic appliance can make small
modifications to the pad placement that was used for the J-
form or gull wing version of the integrated cirxcuit package in
order to allow use of integrated circuit package 10. Thus,
the invention allows users of integrated circuit package 10 to
easily convert circuit boards used with existing J-form or
gull wing plastic packaged integrated circuits into boards
that can ke used with area array plastic packaged integrated
circuits such as integrated circuit package 10. Similar _

 advantages can be obtained with the embodiment of integrated
circuit package 10 illustrated in FIGURES 3 and 4 below.

FIGURE 3 illustrates a second embodiment of integrated
circuit package 10 constructed in accordance with ﬁhe
invention. In this embodiment, however, package bottom 12 has
a perimeter substantially the same as the perimeter of package
top 14 (not shown in FIGURE 3). In this embodiment, package
bottom 12 has.a plurality of openings 22 from which the solder
balls 20 protrude. Openings 22 ekpose a substantially smaller

- portion of lead fingers 16 than is exposed in the embodiment '
illustrated in FIGURE 1. : :

This embodiment of integrated circuit package 10 also has
an integrated circuit die (not explicitly shown) that
comprises some type of electronic circuit. Package bottom 12
and package top 14 (not explicitly shown in FIGURE 3) form a
molded plastic body enclosing the electronic circuit. This
plastic body has top and bottom surfaces opposing one another



the follow ng descriptions taken in conjunction with the acconpanyi ng

drawi ngs, in which: .FIGURE 1 illustrates a bottomview of a first
enbodi ment of an integrated circuit package constructed in accordance with
t he*inventi on; FIGURE 2 illustrates a cross-sectional view of the
integrated circuit package of FI GURE 1; - FIGURE 3 illustrates a second
enbodi nent of an integrated circuit packgge constructed in accordance wth
t he i nventi on; FIGURE 4 illustrates a cross-sectional view of the

I Nt egr at edeat cEorm ek agdonfsktfadels 3f the package of integrated
circuit package 10. _

Each of the solder balls 20 is electrically connected to
one of the pads 18. As with the embodiment illustrated in
FIGURE 1, pads 18 may be bonded to lead fingers 16 or may form
an integral portion thereof. Each of the pads 18 is
conductive, adjacent to one of the openings 22, and
electrically connected to the integrated circuit die through
one of the lead'fingers 16.

Each of the lead fingers 16 forms a portion of the lead
frame (not explicitly shown), which is at least partially
enclosed by the molded plastic body formed by package bottom
12 and package top 14. The lead frame is electrically
connected to the integrated circuit die. '

FIGURE 4 illustrates a cross-sectional view of the _
embodiment of FIGURE 3 facing in the direction of the arrows
labeled “*4." The .end.s of the lead fingers 16 are excised and
wrapped around the side of package top 14. In other words,
the ends of lead fingers 16 are wrapped around minor surfaces
of integrated circuit package 10. In this embodiment, lead
fingers 16 are wrapped around the side of package top 14 for
reasons similar to those discussed in connection with FIGURE 2
above. '

Both of the embodiments of integrated circuit package 10
illustrated in FIGURES 1 and 3 can be manufactured using
similar processes. The integrated circuit die can be
connected to the lead frame and packaged using existing
transfer mblding technology. Solder balls 20 may be formed or

attached on pads ;8 using any known method for creating solder
balls 20.



6 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The preferred enbodi nent of
the present invention and its advantages are best understood by referring
to FIGUREs 1-4 of the drawings, |ike nunerals being used for |ike and
caorrespondi ng parts of the various draw ngs. FIGURE 1 illustrates a
first enbodi ment of an integrated circuit package 10 constructed in
accordance with the invention. Integrat®d circuit package 10 conpri ses
package bottom 12, package top 14, lead fingers 16. pads 18 and sol der
ball's 20. Pac kagehmgu mlznmntmchagebdmp desceibedsin aonnactipmt ed

circuit dlﬁtg,n éﬁ%“ manu acture E@&kﬂgq,ﬂ gnlj,g diBaskage top 14

are plastic an using trans ng t echnol ogy.

FI GURE 1 is\hs ptmuw be mﬂ%gqi&beatc#nga%methfoscam 9% shows
t he bottOmwrih%ﬁtmnpa@é&gmel%he embo‘&ihdﬁtsbﬁiinfs&acaar i® as the

connect eq TURERs 1987045, JRaRcHaedia 1805 mmen o108, 8G9t F3ekal” 10 nave a
di anet er afxamsx itraebestnigaliy neonnecth she | sgisdeay b§¥-1%n%° g tche

integrated circuit die. Other structures could be used inside

of integrated circuit package 10 to connect the solder balls

to the integrated circuit die. Examples include flex circuits

or laminate circuits. Individual conductors could also be

connected directly between the integrated circuit die and the

solder balls 20.

The embodiments illustrated in FIGURE 1-4 show how the
invention can be used to form a plastic packaged ball grid
array. The invention can be used for other area array
technologies such as column gfid arrays or pin grid arrays.
In a column grid array, solder columns would be substituted
for solder balls 20. 1In a.pin grid array, conductive pins
would be substituted for solder balls 20. Solder balls, pins,
or solder columns could also be integral portions of the lead
frame 16 to which they are attached. Although solder balls 20
are made of solder, they could also be made of another
conductive material. The number, spacing, and size of solder
balls 20 can also be varied. _

In the embodiments discussed above, lead fingers 16 are
excised and wrapped around package top 14. Alternatively, the
lead fingers 16 need not protrude from the side of integrated
circuit package 10.

Although the present invention has been described in
detail, it should be understood that various changes,
substitutions, and alterations can be made hereto without



sol der balls 20. Each of the pads 18 is al so connected to one of the |ead
fingers 16. Each of the lead fingers 16 is a portion of a |lead frane (not
“explicitly shown) connected to the integrated circuit die (not explicitly
shown). Al though the pads 18 are connected to the lead fingers 16 in this
exanple, they may be an integral part of the |lead fingers 16. The | ead
frame, which is conprised of |ead fingekk 16,is of the type comonly used
for plastic packaged integrated circuits. Thus, given a particular

i nt egr at edepAntinig foiom, theesphrit lagddsés P AnvkheisEhd N @ gul | -wing

or J-fornadyffadst e.used for that die in integrated circuit
package 10, excep 'lté??tgt gﬁﬁeg‘#%(g(fqﬂ ﬁ‘ﬁers 16 shoul d be



7 altered such that pads 18 are an integral portion ther

18 to be attached. The invention thus allows |ead franes Emmmllmmmnmﬁr
integrated circuits to be quickly nodified for use in integrated-ci*cdit®
package 10. In this enbodi ment, package bottom 12 is smaller than

package top 14. Each of the lead fingers 16 conprises a conductive strip
electrically connected to the integratedl circuit die. Because package
botton11ﬁﬁﬂéh§§nEE§EH§BLE§he perineter of integrated circuit package 10,
the portion of each lead finger 16 visible in FIGURE 1 is éexposed.

FIGURE 2 illustrates a cross-sectional view facing in the direction of the

orrpve Vapel e 2t AR dyrar BaSORE RS o R oL o
14. This configuraphogl8etssniedir@adi;of the lead fingers 16 in place and
backage top 14, The BRIGeSrPFaskic Moy, shesosing Shoheaifendfde of package
top 14 ardrmidtt antd hbhiringoaffiret esurface; S
a plurality of conductive strips, each strip
electrically connected to the electronic circuit and
contacting the first surface;
. a plurality of conductive pads, each pad
electrically connected to one of the conductive strips; and
" a pluralicy'of conductors, each conductor

electrically connected to one of the-pads and protruding i
therefrom.

2. The integrated circuit package of Claim 1 wherein
, the conductors comprise conductive balls.

. 3. The integrated qircuit package of Claim 2 wherein
the conductive balls are comprised of solder.

4. The integrated circuit package of Claim 1 wherein
the conductors comprise conductive columns.

5. The inﬁegrated circuit package of Claim 1 wherein
the conductors comprise conductive pins.

This Sheet Has Been Replaced
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its shape. This feature of the invention allows easier conp
subsequent board | evel electrical testing. Conductors for t MHW!HH ”“l
can be directly connected to the portion of the |ead fingers

around the side of package top 14. The enbodi nent of integrated

circuit package 10 illustrated in FIGURE 1 may be especially useful in
applications where one desires to convert an integrated circuit currently
having J-formor gull w ng-type |leads igzgo a plastic packaged area array
integrated circuit. Using the enbodinment illustrated in FIGURE 1, the |ead

fingers 16 can Bave Tie inregrapedicigcait padkagesby CEih i1 EietRed Or m or
gul | w ng Qﬁﬁﬁ&qginggther t han extendi ng the | ead fingers 16 out
a lead frame at least partially enclosed by the
molded plastic body comprising a plurality of lead fingers,
each lead finger electrically connected to the electronic
circuit in one of the conductors.

7. The integrated circuit package of Claim 6 wherein
each of the plurality of conductive pads further comprise an
integral portion of one of the lead fingers.

8. The integrated circuit package of Claim 6 wherein
each of the plurality of conduct1ve pads is connected to one
of the lead flngers._

9. The integrated circuit package of Claim 7 wherein
each of the plurality of conductors further comprise an
integral portion of one of the lead fingers.

10. The integrated circuit package of Claim 6 wherein
the molded plastic body further comprises:
a minor-sur-f_ace adjacent to the first major surface;
and .
wherein at least one lead finger exits from the
minor surface and is bent to substantially conform thereto.

This Sheet Has Been Rei




the side of integrated circuit package 10 to nake J-form:o u‘mwlmm
| eads, pads 18 are connected to the lead fingers 16 to all s O

sol der balls 20. Then, an electronic appliance nanufacturer that seeks to
use integrated circuit package 10 in an el ectronic appliance can nmake snal |
nodi fications to the pad placenent that was used for the J- formor gull

w ng version of the integrated circuit package in order to allow use of

i htegrated circuit package 10. Thus, tRq invention allows users of
integrated circuit package 10 to easily convert circuit boards used with
exi sting J-for¥lor The integxpyedaciicuitaciackede i off dladme@ whexsin s into

boar ds t hahchiads Dénd! AUt L Ey YL RoREEEI WY Palk CERAGIRIEmbPLSd & ed
circuits a;agh as, inteqgrated circyit package,10. Simlar advantages can be
obt ai ned RIFRL PnRhtORF % n bgr%ﬁ £ipgex®+ package 10 illustrated
in FIGURES 3 and 4 bel ow. FIGURE 3 illustrates a second enbodi nent of
I ntegrated circuit package 10 constructed in accordance wth the

12. The integrated circuit package of Claim 6 wherein
the molded plastic body further comprises a second surface
adjacent to the first surface; and wherein at least one lead
finger bends to substantially conform to the second surface.

13. The integrated circuit package of Claim 1, wherein:
said molded plastic body includes first major
surface opposing a second major' surface, the first major -
surface having a plurality of openings therein; _
each of said plurality of conductive pads adjacent
to one of the openings;:

each of said plurality of conductors protruding from
one of the openings. '
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invention. I'n this enbodi nent, however ,. package bottom 12 has a perineter.
substantially the sane as the perlneter ‘of package top 14 (not shown in
FIGURE 3). In this enbodi ment, package bottom 12 has a plurality of
openings 22 fromwhich the solder ball s 20 protrude. Openings 22 expose a
substantially smaller portion of lead fingers 16 than is exposed in the
enbodi nent illustrated in Fl GURE 1. Thi s enbodi nent of integrated
circuit package 10 also has an integrated circuit die (not explicitly
shown) that conprises sone type of el@dtronic circuit. Package bottom 12
and package top 14 (not explicitly shown in FIGURE 3) forma nol ded

pl astic body enclosing the electronic circuit. This plastic body has top
and bottom surfaces opposi ng one anot her

PLASTIC PACKAGING FOR A SURFACE MOUNTED
INTEGRATED CIRCUIT

ABSTRACT OF THE DISCLOSURE

After completing this macro, return to each appropriate
section and type the information provided by the attorney. In
accordance with the invention, integrated circuit dies may be
packaged in a plastic package employing an area area array
technology such as a conductive ball grid array, column grid
array or pin grid array. One aspect of the invention is an
integrated circuit package(10) which includes an electronic
circuit enclosed by a plastic body (12, 14). The molded
‘plastic body has a first major surface opposing a second major
surface. The first major surface of integrated circuit (10)
has a pluraiity of openings therein. One of a plurality of
conductive pads (18) is adjacent to each one of the openings
and is electrically connected to the electronic circuit. Each
of a p1ura1ity of conductors (20) is electrically connected to

one of the pads (18) and protrudes from one of the openings
(22).

Figure 1 & 3
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9 that formthe major surfaces of the package of integrated circuit
package 10. Each of the solder. bal'ls 20 is electrically connected to
one of the pads 18. As with the enbodinent -illustrat'ed in FIGJURE 1, pads 18
may be bonded to lead fingers 16 or may forman integral portion thereof.
Eaéh of the pads 18 is conductive, adjacent to one of the openings 22, and-
el ectrically connected to the integrated circuit die through one of the

| ead fingers 16. Each of the lead fingers 16 forns a portion of the
lead frame (not explicitly shown), -whigp2is at |east partially enclosed by
the nol ded plastic body fornmed by package bottom 12 and package top 14. The
lead frame is electrically connected to the integrated circuit die.

FIGURE 4 illustrates a cross-sectional view of the enbodi ment of FIGURE 3
facing in the direction of the arrows | abel ed "4"m The ends of t he | ead
fingers 16 are excised and 10

,J
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wr apped around the side of package top 14. In other words, the ends of |ead
fingers 16 are w apped around m nor surfaces of integrated circuit package
10. In this enbodinent, lead fingers 16 are w apped around the side of
p&ckage top 14 for reasons simlar to those discussed in connection with
FIFGURE 2 above. Bot h of the enbodi nents of integrated circuit package
10 illustrated in FIGURES | and 3 can be manufactured using simlar
processes. The integrated circuit die can be connected to the |lead frane
and packaged using existing transfer md/2ling technol ogy. Sol der balls 20

may be formed or attached on pads 18 using any known nethod for creating
sol der balls 20. '
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rments tllustrated 1n ; ‘vari ous substitutions can be made
wi t hout departing fromthe scope- of the i nvention. For exanple, the

rbodi t [lustrated i n FI GURES S
gf /s ?renESlJ}SF,QIx&@?H :REQORTOr ﬁ@%‘t‘:a‘t"ﬁ@ég]%%%al ls 20 to the

I n ed circuit die. Oher strudtures could be used inside of integrated
Gir t package 10 to connect the dolder balls to the integrated circuit
JTEX BN THIEABSIRAETT | ex circuits or laminate circuits. IndiV|dgaI_ _
onductors coutd—atsobeTtonmmected—directtybetween—the+ntegrated—etr+eti+t
die and the solder balls 20. The enbodi nments illustrated in FI GURE 1-4
ghow how the invention can be used to forma plastic packaged ball grid
array. The invention can be used for other area array technologles such as
¢ol um gELASHCEACKAGING FORJAS ACE MO) -
g¢ol ums mould be substltuted

In accordance with the invention, integrated circuit dies may be packaged in a plastic package

employing an area array technology such as a conductive ball grid array, column grid array or-

pin grid array. One aspect of the invention is an integrated circuit package (10) which includes

an electronic circuit enclosed by a plastic body (12,14). The molded plastic body has a first

major surface opposing ‘a second major surface. The first major surface of integrated circuit

(10) has a plurality of openings therein. One of a plurality of conductive pads ( 18) is adjacent

to each one of the openings and is electrically connected to the electronic circuit. Each of a

plurality of conductors (20) is electncally connected to one of the pads'(18) ani protrudes
-"'ﬁ'omon ' :

_"T._. 
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. . . . ANSZL-T tyos
f or a pin grid array, conductive pins would be
;.subst | “mm]u“usﬂmumbal | s 20. Sol der balls, pins, or solder colums _
coul d akso¢ bet i Mt egrak portions of the |ead frame 16 to which they are
attached. Although solder balls 20 d2 made of solder, they could al so be
msrde iang kel G@Eyusd ve material . The nunber, spaci ng, and size of
ol déT—batTs 20 can also be vari ed. In the enbodi nents di scussed

above lead fi ﬂgaerﬁmje@xaer&d VST PR WGP NESSE O package top 14,
Alternatively, the_ |ead fingers 16 r}led not protru t he _si de of

integrated ci PtidLSRFIORE ﬁ)”:cul H PRI ‘F\’éag?"é’é FRVEREEST SHas
been describedd neadefaatne comphbalidgba pihdeakitopdft Natads fingerschaagds,

SUwaéﬁﬁnfy%%eIaQQe%k&q ﬁgn%o%%%cﬂ%dﬁ%@? h@E?EQsﬂbhﬁ&ﬂ% conductor of

the electronic circuit; _

a molded plastic body enclosing the electronic circuit

and at least partially enclosing the lead frame, and having a first
major surface opposing a second major surface, the first major
surface having a plurality of openings therein;
' a plurality of circular conductive pads having a
predetermined diameter, each pad adjacent to one of the openings,
electrically connected to a corresponding one of the lead fingers
and aligned with a corresponding one of the openings;

a plurality of conductive balls, each conductive ball
having said predetermined diameter and electrically connected to a
corresponding one of the pads and protruding from a corresponding
one of the openings. |

2. The integrated circuit package of Claim 1 wherein the
conductive balls are comprised of solder.

3. The integrated circuit package of Claim 1 wherein each of
the plurality of conductive pads further comprise an integral
portion of one of the lead fingers.

/ 4. The integrated circuit package of Claim 1 wherein each of
the plurality of conductive pads consists of a circular connector
connected to said corresponding one of the lead fingers.
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5. The integrated circuit package of Claim 1 wherein the
" molded plastic body further comprises:
a minor surface adjacent to the first major surface; and

wherein at least one lead fingér exits from the minor
surface and is bent to substantially conform thereto. ' '

6. An integrated circuit package,-comprising:
an electronic circuit having a plurality of conductors;
" a lead frame comprising a plurality of lead fingers, each
lead finger electrically connected to a corresponding conductor of
the electronic circuit; |

a molded plastic body enclosing the electronic circuit
and at least partially enclosing the lead frame, and hav1ng a first
surface;

each lead finger contacting the first surface;

a plurality of circular conductive pads having a
predetermined diameter, each pad electrically connected to a
corresponding one of the lead fingers; and

a plurality of conductive balls, each conductive ball
having said predetermined diameter, electrically connected to a
corresponding one of the pads and protruding therefrom.

7. The integrated circuit package of Claim 6 wherein each of
the “plurality of conductive pads further comprlse an integral
portion of one of the lead flngers.

8. integrated circuit package of Claim € wherein the molded
pléstic body further comprises a second surface adjacent to the
first surface; and wherein at least one lead finger bends to
subgstantially conform to the second surface.
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1.° Anin package conpri sing an electronic circuit
. having a |“ nH"“HH uctors; a lead frame conprising a
plurality of ¢ead M n§ers, each lead finger electrically connected to a

correspondi ng conductor of the electddnic circuit; a nol ded
plastlc body enclosing the electronic circuit and at |east partially
‘encl osing the |lead frane, and haV|ng a first major surface opposing a

second maj gr S%i@%ntgg@a&basef_ @%ié@é JP\dl%anasphﬂéiJe'lWegEhhaw g

openi ngs theérei Ircul ar conductive pads

a pr eBBeePhiNad LYa Rkt €t°ndé‘§@l+"|@ad’aé3cﬁ SXMLE Sfe dICIFRPHPEFAgSuctor

el ect ebgakkyegorBechid (cOrrePRRERRNGmY cheald Idwd | £amgéragers and
aligned wi.th a correspondi ng one of the openings; a plurality of
conductive balls, each conductive ball having said predeterm ned di aneter
and electrically connected to a correspondi ng one of the pads and
protruding froma correspondi ng one of the openings. . 2. The
integrated circuit package of Claim1l wherein the conductive balls are
conprised of sol der.
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3. The ] ' It package of Claim1l wherein each of the
pl.urali tlgmﬂﬁﬂﬁﬁﬂﬂmuﬂmpads further conprise an integral portion of one
of the I c 4. The |ntegrated @Mﬁgﬁﬁhu9ﬁ$K@gQﬁ@f Clsay m 1
wherein the nolded plastic body further conpwt .

surface adjacent to the first major surface;; ay

| east ,one | ead finger exits fromthe nignor turf“ anglug
substantlally conform thereto. 5. Ah jmi grated
conpri si ng: an electronic circuit: haV|ng a plu

conduct or s; WHAT IS CLAIMED IS:

g A
L..

1. aAn integrated circuit package cowmprising:

an electronic circuit héving a plurality of conductors;
a lead frame comprising a plurality of lead fingers, each

lead finger electrically connected to a corxresponding conductor of
the electronic circuit;

a molded plastic body enclosing the electronic circuit
and at least partially enclosing the lead frame, and having a first
major surface opposing a second major surface,

the first major
surface having a plurality of openings therein;

a plurality of circular conductive pads

having a
predetermined diameter, each pad adjacent to one

of the openings,
electrically connected to a corresponding one of the lead fingers
and aligned with a corresponding one of the openings;

a plurality of conductive balls, each conductive ball

having said predetermined diameter and electrically connected to a

corresponding one of the pads and protruding from a corresponding
one of the openings.

2. The integrated circuit package of Claim 1 wherein the

conductive balls are comprised of solder.

. 3. The integrated circuit package of Claim 1 wherein each of

the plurality of conductive pads further comprise an integral
portio?rof one of the lead fingers.

4. The integrated circuit package of Claim 1 wherein the

molded plastic body further comprises:
a minor surface adjacent to the first major surface; and
wherein at least one lead finger exits from the minor

surface and is bent to substantially conform thereto.

S. An integrated circuit package, comprising:

an electronic circuit having a plurality of conductors;
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me conprising a plurality of |lead fingers, each
Iead fi.n EI‘! ““E“I aﬂl onnect ed to a correspondi ng conductor of the
el ectroni cl Cul a nol ded plastic body enclosing the

el ectronic circuit and at least partially enclosing the |lead franme, and
having a first surface; each lead finger contacting the first
surface; a plurality of cir&dlar conductive pads having a
predeterm ned di ameter, each pad electrically connected to a correspondi ng
one of the lead fingers; and a plurality of conductive bal | s,

each conductive hall_ having said predeterq)ne di anet el ectrically
connected to g @& lead frame comprising a plurality of ead fingers, each

lead finger electrically connected to a corresponding conductor of
the electronic circuit;

a molded plastic body enclosing the electronic circuit
and at least partially enclosing the lead frame, and having a first
surface; '

each lead finger contacting the first surface;

a plurality of circular conductive pads having a
predetermined diametey, each pad electrically connected to a
corresponding one of the lead fingers; and

a plurality of conductive balls, each conductive ball
having said predetermined diameter, electrically connected to a
corresponding one of the pads and protruding therefrom.

6. The integrated circuit package of Claim S wherein each of
the plurality of conductive pads further comprise an integral
portion of one of the lead fingers.

7. integrated circuit package of Claim S wherein the molded
plastic body further comprises a second surface adjacent to the
first surface; and wherein at least one 1lead finger bends to
substantially conform to the second surface.
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correspondi ng one of the pads and protruding therefrom - _ 6. The -
I ntegrated circuit package of O aim5 wherein each of the plurality of
conductive pads further conprise an integral portion of one of the |ead
fingers. 7. integrated circuit package of Claim5 wherein the
nol ded plastic body further conprises a second surface adjacent to the

first,surface, and wherein at |east one |l ead finger bends to substantially
conformto the second surface. 14 =

PLASTIC PACKAGING FOR A SURFACE MOUNTED
INTEGRATED CIRCUIT

" ABSTRACT OF THE DISCLOSURE

After completing this macro, return to each appropriate
section and type the information provided by the attorney. 1In
accordance with the invention, integrated circuit dies may be
packaged in a plastic package employing an area area array
technology such as a conductive ball grid array, column grid
array or pin grid array. One aspect of the invention is an
integrated circuit package(10) which includes an electronic ~
circuit enclosed by a plastic body (12, 14). The molded
plastic body has a first major surface opposing a second majof
surface. The first major surface of integrated circuit (10)
has a plurality of'openings therein. One of a plurality of
conductive pads (18) is adjacént to each one of the openings
and is electrically connected to the electronic circuit. Each
of a plurality of conductors (20) is electrically connected to

one of the pads (18) and protrudes from one of the openings
(22).

Figure 1 & 3
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