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El ELD OF THE I NVENTI ON The present invention relates in tolt Ré
field of integrated circuit packages and nore specifically to substantial ly
flat integrated circuit packages having nmultiple slots ar 03 “the perinmeter
of the substrate for wire bonding and attachnent of a silicon® Vehi p and
having a ball grid array disposed on the substrate inter@-k of { he

sl ot s. 2 BACKGROUND OF THE | NVENTI ON W thout |imting} b scbpe ®
invention, its background is described jn connection with i nt egr at ed
circuit packages as an exanple. Heretofore, in this fleld i ntegrated

circuits have been formegutgﬁ ﬁﬁﬁg Z&I"LSG grs are separat ed
i nto individual chips and™the t‘p\%% 3(.; m% rE ndI ed and
packaged. The packagi ng proces ocr‘ & tycal steps in the
integrated circuit fabrication process, both from

Ltiple
>t he

The present invention relates in general to the field of
integrated «circuit packages and mwmore specifically to
substantially flat integrated circuit packages having multiple
slots around the perimeter of the substrate for wire bonding
and attachment of a silicén chip and having a ball grid array

disposed on the substrate internal of the multiple slots.



the point of view of cost and of reliability. Specifically, the packaging
cost can easily exceed the cost of the integrated circuit chip and the
majority of device failures are packaging related. The integrated circuit
nmust, be packaged in a suitable nedia that will protect it in subsequent
manuf acturing steps and fromthe environnment of its intended application.
Wre bonding and encapsul ation are the two main steps in the packagi ng
process. Wre bondi ng connects the Iead? fromthe chip to the term nals of
t he package. The terminals allow the inTegrated circuit package to be
connected to other 3 conponents. Follow ng wre bondi ng, encapsul ati on

is enployed to seal the surfqgg%ghggmgggtgmnggggglgggtanination and to
protect the wire bonding and other conponent rom corrosi on and nechani cal

S
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and encapsul ati on, desjgnated parts,of . , , . .
P %ac grounégis 5esc§¥%ed in connection with integrated circuit

packages, as an example.

Heretofore, in this field, integrated circuits have been
formed on semiconductor wafers. The wafers are separated into
individual chips and the individual chips are then handled and
packaged. The packaging process is one of the most critical
steps in the integrated circuit fabrication process, both from
the point of view of cost and of reliability. Specifically,
the packaging cost can easily exceed the cost of the
integrated circuit chip and the majority of device failures
are packaging reiated.

The integrated circuit must be packaged in a suitable
media that will protect it in subsequent manufacturing steps
and from the environmenﬁ of ‘its intended application. Wire
bonding and encapsulation are the two main steps in the
packaging process. Wire bonding connects the leads from the
chip to the terminals of the package. The terminals allow the

b

integrated circuit package to be connected to other



the | ead frame becone the term nals of the package. The packagi ng of
integrated circuits has al so involved the placenent of chips on a flexible
board where, follow ng adhesion of the chip to the surface of the flexible
board and wire bonding, an encapsulant is placed over the chip and the

adj acent flexible board to seal and protect the chip and ot her conponents.
Unfortunately, current methods for encapsulating silicon chips have led to
vari ous problens, including cracking between the encapsul ation material and
the integrated circuit conponents, as well as high failure rates due to the
multi- step nature of the process. Cracking has plagued the industry
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materials, usually epoxies, due to the extreme variations in
protect the wire bonding and other components from corrosion

and mechanical shock.

Conventionally, the packaging of integrated circuits has
involved attaching an individual chip to a lead frame, where,
following wire bonding and encapsulation, designated parts of
the lead frame become the terminals of the package. The
packaging of integrated circuits has also involved the
placement of chips on a flexible board where, following
adhesion of the chip to the surface of the flexible board and
wire bonding, an encapsulant is placed over the chip and the
adjacent flexible board to seal and protect the chip and other
components.

Unfortunately, current methods for encapsulating silicon
chips have led to various problems, including cracking between
the encapsulation material and the integrated circuit
components, as well as high failure rates due to the multi-
step nature of the process. Cracking has plagued the industry

-

because of differences in the coefficient of thermal expansion



tenperature in various environnents and between periods of operation and
non-operation. Even if the encapsulated silicon chip is successfully
assenbled into a working integrated circuit, another problemis comonly
encount er ed. Once the silicon chip is encapsulated it is typically
surface nounted using radi ant heat or vapor saturated heating. This
process, however, can |lead to poor coplanarity due to uneven refl ow,

| eading to integrated circuit failure. Therefore, a need has arisen for an
integrated circuit package and a process for producing an integrated
circuit package that provides for nininﬁzing the size of integrated circuit

packages. A negd *?:%gi ali$Pr Sfdrten ,clfaﬁfaoﬁéhﬂ'hé",t egLat edyShy i t aagkage %lg% d

allows for wire bo ng of the silicon chip to the printed circuit

around the per] er.. of the . .5 printed.circuit bqard while providin
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ackage. Also, a d has_ arisen fqQr. .an integrated circuit, package that
P 9 meta %?c and non-metallic compé%ents. Cracking Esg also

frequent between the silicon wafer and the encapsulation
materials, usually epoxies, due to the extreme variations in
temperature in various environments and between periods of
operation and non-operation.

Even if the encapsulated silicon chip is successfully
assembled into a working integrated circuit, another problem
is commonly encountered. Once the silicon chip is
encapsulated it is typically surface mounted using radiant
heat or vapor saturated heating. This ?rocess, however, can
lead to poor coplanarity due to uneven reflow, leading to
integrated circuit failure.

Therefore, a need has arisen for an integrated circuit
package and a process for producing an integrated circﬁit
package that provides for minimizing the size of integrated
circuit packages. A need has also arisen for an integrated
circuit package that allows for wire bonding of the silicon

-

chip to the printed circuit board around the perimeter of the



utilizes the surface area toward the center of the printed circuit board
for attachnment of a high density ball grid array. Finally, a need has
arisen for an integrated circuit package that solves the probl em caused by
the differences in thermal expansion of the packaging naterials and does
not require extensive encapsul ation. 6 SUMVARY OF THE | NVENTI ON The
present invention disclosed herein conprises an integrated circuit package
that utilizes slots around the perimete? of the substrate for wire bonding
the silicon ¢ hip to the substrate. The integrated circuit package of the
present invention also utilizes the region of the printed circuit board
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Also, a need has arisen for an integrated circuit package that

utilizes the surface area toward the center of the printed
circuit board for attachment of a high density ball grid
array. Finally, a need has arisen for an integrated circuit
package that solves the problem caused by the differences in
thermal expansion of the packaging materials and does not

require extensive encapsulation.



having two or nore openi ngs di sposed proxi mate the perinmeter of the
substrate, first and second surfaces and an outline. A plurality of routing
strips are integral with the substrate. A plurality of pads are centrally
di sposed on the first surface, at |east one of the pads being electrically
connected with at | east one of the routing strips. A chip is adhered to the
second surface of the substrate. The chip has an outline that is |ess than
the outline of the substrate. The chip has 7 at | east one bondi ng pad,
whi ch serves to provide electrical connfctions to the substrate. Wre
bonding el ectrically connects the bondlng pad to the routing strips through
t he openings on the substrate. g ! G ek gy ot ected fromthe

envi ronment by a potting mat ert al ‘o|sposeo‘mnth|n t he openings in

t he substrate. Th Chl dhered {9 th t the potting nmateria
that nmay be, for gl;(arrpgﬁegp?i Vin ik l%tgf* (lnsveecf1 Eef%’e cﬁ‘l ﬁpﬁhﬁe e®Hdher ed

by an adhesive Iayer such as a pol yi m de adheS|ve | aye an adhesive
epoxy t ape. THB %%Jgﬁ(tyed circuit package that utilizes s ots around the

perimeter of the substrate for wire bonding the silicon ¢ hip
to the substrate. The integrated circuit packaée of the
present invgntion also utilizes the region of the printed
circuit board inside the slots for locating a high density
ball grid array. The present invention reduced the
differences in the coefficient of thermal expansion of the
packaging components by having a substrate with multiple
opening filled with éotting material.

The integrated circuit package comprises a substrate
having two or more openings disposed proximate the perimeter
of the substrate, first and seconq surfaces and an outline.
A plurality of routing strips are integral with the substrate.
A plurality of pads are 'centrally disposed on the first
surface, at least one of the pads being electrically connected
with at least one of the routing strips. A chip is adhered to
the second surface of the substrate. The chip has an outline

-

that is less than the outline of the substrate. The chip has



can either be coated on the surface of the substrate or the chip prior to
assenbly. Sol der balls are disposed on the pads of the first surface of the
substrate to enabl e attachnent to other devices. The sol der balI's may
preferably have a dianeter between about 8 and 20 mls. The chip may

preferably have a thickness between about 10 and 20 m | s.

I n one

enbodi nent, potting material encapsul ates the chip adding a thickness of

about 6 mls. The substrate may preferably have a thickness

8 bet ween

about 8 and 28 mils. In a single |ayer embodi nent, the substrate has a
the integrated

t hi ckness of about 12 mls. In a nmulti-|ayer enbodi nent,

circuit package,o resent..invention.has bus bars and, touting strips
are di sposed agfag%%‘:etoglet %gn%bré%ipnags 8 lfﬁes?abesst Q¢ BTOYH efe?lresct%r]léﬁér may
have a thickness of about 12 mls and a second |ayer may have a thickness

of about 8 nil §OMRFEEIMS i VI §he aspPpEFateyer Wiy reandiagt relaatadsadlyabout

12 mls, a second | ayer nay have a thickness of about 8 mls and

connects the bonding pad to the routing strips through the

openings on the substrate. The wire bonding is protected from

the environment by a potting material that is disposed within

the openings in the substrate.

The chip is adhered to the substrate by the potting

material that may be, for example, polyimide.

the chip may be adhered by an adhesive layer,

polyimide adhesive layer or an adhesive epoxy tape.

Alternatively,
such as a

The epoxy

can either be coated on the surface of the substrate or the

chip prior to assembly.

Solder balls are disposed on the pads of the first

surface of the substrate to enable attachment to other

devices. The solder balls may preferably have a diameter

between about 8 and 20 mils. The chip may preferably have a

thickness between about 10 and 20 mils. 1In one embodiment,

potting material encapsulates the chip adding a thickness of

about 6 mils. The substrate may preferably have a thickness

-



a third layer may have a thickness of about 8 mls. The profile of the
integrated circuit package of the present invention may preferably be

bet ween about 30 mils and 50 mls. 9 BRI EF DESCRI PTI ON OF THE DRAW NGS
For a nore conpl ete understandi ng of the features and advant ages of the
present invention, reference is now nade to the detailed description of the
i nvention along with the acconpanying figures in which correspondi ng
numerals in the different figures refer sto corresponding parts and in
which: Figure 1 is a sinplified top vie% of an integrated circuit package
of the present invention; and Figure 2 is a sinplified end cross-sectional

Xi i}"’ f’f an i”%@%éér?dab%iuﬁ:"%i LnR2sKagA LT 4He PLERENL 1 LVE d R ARG, the
- ine of frgure 1. 0
the substrate has a thickness of about 12 mils.

In a multi-layer embodiment, the integrated circuit
package of the present invention has bus bars and routing
strips are disposed adjacent to the openings of the substrate.
The first layer may have a thickness of about 12 mils and a
second layer may have a thickness of about 8 mils.
Alternatively, a first layer may have a thickness of about 12
mils, a second layer may have a thickness of about 8 mils and
a third layer may have a thickness of about 8 mils. The

profile of the integrated circuit package of the present

invention may preferably be between about 30 mils and 50 mils.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Wi |l e the maki ng and using of various
enbodi nents of the present invention are discussed in detail below it
shoul d be appreciated that the present invention provides many applicable
i nventive concepts which can be enbodied in a wide variety of specific
cont exts. The specific enbodinments discussed herein are nerely
illustrative of specific ways to make and use the invention and do not
delimt the scope of the invention. The present invention is related to

hi gh frequency integrated circuit packa$es having both a low profile and a
smal | outline. As defined herein, the term"outline" relates to the overal
width and length of, for examm he_entire ié!eg at ed. circuit package of
the present invention. e T1Te e Tt egr d-crrcuit package is
also referred to as the footprint, of the integrate ircuit package,
because it definesFPhe?sUPFacemieteonnderst AR rof t i terFY5Rcegist ed
circuit package will occupy. Qutline may be neasured, in for exanple,
square m | s omrdygnbagesidf] Fhetrresent invention, reference is now made to

Q_tru
O

the detailed description of the invention along with the
accompanying figures in which corresponding numerals in the
different figures refer to cofresponding parts and in which:
Figure 1 is a simplified top view of an integrated
circuit package of the present invention; and
Figure 2 is a simplified end cross-sectional view of an
integrated circuit package of the éresent invention along the

A-A’ line of figure 1.



11 As defined herein, the term"profile"” refers to thickness or height of,
for exanple, the integrated circuit package of the present invention. The
integrated circuit package of the present invention may be nmeasured in, for
exanple, mls. As defined herein, the term"substantially simlar" refers
to the relative outlines of the printed circuit board and the silicon chip,
which are within [ ess about 10% of one another other. In one enbodi nent of
the present invention, the difference in the outlines is about 2% In an
alternative enbodinment, the silicon chip and the printed circuit board have
the sane outlines. Inportantly, the telln substantially simlar does not

i ndi cate which of the t [ , either formis
enconpassed by the pres2ﬁ¥&$g§@§§$%%$lgﬁi8%%§£gﬁﬁfﬁﬁyé o) provi des for an
integrated circuit aika e that delivers high speed performance and neets
the space constrai W?‘l Bqthe SRehtE B NE4BE L SifirdoNguerRdineris pE et
invention also addresses the problens associated with the electronic
capacity of tRFesienp tRRiaiop. amhaliscugsedl s dettatihebpl@serit shoehdiln may
be incorporated into, for exanple, a synchronous DRAM (SDRAM silicon chip.

However , appreciated that the present invention provides many
= applicable inventive concepts which can be embodied in a wide
variety of specific contexts. The specific embodiments

discussed herein are merely illustrative of specific ways to
make and use the invention and do not delimit the scope of the
invention.

The present invention is related to high frequency
integrated circuit packages having both a low profile and a
small outline. As defined herein, the‘term “outline” relates
to the overall width and length of, for example, the entire
integrated circuit package of the present invention. The
outline of the integrated circuit package is also referred to
as the footprint of the integrated circuit package, because it
defines the surface area on a motherboard that the integrated
circuit package will occupy. Outline may be measured, in for

example, square mils or square millimeters.



12 the present invention is also applicable to LOAd C, SRAM EPROM and any
other integrated circuit conponents. Figure 1 is a top view depicting the
outline of an integrated circuit package 30 of the present invention. A
printed circuit board 70 is depicted having openings 86 around the
perimeter of printed circuit board 70. The nunber of openings 86 nmay be
varied up or down dependi ng on design or assenbly constraints such as the

t hi ckness, width, length, coefficient of thernmal expansion and conposition
of the printed circuit board 70. Pads 100 are centrally |ocated on the
printed circuit board 70 and are connected to routing strips 82 by conduits

and vias (not depicted) . within the printed gircuit ,board 7Q0.  The silicon
chip 50 has bondi nés p%%fsmfggxl‘?%e@é‘f egﬂijre]:r?é?“al Pﬁoﬁ‘iet héeg?ffser OpFBigkngss -

silicon chip 50 surrounding the periphery of the silicon chip 50. Bonding
pads 120 are O¥nheéghE 2% oHt PRYRYG i fPeginbeaprtef sdrevituPRCREs P70 by
wire bonding 80. The printed circuit board 70 of the present invention may

be varied in tthieckresentt dnybhoipmor &he| bxtegrnated chaguit package of the
present invention may be measured in, for example, mils. BAs
defined herein, the term “substantially similar” refers to the
relative outlines of the printed circuit board and the silicon
chip, which are within less about 10% of one another other.
In one embodiment of the present invention, the difference in
the outlines is about 2%. In an alternative embodiment, the
silicon chip and the printed circuit board have the same
outlines., Importantly, the term substantially similar does
not indicate which of the two compoﬁents is larger,.as either
form is encompassed by the present invention.

The present invention provides for an integrated circuit
package that delivers high speed performance and meets the
space constraint requirements of modern semiconductors. The
present invention also addresses the problems associated with
the electronic capacity of the chip assembly. The principles
of the present invention may be incorporated into, for

-

example, a synchronous DRAM (SDRAM) silicon chip. However,



conventional printed circuit boards 70. The increased 13
flexibility allows the printed circuit board 70 of the present invention to
nore closely match the novenent and expansion of the silicon chip 50. By
filling the openings 86 with a potting material 90 that closely matches the
coefficient of thermal expansion of the silicon chip 50 or the printed
circuit board 70, or both, stress caused by thermal expansion on the
conmponents is reduced. Reduced stress on the conponents increases
the yield during packagi ng, and al so i ntzeases device reliability and

endur ance. Bus bars (not depicted) nay be included in the printed circuit

board 70. bus bar By S&fve exa o] u e

gr ounds, and e %r‘?)sr é‘?:ef'? A i%naé sﬁ’ugpnngcasbe]r 58 %@éﬁ‘(ﬁ g%hsgpg{?g[h as a
power supply, and a second bus bar serve another function, such as a
ground. Fi gur 808 #RY PthefpipFedtrtabsdrsuit| SrmROAAE™R of an integrated
circuit package taken along the A-Alerr] line depicted in figure 1 that is
general |y designatBig@®® Thési @&t éprateew depicting the outline of an

integrated circuit package 30 of the present invention. A
printed circuit board 70 is depicted having openings 86 around
the perimeter of printed circuit board 70. The number of
openings 86 may be varied up or down depending on design or
assembly constraints such as the thickness, width, length,
coefficient of thermal expansion and composition of the
printed circuit board 70. Pads 100 are centrally located on
the printed circuit board 70 and are connected to routing
strips 82 by conduits and vias (not depicted) within the
printed circuit board 70. The silicon chip 50 has bonding
pads 120 located generally in the outer areas of silicon chip
50 surrounding the periphery of the silicon chip 50. Bonding
pads 120 are connected to routing strips 82 of printed circuit
board 70 by wire bonding 80.

The printed circuit board 70 of the present invention may
be varied in thickness to allow more flexibility than

4

conventional printed circuit boards 70. The increased



circuit package 30 conprises a silicon chip 50, which can be, for exanple,
any integrated circuit conponent such as a DRAM an EPROM a SRAM or a
LOEd C chip. Aprinted circuit board 70 14 is attached to the silicon
chip 50 by the potting material 90. If necessary, an adhesive |ayer (not
depicted) may be placed between the printed circuit board 70 and the
si-liecon chip 50. The printed circuit board 70 depicted has two | ayers, a
top layer 76 and a bottomlayer 78. It should be understood by one skilled
inthe art that the terns "top™ and "bottont as well as the terns "side"
and "end" are used for illustration puri@ses only, as the integrated
circuit packag$¥30 Qa,the resent inyention can be as enblgd and used in a

variety of postisoRdlihy Ys PEAPRE] FIECHEGi POHThrd 96 The Prgsent
constructed froma material such as FR-4, FR-5 or BR FR-4, for exanple,
i s avail abl e f¥BianvaesroP Aqnecclosely matchnbhe oyiemepsxynd enrnsdpPafof ced
with a woven glass cloth. In selecting the material for printed circuit

board 70, one e | $Edidan tdteiparso. By filling the openings 86 with a
potting material 90 that closely matches the coefficient of
thermal expansion of the silicon chip 50 or the printed
circuit board 70, or both, stress caused by thermal expansion
on the components 1is reduced. Reduced stress on the
components increages the yield during packaging, and also
increases device reliability and endurance.

Bus-bars (not depicted) may be included in the printed
circuit board 70. The bus bars may serve, for example, as
power supplies or grounds, and it is preferred that one bus
bar éerve one function, such as a power supply, and a second
bus bar serve another function, such as a ground.

) Figure 2 is:a simplified cross-sectional view of an
integrated circuit package taken along the A-A’ line depicted
in figure 1 that is generally designated 30. The integrated
circuit packagé 30 comprises a silicon chip 50, which can be,
for example, any integrated circuit component such as a DRAM,

e

an EPROM, a SRAM or a LOGIC chip. A printed circuit board 70



wi | [ recognize that four paraneters should be considered, nanely:

thi ckness, dielectric constant, glass transition tenperature and the
coefficient of thermal expansion. The thickness of top |layer 76 and bottom
| ayer 78 is dependant on the nunber of layers required to electrically

15 connect bondi ng pads 120 on silicon chip 50 and the pads 100 on the
first surface 92 of the printed circuit board 70. The thickness of the

| ayers will also depend on the anopunt of reinforcenent required in a given
| ayer. The reinforcing glass cloth cayyrange in thickness from2 ml per
sheet (type 106) to about 8 mil per shéet (type 7628). Dielectric

constant is deter b conb natlo sin used and the thickness
and type of r&f rﬁtg?rafgﬁ'g%/ o g5t is’t EFSSE’YhE eap%qtelln@ci"?f% Jc%ngpant of
about 4.5. The dielectric constant can be reduced to _about 3 by replacing
the epoxy resth BfIeFsRrEyaRRtdhesidve LayeRn. (Mife depdated) tray e Plaess,

however, the greater the problens associated with thickness control, rough
surfaces, exckeswean dhel primfddectroniaipagdof0 and the silicon chip 50.

The printed circuit board 70 depicted has two layers, a top
layer 76 and a bottom layer 78.

It should be understood by one skilled in the art that
the terms “top” and “bottom” as well as the terms “side” and
“end” are used for illustration purposes only, as the
integrated circuit package 30 of the present invention can be
assembled and used in a variety of positions and ways.

The printed circuit board 70 may be constructed from a
material such as FR-4, FR-5 or BR. FR-4, for example, is
available from Motorola Inc., U.S.A., and is an epoxy resin
reinforced with a woven glass cloth. In selecting the
material for printed circuit board 70, one skilled in the art
will recognize that four parameters should be considered,
namely: thickness, dielectric constant, glass transition
temperature and the coefficient of thermal expansion.

The thickness of top layer 76 and bottom layer 78 is

d

dependant on the number of layers required to electrically



resin refill. The tenperature at which a resin changes froma glass- |ike
state into a "rubbery" state is generally designated as Tg. Standard FR-4
is made with a bifunctionally polynerizing epoxy that has a Tg of about 110
[err]C. Hi gher Tg tenperatures, such as 125-150 [err]C nmay be w thstood by
using a tetrafunctional epoxy. For higher Tg values, in the range of 150 to
200 [err]C a 16 cyanate ester:epoxy blend can be used.

Additionally, polyimdes provide for printed circuit boards having a above
250 [err]C. The coefficient of thermal 1expansion for FR-4 is about 16
ppnmi[err]C. A difference in the coefficient of thermal expansion between
the printed circuit board.70 made .trom FR-4. and the silic chip .50 n
lead to failur&THeThePRe r%&f&ejsd lfglorgﬂi ?llplacc naé:té‘lgogguarl?%&hen Edgn#j@t he
assenbly of the inte%rated circuit package 30, but alsq during its use.

Sol der balls 199 Hhe TdE8l Swtircena? Rleddt PrADESE i BrcudhdP 5 -at ¥ hed

to the pads 100 form ng a high density bal
thickness of the layers will also depend on the amount of

reinforcement required in a given layer. The reinforcing
glass cloth can range in thickness from 2 mil per sheet (type
106) to about 8 mil per sheet (type 7628). Dielectric
constant is determined by a combination of the resin used and
the thickness and type of reinforcement used. Standard FR-4
has a dielectric constant of about 4.5. The dielectric
constant can be reduced to about 3 by replacing the epoxy
resin with a cyanate ester resin. The greatex the thickness,
however, the greater the problems associated with thickness
control, rough surfaces, excessive drill reflection and poor
resin refill.

The temperature at which a resin changes from a glass-
like state into a “rubbery” state is generally designated as

T, Standard FR-4 is made with a bifunctionally polymerizing

g -
epoxy that has a Ty, of about 110 °C. Higher T, temperatures,

such as 125-150 °C may be withstood by using a tetrafunctional

-

epoxy. For higher T; values, in the range of 150 to 200 °C a



grid array in the center of printed circuit board 70. A conventional

sol der reflow system for exanple, a vapor phase sol der refl ow system nmay
be used to attach solder balls 150 to pads 100. In this system condensed
vapor surrounds the integrated circuit package 30 and the printed circuit
board 70 with a cloud of steam A liquid, such as a nonchlorinated (non
CFC) fluorocarbon is first heated with enough energy to forma vapor and to

sustai n-a vapor cloud. When the integrated circuit package 30 is then
passed t hrough the 17 vapor, the vapgrized |iquid condenses thereon and
gives off the latent heat of vaporization. This energy 1is then

transferred to the integrated circuit package 30. As_ long as the integrated
circuit packad®23@teendfFRY i9POKMNe DIPRF, e P&porsednt i ndeeifdogridy of f
energy at a repeatable fixed rate and tenperature, until the integrated
circuit packagelydmidaghezovie t Eppepuinted ofixdwity dpeardsThkavdidigam aBe of
using a nonchlorinated fluorocarbon is that it is extrenely thermally
stabl e, col orlatssre edort@ss and
The coefficient of thermal expansion for FR-4 is about 16
ppm/°C. A difference in the coefficient of thermal expansion
between the printed circuit board 70 made from FR-4 and the
silicon chip 50 can lead to failure of the integrated circuit
package 30 during, not only the assembly of the integrated
circuit package 30, but also during its use.
Solder balls 150 are used with the present invention, and
may be attached to the pads 100 forming a high density ball
grid array in the center of printed circuit board 70. A
conventional solder reflow system, for example, a vapor phase
solder reflow system may be used to attach solder balls 150 to
pads 100. In this system, condensed vapor surrounds the
integrated circuit package 30 and the prihted circuit board 70
l with a cloud of steam. A liquid, such as a nonchlorinated
(non CFC) fluorocarbon is first heated with enough energy to
form a wvapor and to sustain a vapor cloud. When the

s

integrated circuit package 30 is then passed through the



nonfl anmable. In addition, it has a lowtoxicity, |ow surface tenperature,

| ow boi ling point, and | ow heat of vaporization. Because the fluid form of
t he non-chlorinated fluorocarbon is inert, it does not react with fluxes or
conponent materials, nor does it absorb oxygen or other gases that cause
reactions during the solder reflow Most commercially available

fl uorocarbons used for vapor phase reflow are fornulated to vapori ze at
precisely stable reflow tenperatures fqQ7 different solder materials, as
will be known to those skilled in the art. The vaporization tenperature
wi || depend on the solder type being used. A brief list of the tenperatures

for ref lux of non-chlorinated fluorocarbons and the conposjtion of _the
sol der types Wﬁﬁ?rarﬁh%S%ﬁPQ§§z§ﬂo¥hq o1 SFiEEFF?QP e & fand

Sol der Types Fl uid Tenperature . ) Sol der Type 56, 80, 97,
101, 102[ err] thandlassfteri¢at ofovanerizasarsg PbFRES | (eNE8SYer #§ Cthen

70 Sn/ 18 Pn/ 12 In
transferred to the integrated circuit package 30. As long as

the integrated circuit package 30 remains in the wvapor, the
vapor continues to give off energy at a repeatable fixed rate
and temperature, until the integrated circuit package 30
reaches the temperature of the wvapor.

The advantage of using a nonchlorinated fluorocarbon is
that it is extremely thermally stable, colorless, odorless and
nonflammable. In addition, it has a low toxicity, low surface
temperature, low boiling point, and low heat of vaporization.
Because the fluid form of the non-chlorinated fluorocarbon is
inert, it does not react with fluxes or component materials,
nor does it absorb oxygen or other gases that cause reactions
during the solder reflow. Most commercially available
fluorocarbons used for vapor phase reflow are formulated to
vaporize at precisely stable reflow temperatures for different

solder materials, as will be known to those skilled in the

art.



70 I'n/30 Pb 174[err]C 60 In/40 Pb 190[err]C
90 1n/10 Ag 50 In/50 Pb 63 Sn/37 Pb 70 Sn/30 Pb 60 Sn/40 Pb 215[err]C and

230[err]C 60 Sn/40 In 60 Sn/40 Pb 63 Sn/37 Pb 70 Sn/ 30
Pb 62 Sn/ 36 Pb/2 Ag 240[err] C and 253C 75 Pb/25 In 81
Pb/19 In 260[err] C and 265C 96.5 Sn/ 3.5 Ag

Alternatively, infrared or radi ant heated sol der reflow nay be used to

pl ace sol der balls 150 on pads 100. In such a system each conponent of the
sol dering systemis directly exposed tg,radi ation froma heating el enent.
Heat fromthe radiant energy elenent iS absorbed by the different

conmponent s N
The vaporization temperature will depend on the solder

type being used. A brief list of the temperatures for reflux
of non-chlorinated fluorocarbons and the composition of the
solder types that are used is shown below.

Vaporization Temperatures and Solder Types

Fluid Temperature Solder Type
56, 80, 97, 101, 102°C and 155°C 100 In
37 Sn/38 Pb/25 In .
165°C 70 Sn/18 Pn/f12 In
70 In/30 Pb
174°C ) 60 In/40 Pb
190°C 90 In/10 Ag
50 In/S0 Pb
63 Sn/37 Pb

70 Sn/30 Pb
60 Sn/40 Pb

215°C and 230°C 60 Sn/f40 In
60 Sn/40 Pb

63 Sn/37 Pb
70 Sn/30 Pb
62 Sn/36 Pb/2 Ag

240°C and 253°C 75 Pb/25 In
81 Pb/19 In

- 260°C and 265°C 96.5 Sn/3.5 Ag

Alternatively, infrared or radiant heated solder reflow
may be used to place solder balls 150 on pads 100. In such a
system each component of the soldering system is directly
éxposed to radiation from a heating element. Heat from the

radiant energy element is absorbed by the different components



19 according to its nol ecular structure, |eading to bonding between the
pads 100 and solder balls 150. Conventional radiant heat systens expose
only the outer surfaces of the conponents to the radi ant heat, which may
not reach interior areas as efficiently as with vapor saturated heating

met hods as descri bed above. The present invention, however, is not affected
by this typical problem because of the use of solder balls 150 instead of

| eads. In fact, due to the reduced overall size either nethod, vapor phase
sol der reflow or radi ant heated sol der A8flow, may be effectively used with
the present invention. The multi-slot printed circuit ‘board 70 of the
present invention aJ;so sol ves othfr robl enms associg{ed,mﬁth so] der, refl ow
systems.  ThAFEPGHer® i e ubRIeFHE s BT f atFATEIdURP t BORDIRE
coplanarity, tonbstoning, open joints, conponent cracking, thermal shock
and thermal sthetdgiengthahrads d98nend nsekiigrokaddFve80t hese probl ems because
the potting material 90 serves to attach the printed circuit board 70 to
silicon chip 50. Tienmehtiorslotragiamt dobadi sysitemboaxpbst) callyothe outer

surfaces of the components to the radiant heat, which may not
reach interior areas as efficiently és with vapor saturated
heating methods as described above. The present invention,
however, is not affected by this typical problem because of
the use of solder balls 150 instead of leads. 1In fact, due to
the reduced overall size either method, vapor phase solder
reflow or radiant heated solder reflow, may be effectively
used with the present invention.

The multi-slot printed circuit board 70 of the present
invention also solves other problems associated with solder
reflow systems. These problems 'include the creation or
failure due to vbids, coplanarity, tombstoning, open joints,
component cracking, thermal shock and thermal stressing. The
present invention solves these problems because the potting
material 90 serves to attach the printed circuit board 70 to

silicon chip 50. The multi-slot printed circuit board 70 also

rd



20 dispenses with the need for electrically connecting soldering |leads to
the integrated circuit package 30. By using solder balls 150 instead of

| eads, the problens associated with voids around pad areas or under | eads
caused by inconplete reflow or poor welding of the soldering surface due to
i nproper flux or badly oxidized surfaces is elimnated. The probl ens of
coplanarity and tonbstoning are al so reduced or elim nated using the sol der
bal I s 150 because surface tension on both sides of the solder balls 150 is
equal . Even though Figure 2 depicts prifled circuit board 70 as having two
layers, top layer 76 and bottom |ayer 78, it should be understood by one

skill.ed in the t ted gLLCl oard. 70 y consist of si.n
| ayer or may b%%agen%%%‘ﬂ lE%lr&:ereéleSo %rhg ﬁélﬁﬁ oflr?ﬁfkl?i%rﬁ?é%eﬁn
| ayers. Furthe{ %£e, figgre 2 shows, a, conduit 118 connectlng routing strip
82 to via 84. ~F# ke ei?ERQRﬂ§e&nﬁbﬁ??&ﬁnpa9h%§e83°connects directly to

routing strip 82 wthout a need for conduit 118. Conduit 118,
however, may be uddf 4FingggoldeanballndSOoiasherd pihileadsi tthebrpblisnd 00 or

routing strips
associated with voids around pad areas or under leads caused

by incomplete‘reflow or poor welding of the soldering surface
due to improper flux or badly oxidized surfaces is eliminated.
The problems of coplanarity and ﬁombstoning are also feduced
or eliminated using the solder balls 150 because surface
tension on both sides of the solder balls 150 is equal.

Even though Figure 2 depicts printed circuit board 70 as
having two layers, top 1ay¢r 76 and bottom layer 78, it should
be understood by one skilled in the art that printed circuit
board 70 may consist of a single layer or may be a multi-
layered board having an alternate number of layers.
Furthermore, figure 2 shows a conduit 118 connecting routing
strip 82 to via 84. 1In one alternative embodiment, via 84
connects directly to routing strip 82 without a need for
conduit 118. Conduit 118, however, may be useful for
connecting together a plurality of pads 100 or routing strips

-

82,



82. 21 The above described conponents and their constructions and
interrelation provide an assenbly that is encapsul ated as descri bed bel ow.
The term "assenbly" refers to the assenbl ed conponents prior to
encapsul ati on. The assenbly consists of printed circuit board 70, a silicon
chip 50 and wire bonding 80. The printed circuit board 70 has openi ngs 86
with routing strips 82 and bus bars extending into, or to, the openings 86.
Di sposed on the upper surface 92 of printed circuit board 70, and nore
specifically top |ayer 76, are pads 100 ¥h which solder balls 150 or sol der
colums are positioned for providing electrical connection to a nother- or

si ster-board. The L Or0Cess beqi fter S|I|con Chl 50
has been adhered t\gfhrer |a%tgg§ g?sr%gll 55?"8075}& '%Cgoﬂieclf‘ﬁ FRFEENG b??gt ed

circuit board 70,are then position on a heated pedestal to raise the
tenmperature of? rfchemg‘& ﬂ%\l{) %pfﬁvjaéiep&nnf"sﬁﬁ‘{‘}eaééﬁ heSoferepcapOrieteias A

gold wire having a di aneter tyglcally ranging fromO0.7 ml. to 1.3 ml. is
strung t|1rougrpescr1bed below. " The term “assembly” refers to the assembled

components prior to encapsulation. The assembly consists of
printed circuit board 70, a silicon chip 50 and wire bonding
80. The printed circuit board 70 has openings 86 with routing
strips 82 and bus bars extending into, or to, the openings 86.
Disposed on the upper surface 92 of printed circuit board 70,
and more specifically top layer 76, are pads 100 on which
solder balls 150 or solder columns are positioned for
providing electrical connection to a mother- or sister-board.

The wire bonding 80 process may begin after silicon chip
50 has been adhered to printed circuit board 70. Silicon chip
50 and printed circuit board 70 are then positioned on a
heated pedestal to raise the temperature of the combination to
a point between 100°-300°C. - A gold wire having a diameter
typically ranging from 0.7 mil. to 1.3 mil. is strung through
a heated capillary where the temperature may range between
200°-500°C. A soldering ball is created at the end of the

-

wire using either a flame or a spark technique. This



a heated capillary where the tenperature nmay range between _
200[err]-500[err]C. A soldering ball is created at the end of the wire
using either a flame or a spark technique. Thi s 22 soldering ball is
then brought to bonding pad 120 on the silicon chip 50 and a combination of
conpression force and ultrasonic energy are used to create the desired
nmetal | urgi cal bond. Using this "stitch" technique significantly reduces the
cross-section of the wire at that point. Aloop is created in the wire _
bondi ng 80 above the bond that has just dmen achi eved, and the wi re bondi ng
80 is routed to the desired connection on the printed circuit board 70 such

as routing strj 2 0or bus .bar. The wre ndi ng, 80.js clapped and the
capi | | arygr ai s%g,lgesﬁlc tb?ua;tl te Werrév%ﬁ%‘tﬁq‘%g % RrLis e%“kgﬁ%% g ttE‘E
outer edge of thf%bond. This process is regeated until all the bondlng pads

120 that requi FELEFRRLTHEI5% Gifet iCORPRAE R sPF | EOMPLERSi om0 foree an

electrically connected to printed circuit board 70.
ultrasonic energy are used to create the desired metallurgical

bond.

Using this “stitch” technique significantly reduces the
cross-section of the wire at that point. A loop is created in
the wire bonding 80 above the bond that has just been
achieved, and the wire bonding 80 is routed to the desired
connection on the printed circuit board 70 such as routing
strip 82 or bus bar. The wire bonding 80 is clamped and the
capillary raised, such that the wire bonding 80 will break
free at the outer edge of the bond. This process is repeated
until all the bonding pads 120 that require electrical
connection on the silicon chip 50 are electrically connected
to printed circuit board 70.

Following the assembly of the above-described components,
the openings 86 are filled with potting material 90. The
potting material 90 may attach the printed circuit board 70 to
the silicon chip 50 if an adhesive layer is not disposed

4

between the printed circuit board 70 and the silicon chip 50.



Fol |l owi ng the assenbly of the above-described conponents, the openings 86
are filled with potting material 90. The potting material 90 may attach
the printed circuit board 70 to the silicon chip 50 if an adhesive | ayer is
not di sposed between the printed circuit board 70 and the silicon chip 50.
23 The potting material 90 fills the openings 86 and protects the wire
bondi ng 80 fromthe environnment. The potting material 90 al so hel ps protect
the wire bonding 80 from nmechani cal stress, and provi des nechani cal

support. By using potting material 90 tag fill the openings 86 and protect
the wire bonding 80, the integrated circuit package 30 of the present

Lnvention my e RRAGENNIDLCHs SRS ADLIRSHARCE £A305YEERAE faused

by the use of the potting materials 90 to adh encaps
conponent of t | Nt eqgr.at e ircui,t package 30. By, using.a printed circuit
board 70 havi ngf%é aog‘r%éfl?t Y gfogpe}hei ﬁ§¥l§%r,’merrh%‘ pfyfpﬁt%ﬂ:%dinﬁcﬁ'felb‘&ér 8% s
exposed to |l ess,stress than in conventionally potted and encapsul at ed

integrated cirttf? NSAPR RFMGBeblhfidd renkonding 8 Feeremeshanicehstess,

selected to .
and provides mechanical support. By using potting material 90

to £ill the openings 86 énd protect the wire bonding 80, the
integrated circuit package 30 of the present invention may be
produced with less steps and has decreases warpage caused by
the use of the potting materials 90 to adhere and encapsulate
the component of the integrated circuit package 30. By using
a printed circuit board 70 having a plurality of openings 86,
the printed circuit board is exposed to less stress than in
conventionally potted and encapsulated integrated circuit
packaging because the potting material 90 can be selected to
more closely match the coefficient of thermal expansion of the
printed circuit board 70 and the silicon chip 50.

The potting maferial 90 may be a cyanate ester-type resin
available from Shin-Etsu Chemical Co., Ltd., such as KMC 184VA
and KMC 188VA-4. Other examples of potting materials 90 that
may bé used with the present invention include epoxies,

-

polyesters, polyimides, cyanocacrylates, ceramic, silicone and



nore closely match the coefficient of thermal expansion of the printed
circuit board 70 and the silicon chip 50. The potting material 90 may be a
cyanate ester-type resin available from Shin-Etsu Chenmical Co., Ltd., such
as KMC 184VA and KMC 188VA-4. O her exanples of potting materials 90 that
may be used with the present invention include epoxies, polyesters,

pol yi m des, cyanoacrylates, ceramc, silicone and 24 urethane. The
potting materials 90 may al so contain fillers that affect the coefficient
of thermal expansion, as well as the st2&ngth and flexibility of the
potting material 90. The selection of potting material 90 and fillers wl|

depend on the GPé@ﬂJ}FemS Hée%q tfﬁ lﬁﬁtggg {0tE&Pr, Lreuit acé;,k e 30, as
will be known to those OF SKYT |A|§it 6 art. é‘%gfgrq%%ér%?%%ag %FE&

Potting Resi r]sthat: affect the coefficient of thermal expansion, as well as
the strength and flexibility of the potting material 90. The
selection of potting material 90 and fillers will depend on

the components used to make the integrated circuit package 30,

as will be known to those of skill in the art.



Epoxy Pol yester Silicone Urethane Dielectric constant, D150 60 Hz

3.9 4.7 2.7 5.7 10[err]Hz
3.2 2.7 3.4 Dissipation factor, D150 60 Hz
0.04 0.017 0. 001 0.123 10[err] Hz
0. 03 0. 001 0.03 Dielectric strength, D 149; V/m
450 325 550 400 Vol une resistivity, D 257; [ERRlcm
10[ err] 10[ err] 10[ err] O[err] Arc resistance, D 495;
seconds 150 135 . 1 180 Specific gravity, D792
1.15 1.2 1.05 1.0 Water absorption, D-570; [ERR] 24 h
0.15 0.3 0.12 0.4 Heat deflection tenperature, D-648; at
264 I b/in2, [err]F Properties o#8@ypicaPlfbtting Resinsg0 < 70
Tensi |l e strength,—B638 /T2 9000 10, 900 sild 1000 2000
| npact strength (lzod), D-256; ft [err] |BPPR Folvester Silicone Urethagf g
0.3 a1 e éak cotRapd, epkiseoef ficient of thermal expansion, D-969;
|O[err]/[err]F 60 nz 5.5 2.5 4.7 4.9.7 515 Ther nal
conductivity, C 1978z 3.2 --- 2.7 3.4
Dissipation factor, D-150
60 Hz 0.04 0.017 0.001 0.123
10¢ Hz 0.03 - 0.001 0.03
Dielectric strength, D-149; )
V/mil 450 325 S50 400
Volume resistivity, D-257;
Q- cm 10 10 101 100
Arc resistance, D-495; seconds 150 135 120 180
Specific gravity, D-792 1.15 1.2 1.05 1.0
Water absofption, D-570; ¥ 2¢ h 0.15 0.3 0.12 0.4
Heat deflection temperature, .
D-648; at 264 1lb/in?, °F 380 260 < 70 < 70
Tensile strength, D-638; lb/in? 9000 10,000 1000 2000
Impact strength (Izod), D-256; .
ft * 1b/in 0.5 0.3 No break No break
Coefficient of thermal expansion,
D-969; 10°5/°F 5.5 7.5 4.0 15
Thermal conductivity, C-177;
Btu - in/{h-ft>°F) 1.7 1.7 1.5 1.5
Linear shrinkage; % 0.3 3.0 0.4 2.0
Elongation, D-638; % 3 3 175 300

The present invention, therefore, is directed toward an
integrated circuit package 30 having openings 86 around the

perimeter of printed circuit board 70 allowing for a high

density ball grid array to be disposed around the center of



Btu [err] in/(hft[err]F) 1.7 1.7 1.5 1.5

Li near shrinkage; % 0.3 3.0 0.4 2.0
El ongation, D-638; [err] _ 3 3 175
300 The present invention, therefore, 1is directed toward an integrated

circuit package 30 having openings 86 around the perineter of printed
circuit board 70 allowing for a high density ball grid array to be di sposed
around the center of 26 printed circyit board 70 while having an over al
reduction in'outline and profile. The ﬁﬁ%sent invention also allows for
decreased failure due to the reduced nunber of soldered materials having

varying coeffigiraites ef rbOef Bar@XPENA AR hzt}?ngrﬁ?%rla Y%Aﬁlﬁoﬂr fher

reduces the overall nunber of steps in the assenbl y of, exanpl e, “menory

units by Strea@ﬂi%}é§3£H335?§§?f%ly fﬁéxb 33 9t18 1r1 %éduasgﬁnunbg%FPLg

P ol agso noap I tlohesfgrlng : ePZsZﬁfofhventlon further

fégﬁcggliﬁgeaﬁ%% o e%ndﬁﬁﬁla ﬁetg§p FatBHRers @k egolfered
produci ng Int6¥gégg?1lglgggiég varying coefficients of thermal expansion.
The present invention further reduces the overall number of

steps in the assembly of,. for example, memory units by

streamlining the assembly process not only in reduced number

of steps, but also by elimination the curing steps associated

with a potting step followed by an encapsulation step. The

present invention further reduces the amount of material, and

the types of materials used in producing integrated circuit

packages 30, thereby saving time, money and the environment.

Furthermore, the present invention takes advantage of the

openings 86 in the printed circuit board 70 for potting the

wire bonding 80 that connects the silicon chip 50 and the

printed circuit board 70 in a single step, and to decrease the

stress caused by varying coefficients of thermal expansion.

By filling the openings 86 with potting material 90, the wire

bonding 80 between silicon chip 50 and the printed circuit

-

board 70 is generally protected from the environment in



packages 30, thereby saving tinme, noney and the environnment. Furthernore,

t he present invention takes advantage of the openings 86 in the printed
circuit board 70 for potting the wire bonding 80 that connects the silicon
chip.50 and the printed circuit board 70 in a single step, and to decrease
the stress caused by varying coefficients of thermal expansion. By filling
the openings 86 wth potting nmaterial 90, the w re bondi ng 80 between
silicon chip 50 and the printed circuit board 70 is generally protected
fromthe environnment in 27 general, 2znd nore particularly, protected
fromnoi sture due to the hernetic nature of the encapsul ati on. By filling

t he openings 86, the integrated circuit. package 30.qf the present invention
M ni m zes war ééleer(%SUSaen(fF%?r? HE ilFFg?"é]rPé‘egrPﬂeFﬁ%d GEFt ‘f‘%fsetrﬂrse é‘f‘ettﬁ’er nal
expansi on between the @ninted circuit board 70 and the silicon chip 50. The
potting and eﬁ%ﬁbgﬁFEFiéﬁ getvRe Pht Bl afRERRFH AN HOpac kB ef B ig1o tihe

present invention as described herein also reduces the overal | profile by-
al | owi ng the MPFN3PEF ARG vaherintegrated circuit package 30 of the present

invention minimizes warpage caused by the differences in the
coefficients of thermal expansion between the printed circuit
board 70 and the silicon chip 50.

The potting and encapsulation of the integrated circuit
package 30 of the present invention as described herein also
reduces the overall profile by allowing the non-operative or
backside of the silicon chip 50 to be exposed. A smaller
profile is achieved while at the same time providing for
hermetical protecting of the connections between the silicon
chip 50 and the printed circuit board 70, at the openings 86.
Additionally, 'reduced environmental impact is obtained using
the apparatus of the present invention due to the overall
decrease in the size of the integrated circuit package 30.

While this invention has been described in reference to
illustrative embodiments, this description is not intended to
be construed in a limiting sense. Various modifications and

-

combinations of the illustrative embodiments, as well as other



backsi de of the silicon chip 50 to be exposed. A smaller profile is
achieved while at the sane tine providing for hernetical protecting of the
connections between the silicon chip 50 and the printed circuit board 70,

at the openings 86. Additionally, reduced environnmental inpact is obtained
usi ng the apparatus of the present invention due to the overall decrease in
the size of the integrated circuit package 30. Wile this invention has

been described in reference to illustrative enmbodi ments, this description
is not intended to be construed in a |i#8ting sense. Various nodifications
and conbi nations of the illustrative enbodi nents, as well as other 28

enbodi ment s of o ey siaueat ioggith\éfi |i|nyQﬁt§t|E’1?fi,r€{'iJht Be PEHBAPENS Kid | sgﬁé&é he

art upon reference to the scription. It is theref I ntended that the
appended cl ai 5 GNGATRASE, &N UBla "PEL LSRN RS R SIPORALS. 1t s

therefore intended that the appended claims encompass any such

modifications or embodiments.



29 Vlhat is clained is: 1. An integrated circuit package conprising: a
substrate having a plurality of peripheral openings and first and second
surfaces; a chip adhered to said second surface of said substrate; a
plurality of pads disposed on said first surface of said substrate
generally centralized wthin said peripheral openings of said substrate;
and potting material filling said peripheral openings—2.— _ The integrated
circuit package as recited in claiml wherein said -sgmme has a TiTst
*1Y¢c

and a second layer. 3. - The integrated?@ircuit pack ﬂuﬂ Mmj jgpy cl ai m
1 further conprising a plurality of routing strips b ! Wmh sai d
substrate. 4. a‘l;h%si Q?g%é'i& eictls_ci rcuit package as recited in claifm38
wherein at |east oné of sald ‘pads di sposed on said first 30 surface of
said substrate is ﬁLeCtAﬁCl|éé§r%9Q§eg{§§Lf% %gcﬁgge comprising:
a substrate having a plurality of peripheral openings and
first and second surfaces;
a chip adhered to said second surface of said substrate;
a plurality of pads disposed on said first surface of
said substrate generally centralized within said peripheral

openings of said substrate; and

potting material filling said peripheral openings.

2. The integrated circuit package as recited in claim

1 wherein said substrate has a first and a second layer.

3. The integrated circuit package as recited in claim
1 further comprising a plurality of routing strips being

integral with said substrate.

4. The integrated circuit package as recited in claim

3 wherein at least one of said pads disposed on said first

e



| east one of said routing strips. 5. The integrated circuit package as
recited in claiml further conprising at | east one solder ball disposed on
one of said pads. 6. The integrated circuit package as recited in claim1
further conprising a plurality of solder balls disposed on said pads
formng a high density ball grid array. 7. The integrated circuit package
as recited in claiml wherein said potting nmaterial adheres said chip to
said substrate. 31 8. An integrated circuit package conprising: a
substrate having a plurality of periphesal openings and first and second
surfaces; a plurality of routing strips being integral with said substrate;

a plurality of spads dizpased g&ﬂ;méey i@ e3abAriLEply WAk ea?lilRASE ONE

of said pads belng electrlca y connected wt | east one o sai routing
e 19A5F one OF St routing seriee O
* . [ :L ] .s * -
S. The integrated circuit package as recited in claim

1 further comprising at least one solder ball disposed on one

of said pads.

6. The integrated circuit package as recited in claim
1 further comprising a plurality of solder balls disposed on

said pads forming a high density ball grid array.

7. The integrated circuit package as recited in claim
1 wherein said potting material adheres said chip to said

substrate.



potting material filling said plurality of peripheral openings; a chip
having a plurality of bonding pads adhered to said second surface of said
substrate; and wire bonding electrically connecting said chip to said
substrate between said bonding pads and said routing strips. 9.  The
integrated circuit package as recited in claim8 further conprisimngat—

| east one sol der ball disposed on one of said pads. :“mﬂmmbw
integrated circuit package as recited imilclai m9 wher , *#tﬂ one
sol der ball is between about 8 and 20 nils in dianeter! 19. The I at ed
circuit package as recited in cIa|n18 further conprising a plurality of

12. “The i ni corat b el r U O RSRAGE ASLu BRCKASE) ST aMErei 1 said chi b

12. The integrated ¢ircuit pa age a3
bout. 10, and 20 m | s.
has a thickness begmeebstarate having a plurality of peripheral openings and

first and second surfaces;

a plurality of routing strips being integral with said
substrate;

a plurality of pads disposed centrally on said first
surface, at least one of said pads being electrically
connected with at least one of said routing strips;

potting material filling said plurality of peripheral
openings;

a chip having a plurality of bonding bads adhered to said
second surface of said substrate; and

wire bonding electrically connecting said chip to said

substrate between said bonding pads and said routing strips.

9. The integrated circuit package as recited in claim
8 further comprising at least one solder ball disposed on one

of said pads.



13. The integrated circuit package as recited in claim8 wherein said
substrate has a thickness of between about 8 and 28 mls. 14. The
integrated circuit package as recited in claim8 wherein said substrate has
first and second | ayers and wherein said first |ayer has a thickness of
about 12 mls and said second | ayer has a thickness of about 8 mls. 33
15. The integrated circuit package as recited in claim®6 .wherein said
substrate has first, second and third |ayers and wherein said first |ayer
has a thickness of about 12 nmils, said S$&wond | ayer has a thickness of
about 8 mls and said third |layer has a thickness of about 8 mls. 34
16, An intearated Qi ol PACkage Ca Bl SV ASYR L SN M Biain

9 wherein said at least one solder ball is between about 8 and
70 mite fn danerer OO D
* [+ L M S %

11. The integrated circuit package as recited in claim

8 further comprising a plurality of solder balls disposed on

said pads forming a high density ball grid array.

12. The integrated circuit package as recited in claim
8 wherein said chip has a thickness between about 10 and 20

mils.

13. The integrated circuit package as recited in claim
8 wherein said substrate has a thickness of between about 8

and 28 mils.

14. The integrated circuit package as recited in claim
8 wherein said substrate has first and second layers and
wherein said first layer has a thickness of about 12 mils and

-

said second layer has a thickness of about 8 mils.



first and second surfaces and an outline; a plurality of routing strips
being integral with said substrate; a plurality of pads. centrally disposed
on said first surface at | east one of said pads being electrically
connected with said routing strips; a chip adhered to said second surface
of said substrate, said chip having an outline that is substantirally the
sanme as said outline of said substrate and having a pl rl m m g
pads; wire bonding electrically connecting said bondi ng n u;mmlr
routing strips; vias connecting said rodging strips to Sai €l p‘ads" pot ti ng
material filling said peripheral openings and covering said w re bonding

and sai d bondi ng s I‘%le dé)fjart%ld uro&ltsog%dcq{a aI I S c(fe{g%réil cgia; osed
ra a

on sai d pads di sposed on sail iTSt SUfTace d%§ub orm
hi gh density E)a‘lﬂﬂegy d array.

35
in said substrate has first, second and third layers

and wherein-said first layer has a thickness of about 12 mils,
said second layer has a thickness of about 8 mils and said

third layer has a thickness of about 8 mils.



17. -The integrated circuit package as recited in claim16 wherein said chip
has a thickness between about 10 and 20 mls. C L M S 18. The
Fntegrated circuit package as recited in claim 16 wherein said substrate
has a thickness of between about 8 and 28 mls. 19. The integrated circuit

package as recited in claim 16 wherein said substrate has Tirst and second
| ayers and wherein said first |ayer has a thickness of abo

said second | ayer has a thickness of about 8 mls. 20. The I“ﬂmimuﬂ fmﬂ“"l
circuit package as recited in claim216 wherein said substrat*e lKastfi¥tsts, =

second and third layers and wherein sai 34 irst |ayer has a thickness of
about 12 mls, said_secpond, |a er

third layer has a thickies®h BS%tc’grérﬁr}{tc§g%ﬁ§g8f Ml @M | S and said

a substrate having a plurality of peripheral openings,
first and second surfaces and an outline;

a plurality of routing strips being integral with said
substrate;

a plurality of pads centrally disposed on said first
surface at least one of said pads being électrically connected
with said routing strips;

a chip adhered to said second surface of said substrate,
said chip having an outline that is substantially the same as
said outline of said substrate and having a plurality of
bonding pads;

wire bonding electrically connecting said bonding pads to
said routing strips;

vias connecting said routing strips to said pads;

potting material filling said peripheral openings and
covering said wire bonding and said bonding pads; and

a plurality of solder balls centrally disposed on said
pads disposed on said first surface of said substrate forming

-

a high density ball grid array.
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17. The integrated circuit package as recited in claim

16 wherein said chip has a thickness between about 10 and 20

e, [

18. The integrated circuit package as recited in claim
16 wherein said. substrate has a thickneés of between about 8

and 28 mils.

19. The integrated circuit package as recited in claim
16 wherein said substrate has first and second layers and
wherein said first layer has a thickness of about 12 mils and

said second layer has a thickness of about 8 mils.

20. The integrated circuit package as recited in claim
16 wherein said substrate has first, second and third layers
and wherein said first layer has a thickness of about 12 mils,
said second layer has a thickness of about 8 mils and said

third layer has a thickness of about 8 mils.



