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DOUBLE SIDED INTEGRATED CIRCUIT PACKAGE

FIELD OF THE INVENTION

The present invention relates in general to the field of
integrated circuit packages and more specifically to
substantially f1at, double sided integrated circuit packages

and a method for producing the same.



BACKGROUND OF THE | NVENTI ON Wthout |limting the scope of the
*invention, its background is described in connection with integrated
circuit packages, as an exanple. Heretofore, in this field,
integrated circuits have been formed on sem conductor wafers. The wafers
are separated into individual chips and the individual chips are then
handl ed and packaged. The packagi ng prgcess is one of the nost critical
steps in the integrated circuit fabricafion process, both from the point
of view of cost and of reliability. Specifically, the packaging cost can

easily exceed the cost of G I | fig¢EfyTeBlp and the mpjority of.
device failures are packaging related. e Integrated circuit nust

be packaged i suitable .pedia that will protect, it i equent |
nanufacturing%ﬁka%?tan lT%gﬁF?heggﬁviﬁgﬁﬁgﬁto iﬁ%?irébﬁ%%@lgﬁpli&EFion
Wre bonding and encapsul ation are the two nmain steps in the _ packaging
process. bAckormA s desreiked hin | corpest et Wethchnpegsatfd CAreLAdl s of

the package. The terminals allow the integrated circuit package to be
connect edbdckayde] as an example.

Heretofore, in this field, integrated circﬁits 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
integréted circuit.chip and the majority of device failures
are packaging related.

The integrated circuit must be packaged in a suitable
media that will protect it in subsequent manufacturing steps
and from the environment 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

integrated circuit package to be connected to “other



3 conponents. Follow ng wire bonding, encapsulation is enployed to seal

-the surfaces fromnoi sture and contam nation and to protect the wire
bondi ng and ot her conponents from corrosion and nechani cal shock.
Conventionally, the packaging of integrated circuits has involved
attaching an individual chip to a |ead frame, where, following wre
bondi ng and encapsul ati on, designated parts of the |ead franme becone the
term nal s of the package. The packagir’ng of integrated circuits has al so
i nvol ved the placenment of chips on a flexible board where, follow ng

bondi ng. SrEpeaich oo R (A58, Borkiiad B R OmiS SR Y bl o

board to seal apd protect_the chip and,other _copponents, .

Onfor  unai ) 5o oLy ERe SRR Tom CRRAEHFR: ARDL SRLgRination and to
protect the wire bonding and other components from corrosion
~and mechanical shock.

ConQentionally, the packaging of integrated circuits has
involved attaching an individual chip to a leéd frame, where,
followiné wire bonding and encapsulation, designated parts of
the lead frame become the terminals of the packége. The
packaging of inteérated circuits has aléo involved the
placement of chips on a flexible board where, following
adhesion of the chip to the surface of the flexible board and
wire banding, 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 silicén
‘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 plégued the industry

because of differences in the coefficient of thermal expansion



chi ps have led to various 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 pl agued the industry because of differences in the coefficient of
t hermal expansi on 4 of the

di fferent conponents, for exanple, betwegn the soldering nmaterials at the
different interfaces and between netallic and non-netallic conponents.
Cracking is also frequent between t.he silicon wafer and the encapsul ati on

mat eri al spfusudld y @ppféesent du€ompPohBRt8Xt I €k Vaxanples ibetvwesmperehyr e
I n various environnents and between periods of operation and

Lot |
esenbl ed SR N TR A o P e T 1 Canol hoe Tprae ] e aentl )

encountered Once, the silicon chi
etallic and non-metallic cod%onents. Cracklng is also

frequent between the silicon wafere 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 of vapor saturated heating. This process, however, can
lead to poor coplanarity due to uneven'refiow, leading to
integrated circuit failure.

Therefore, a need has arisen for a double 'sided
integrated circuit package and a process for producing a
double sided integrated circuit package. A need has also
arisen for materials and methods that lead to increased yield
by more closely matching the coefficient of thermal expansion

of the materials used in the package. Further, a need has



encapsulated it is typically surface nounted using radiant heat or vapor
"saturated heating. This process, however, can |ead to poor coplanarity due
to uneven reflow, leading to integrated circuit failure. : Ther ef or e,
a need has arisen for a double sided integrated circuit package and a
process for producing a double sided integrated circuit package. A need
has also arisen for materials and netho that lead to increased yield by
nore closely matching the coefficient of ‘thermal expansion of the
materials used in the package. Further, a need has
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protection during subsequent manufacturing and testing steps and fromthe
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subsequent manufacturing and
testing steps and from the environment of its intended

purpose.



6 SUMVARY OF THE | NVENTI ON The present invention

*di scl osed herein conprises a double sided integrated circuit package and a
process for producing a double sided integrated circuit package that
protects the conponents of the integrated circuit package during
manuf acturing and testing steps and fromthe environment of its intended
pur pose. The doubl e si ded integratgd circuit package of the present

i nvention conprises a substrate having an opening and first and second
surfaces. A plurality of routing strips that are integral with the

substrate and extend into t3QMEBS%%@?LJ&#&E&B&Q#ﬁ%%&Of pads are di sposed on
the first and second surfaces. €ast one o e pads di sposed on the
first surface_and at |east one of the pads di.sposed on the secon

surfaces are e?gﬁtPF%%T?§ %QNﬁﬁﬁﬁQ&i%%%é#?ﬁeéi CPNSDPRES 2 Huble

sided integrated circuit package and a process for producing
a double sided integrated circuit package that protects the
components of the integrated circuit package during
manufacturing énd testing steps and from the environment of
its intended purpose.

The double sided integratéd circuit package of the
present invention comprises a suhstrate having an opening and
first and second surfaces. A plurality of routing strips that
are integral with the substrate and extend into the opening.
A plurélity of pads afe disposed on the first and second
surfaces. At least one of the pads disposed on the firgt
surface and at least one of the pads disposed on the second

~surfaces are electrically connected with at least one of the
routing strips. The double sided integrated circuit package
also including at least one via electrically connecting the
pads disposed on the first sufface with the pads disposed on
said second surface. A chip is adhered to each of the

substrates. The chip has bonding pads disposed thereon. Wire



routing strips. The double sided integrated circuit package also
‘including at | east one via electrically connecting the pads di sposed on
the first surface with the pads di sposed on said second surface. A chip
i s adhered to each of the substrates. The chip has bondi ng pads dlsposed
thereon. Wre ' 7 bondi ng

electrically connects the bonding pads to the routing strips. A potting
material in the opening provides protection to the w re bonding. The
integrated circuit package further includes bus bars being i nt egral mﬁth

th bsty at d ndi [
connect s BnFual; e3fEtScarhy BoRabHEs, SE bR pt Rady s RE R EEMEGE
pads disposed on the first and the second surfaces of the substrate.

The doubl BtEiBEd |iMiRYFEIRY Batexial fdt kdife Bening Rhraddas prptactdon
I ncl ude sol der balls |ocated on the pads
to the wire bonding.

The integrated circuit package further includes bus bars
being integral with the substrate and . extending into the
openings. The bus bar electrically connects at least one of
the bonding pads of the chip to aé least one the pads disposed
on the firét and the second surfaées of the substrate.

The double sided integrated circuit package of the
present may also include solder balls located on the pads
disposed on the first surface of the substrate.
Altern;tively, the double sided integrated circuit package of
the present invention, may include solder balls located on the
pads disposed on the second surface of'the substrate. In
another embodiment, the double sided integrated circuit
package of the present invention may include solder balls
located on the pads disposed on the first surface andlthe

second surface of the substrate.



di sposed on the first surface of the substrate. Alternatively,
"the double sided integrated circuit package of the present invention, may
i nclude solder balls |ocated on the pads disposed on the second surface of
t he substrate. In another enbodi nent, the double sided integrated
circuit package of the present invention may include solder balls |ocated
on the pads disposed on the first surface and the second surface of the
substrate. 8 8 BRI EF
DESCRI PTION OF THE DRAWNGS For a nore conpl ete understandi ng of the

features and advantagesgfrtHEsER LEETEN! 5¥egh§o®“g%§nce i's now made to
the detailed description o e rnventron along w € acconpanying
figures in whigh corresponding.nunerals in the, different figures refer to
cor respondi ng ESFt & dﬁ‘a‘?‘? nc\%‘g&ﬁge undserlﬁrl‘g?}?‘i“igi ?fg @?%%FgFBHegn@n“{
cross-sectional view of an

advantages of the present invention, reference is now made to

the detailed description of the invention along with the
accompanying figures in which corresponding numerals in the
different figures refer to corresponding parts and in which:

Figure 1 is a simplified end cross-sectional view of an
integrated circuit package of the present invention;

Figure 2 is a simplified top view of an integrated
circuit package of the present invention;

Figure 3 is a simplified end cross-sectional view of an
integrated circuit packagelof the present invention;

Figure 4 is a simplified end crqss—sectional view of an
integrated.circuit package of the present invention; and

Figure 5 is a simplified top view of an integrated

circuit package of the present invention.



integrated circuit package of the present invention; Figure 2 is a
‘'sinplified top view of an integrated circuit package of the present

i nventi on; Figure 3 is a sinplified end cross-sectional view of an
integrated circuit package of the present invention; Figure 4 is a
sinplified end cross-sectional view of an integrated circuit package of
the present invention; and Fi gure is asinplified top view of an
integrated circuit package of the present invention.

9 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Wi | e t he maki ng

and using of various ﬁg@g@tgﬁnbgSghIgﬁgxnggggg%gihﬂggggtgggare di scussed in
detail below, it shou e appreciated that the present 1 nvention provides

many  appl | Cabh%iilrév%?}ei \ﬁ%k%%réc%gds u\gling] o(;‘:ar\]rat%-eioeu Oeqtilbeéjdiil{'ex?tsm cgjf the

present invention are discussed in detail below, it should be
appreciated that the bresent invention provides many
applicable invgntive 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 circuits using a board-on-chip design having a
double.sided substrate to achieve high speed performance and
-to meet the space -constraint requirements of modern
semic§nductors. The principles of the present invention may
be incorporated into, for gxample, a synchronous DRAM (SDRAM)
silicon chip. However, the present invention is also
applicable to LOGIC, SRAM, EPROM and any otﬂer integrated
circuit components.

Figure 1 is a simpiified cross-sectional view of an

integrated circuit package that is generally designated 30.



vari ety of specific contexts. The specific enbodi nents 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 high frequency integrated circuits using a board-on-chip design
having a double sided substrate to achieve high speed performance and to

neet the space constraint reqU|reneqbs nodern sem conductors. The
princi ples of the present invention may ™ be |ncorporated into, for exanple,
a synchronous DRAM (SDRAM  silicon chip. However, the present

| nvent | 02'5‘ ¢ $ntdly te@ipB'lk‘éﬁ?LcepLQk&Sg‘l_So §§ﬁ%i§§§o¥ QE?i?B% dc?ﬁf‘ﬁrso,

i nt egr at

circ conponent's 'S a sinp
Cross-sec al V|em10f an |nteqfated circuit éa e that is generally
desi gnat & :é% can for exam any 1nteg yﬁyult component

such as a DRAM, an EPROM, a SRAM or a LOGIC chip. A printed
circuit board 70 is attached to the silicon chip 50 by an
adhesive layer 60. The adhesive léyer 60 may be made of, for
example, a double-sided adhesive polyamide tape, adhesive glue
Oor epoxy. The printed circuit board 70 consists of four
layers, a top layer- 72, an intermediate layer 74, an
intermediate layer 75, énd a bottom layer 78.

The printed circuit board 70 may be constructed from a
material such as FR-4 which is available from, for example,
Motorcla Inc., U.S.A. FR-4 is én epoxy resin reinforced with
a woven gléss cloth. 1In éelecting the material for printed
circuit board 70, one skilled in the art will recognize that
four parameters should be conside;ed, namely, thickness,
dielectric constant, glass transition temperature and the’
coefficient of thermal expansion.

Thickness is dependant on the number of layers required
and the amount of reinforcement used in a given layer. The

reinforcing glass cloth can range in thickness from 2 mil per



The integrated circuit package 30 conprises a silicon chip 50, which can
"be, for exanple, any integrated circuit conponent such as a DRAM an
EPROM a SRAMor a LOG C chip. A printed circuit board 70 is attached to
the silicon chip 50 by an adhesive |ayer 60. The adhesive | ayer 60 may be
~made of, for exanple, a double-sided adhesive pol yam de tape, adhesive

glue or epoxy. The printed circuit board 70 consists of four |ayers, a
top layer 72, an internediate |ayer 74, Hn internediate | ayer 76, and a
bottom | ayer 78. The printed circuit board 70 may be constructed from

a materiglestiCh3pdR186PNi €h iabcnai lsgabhelrf resr fgHeaxanepe Hobenel a
Inc., US A FR47i's an epoxy resin reinforced wwth a woven glass cloth.

art wi |1 PECRSATEES: Rty bhr Abearirsuby B SofBiadtist hofpe” 1
t hi ckness, dielectric _constant, glass transition tenperature and the
coeffici ergstr waednandekbanthdgkness anfitoerRfiseyBheRASHENENUERE -
nunber of layers required and the anmount of reinforcement used in a given
| ayer. Thetan&anfloFR-Aghgisass dieldcicahcr eogetantt Wi kalesst f4 08 2 mhlisper
constant can be reduced to about 3 by replacing the epoxy
resin with a cyanate ester resin. The greater 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
Tg- Sténdard FR-4 is made with a bifunctionally polymerizing
epoxy that has a T; 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
cyanate ester:epoxy blend can be used. Additionally,
polyimides provide for printed'circuit boards having a T,
above 250 °cC.

The coefficient of thermal expansion for FR-4 is about 16

ppm/°C. A difference in the coefficient of thermal expansion



sheet (type 106) to about 8 m| per sheet (type 7628). Dielectric constant
is determ.ned by a conbination of the resin used and the thickness and
type of reinforcenent used. Standard FR-4 has a dielectric constant of
about 4.5. This constant can be reduced to about 3 by replacing the epoxy
resin wwth a cyanate ester resin. The greater the thickness, however, the
greater the problenms associated with thickness control, rough surfaces,
excessive drill reflection and poor resen refill. The tenperature at
which a resin changes froma glass- |ike state into a "rubbery” state is

gener al | yostaséanat ne %S::Ln'&bd e pduddi §oMaESieN flbR ﬁ’fhw“&haO'Eﬁ' 'y
polyner|2|ng epoxy that has a Tg of about 110[err]C. H gher
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[err]Ciapackage 30 during, not only the assembly of the integrated
circuit package 30, but also during the use of integrated
circuit package 30.

The adhesive layer 60 may be Hitachi HMi22u.
Alternatively, the silicoh chip 50 can be adhered to the
printed circuit board 70 with a die bonding film such as
HIATTACH-335 (DF-335) manufactured by Hitachi Chemical Company
of Tokyo, Japan. HIATTACH-335 (DF-335) is silver filled
thermosetting type resin film for die-attaching. The bonding
process generally involves attachiﬁg the film on the printed
circuit board 70 at 160° C for 5 seconds with an applied force

of 1000-3000 grams; then attaching the silicon chip 50 on the

film at 220° C for 5 seconds under a force of 150-200 grams.



cyanat e

during the use of
60 may be Hi

can be adhered to thed %hj
such as

ester:epoxy blend can be used.

I nt egrated

Addi tionally,

pol yi m des

- provide for printed circuit boards having a Tg above 250 [err]C. The
coefficient of thermal expansion for FR- 4 is about 16 ppm[err]C A
difference in the coefficient of thermal expansion

12 between the printed circuit board 70 made from FR-4 and the silicon
chip 50 can lead to failure of the inte rated circuit

package 30 during,
not only the assenbly of the integrated

3circuit package 30, but al so

circuit package 30.
%#Q- e tlikg silicon chip 50

pri ngf circui tébgboargﬂéoiS 2 er %l e bonding film

H ATTACH 335 (DE-2335) nanufactured by HIfQPhl

The adhesive

Chemcal (“nnrh:\rujl of

Jaeas. H ATTACHra®rks ( DF- 335) Uhstssi | ver fill enF-335
Appearance Visual - silver film
Solid Content 200°C-2h wts 296
Ash Content 600°C-1.5h wt$ 40
Ash Content/ 600°C-1.5h wt¥/solid 42

Solid

Thickness Dial gauge ©m 25

Tensile R.T. kgf /mm? 7.1

Strength

Tensile R.T. kg £ /mm? 271

Modulus

Die shear 4x4mm chip/Ag kgf/chip

strength plated alloy 42

R.T. 210
250°C 0.9

Peel strength 8x8mm chip /bare kgf/chip 23.0

240°C (after/ alloy 42

85°C 85%,48h)

Tg TMA, 180°C-1h °c 123

cured
Modulus Viscoelastic Mpa 1300
spectrometer
Moisture 85°C/85%RH, 48h wtd 0.1
Other examples of adhesives .include thermosetting

adhesives, such as epoxies, polYimides and silicone.

Thermoplastic adhesives that are hot-melted, in the form of

sheets or as a pressure sensitive adhesive tape may also be

used to adhere silicon chip 50 to the printed circuit board



t hernosetting type resin filmfor die-attaching. The bonding process

‘general ly involves attaching the filmon the printed

160[ err]

attaching the silicon chip 50 on the filmat 220[err] C for 5 seconds
under a force of 150-200 grans.

13 DF-335 has the followi ng properties Test

Remar ks Units DF- 385 Appearance Vi sua
silver film Solid Content 200C- 2h . Wt % [err] 96
Ash Cont epyg

600[err][err]C—

gauge

ﬂﬂ?ﬁfyr §é& §Pe adheéMv@ tzpes bas@a MheCABEBREYS,
1 solid Thi ckness
311lconés or acrylics!%ecause of their ease of use and easy
incorporation into production.

Referring collectively to Figures 1 and 2, intermediate

layer 74 has routing strips 82 that are electrically connected

through vias 84 to pads 100 located on top surface 92 of top

- layer 72 and bottom surface 94 of 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
fbr illustration purposes only, as the integrated circuit
package 30 of the present inventioh can be assembled and used
in a variety of positions and ways.

Intermediate 1ayer.76 includes a pair of bus bars 110.
The bus bars are electrically connected thrdugh vias 84 to one
or more of the pads 100. The bus bars 110 may serve, for
example, as power supplies or grounds, and ié is preferred
that one bus bar 110 serve one function, such as a power

supply, and the second bus bar 110 serve another function,

such as a ground.

circuit board 70 at
C for 5. seconds with an applied force of 1000-3000 grans; then

D al



Tensil e RT. ° kgf /mierr] 7.1 Strength Tensile

R T. kgf/ mi err] 271 Modulus Die shear . 4x4mm
chi p/ Ag kgf/chip strength pl ated all oy 42 R T.

[err] 10 250C 0.9 Peel
strength 8x8mm chi p /bare kgf/chip [err]3.0 240[err]C (after/
all.oy 42 85[err] C 85%48h) Tg TMA, 180[err] G 1h [err]C
123 cured Modul us 15 Vi scoel astic Mpa

1300 spectroneter Misture - 85[err] 0859+, 48h
wt % _ #né silicor® REfip O%ATPHES  PonAMUYFS P 1! "j.g)%ated

t hernosetti ng adhesives, suc as epoxies, ol yI'mdes an
silicone. her ast adhesi ves t hat ot-nelted, _in the form of

sheet s orgggegag?gséﬁr jéﬁgeﬁg?f'?'ﬁ %H%%s?gresejt ORGP R0 he Thes RPrbingiher e

silicon chip 50 to the printed circuit board
pads 120 are connected to routing strips 82 and bus bars 110

by wire bonding 80. Solder balls 150 are located on pads 160
to allow integrated circuit package 30 to be attached to other
components, such as a mothérboard or a single in-line memory
module.

Even though Figure 1 depicts printed circﬁit board 70 as
having four layers 72, 74, 76 and 78, it should be understood
by one skilled in the art that printed circuit board 70 may
consist of a single layer br may be a multi-layered board
having an alternate number of layers.

The above described components and théir constructions
and interrelation provide an assembly that is encapsulated as
described bélow. The term “assembly” refers to the assembled
components prior to encapsulation. The assembly consists of
printed circuit board 70, adhered silicon chip 50 and wire
bonding 80. The printed circuit board 70 has a top opening 86

and a cavity 88 with routing strips 82 and bus bars 110



14 70. Commonly used are adhesive tapes based on el astoners, silicone

acrylics

because of their ease of use and easy incorporation into

S or

producti on. Referring collectively to Figures 1 and 2, internedi ate

| ayer 74

has routing strips 82 that are electrically connected through

vias 84 to pads 100 |l ocated on top surface 92 of top l|ayer 72 and bott
surface 94 of bottomlayer 78. It should _be understood by one skilled
the art that the terns "top" and "bottom® as well as the terns "side"
"end" are used for illustration purposes only, as the integrated circu

prckage, xSladliqnisesrink GgIGMGRN OF, TR Y57 e

of positi
bars 110.

or more of2Yh

The b bars are el.ectrically connected through vias 84 to o
gypggsafﬁo.ope’f‘h@”%%‘s rt?é"rpse‘{tld:‘?réif’%e?%?{‘?ﬁr exanpl e, as

power supplies or grounds, and it is preferred that one bus bar 110 se
one function, Thehwiseabpodéng 80pprocesadmaebegiondfives sl ithh wdriye
anot her function,

S0 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 i.3 mil. is s.:trung through
a heated capillary where the temperature may range between
200°-500°C. A soldéring ball is created at the end of the
wire using either a flame or a spark technique. This
soldering ball is then brought to bonding.pad 120 on the
silicon chip 50 and a combination of compression force and
ultrasonic enefgy are used to create the desired metallurgical
bond. - Using this “stitch~ technique significantly reduces the
crosé-section of the wire at that point. A loop is then
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 110. The wire bonding 80 is

om
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and
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such as a ground. 15 The
“sil'icon chip 50 has bondi ng pads 120 | ocated generally in the central
of silicon chip 50. The bonding pads 120 are connected to routing strips
82 and bus bars 110 by w re bonding 80. Solder balls 150 are | ocated on
to allowintegrated circuit package 30 to be attached to ot her

pads 100
conponent

s, such as a notherboard or a single in-line nmenory nodule.

Even though Figure 1 depicts printed cilcuit board 70 as havi ng four

| ayers 72, 74, 76 and 78,

art that
a nmulti-|
above des

ar ea

it should be understood by one skilled in the

Eiéﬂggﬁ ShECHhe RAYid 120-/h i SORST ShcRf tRadl Eﬁleedi%)ée'bo‘?fdiﬁgg}’ be

ayer board having an alternate nunber of |ayers. T
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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—deécribed components,
cavity 88 and top opening 86 are filled with potting material
90 as represented by the dashed line above top opening 86 and
below cavity és. |

The potting material 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 that may
be used with the present invention include epoxies,
polyesters, polyimides{ cyanoacrylates, ceramic, silicone and
urethane. The potting materials may also contain fillers that
affect the coefficient of thermal expansion, as well as the
strength and flexibility of the potting material. The
selection of potting materials 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.



descri bed below. The term "assenbly" refers to the assenbled conponents
prior to encapsul ation. The assenbly consists of printed circuit board 70,
adhered silicon chip 50 and wire bonding 80. - The printed circuit board 70
has a top opening 86 and a cavity 88 with routing strips 82 and bus bars

110 16 extending into the top
openi ng 86. The top opening 86 and the gavity 88 are open with respect to
one anot her. The wire bonding 80 process nay begin after silicon chip

50 has been adhered to printed circuit board 70. Silicon chip 50 and
printed circuit boar dPropartiehenf pbypicaheHobning Reatimd pedestal to raise
the tenperature of the conbination to a point between 100[err] 300[err]C

A gold wTe having a araneter typrcarty rdnglugiurunlu 7T —to—31—=S—m .
is strung_through a heated capillary widPEYt hBCYERHET atUrecImsy Uapihane
bet ween 283QpeetdicO8G2ant Cp-14p sol dering ball is created at the end of the
60 Hz 3.9 4.7 2.7 5.7
10¢ Hz 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 450 325 550 400
Volume resistivity, D-257;
Q- cm ’ ©10%s 1014 103 1013
Arc resistance, D-495; seconds 1s0 138 120 180
Specific gravity, D-792 1.18 1.2 1.05 1.0
Water absorption, D-570; % 24 h " 0.18 0.3 0.12 0.4
Heat deflection temperature,
D-648; at 264 1b/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 thérmal expansion, .
D-969; 10°5/°F 5.5 7.5 4.0 15
Thermal conductivity, C-177;
Btu - in/ (h-£t*°F) 1.7 1.7 1.8 1.8
Linear shrinkage; % 0.3 3.0 0.4 2.0
Elongation, D-638; % 3 3 175 300

The solder balls 150 used with the present invention may
be attached to the pads 100 using conventional solder reflow

Systems. For example, a vapor phase solder reflow system may



wire using either a flane or a spark technique. This sol dering bal

is then brought to bonding pad 120 on the silicon chip 50 and a

conbi nati on of conpression force and ultrasonic energy are used to create
the desired netallurgical bond. Using this "stitch"technique
significantly reduces the cross-section of the wire at that point. A

|l oop is then created in the wire bondir¥b 80 above the bond that has just
been achi eved, and the wire bonding 80 i's" routed to the desired connection
on the printed circuit board 70 such as routing strip 82 or bus bar 110.

The wi repRongidy, 8Qhiieh condens £ d the inté @%E‘Ped
and the capillary raised, such t?}sat Vta gr\M_ r% g(l)lrf(flor?él 80 §7‘m IlI blseli ree at

bondi ng. FAE9150 RAGKRSY ogli PBSGItha FYELREeoniaceins Gt 4P| MY G p 50

are electrically connected to printed circuit board 70. _
cloud of steam. A liquid, such as a nonchlorinated (non CFC)
fluordcarbon is first heated with enough energy to form a
vapor and to sustain a vapor cloud. When the integrated
circuit package 30 is then passed through the vapor, the
vaporized liquid condenses thereon and gives off the latent
heat of vaporization. This energy is then transferred to the
integrated circuit package 30. As long as the integrated
circuit package 30 remains in the vapor, the vapor continues
to give off energy at a repeatable fixed rate and temperature,
uﬁtil the integrated circuit package 30 reaches the
temperature of the vapor.

The advantage of using a nonchlorinated fluorocarbon is
that it is extremely thermally stable, colorless, odorless and
nonflammable. In additidn, 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 flukes or component matefials,

nor does it absorb oxygen or other gases that cause reactions



Foll owi ng the assenbly of the above-described conponents, cavity 88 and
top opening 86 are filled with potting material 90 as represented by the
dashed |ine above top opening 86 and below cavity 88. The potting
material 90 may be a cyanate ester-type resin avail able from Shin-Etsu
Chem cal Co., Ltd., such as KMC 184VA and KMC 188VA-4. O her exanpl es of
potting materials that may be used with Lpe present i nvention include
epoxi es, polyesters, polyimdes, cyanoacryl ates, ceramc, silicone and
uret hane. The potting materials may also contain fillers that affect the
coef fi ci erturding hethel sXERNST Aaflase el | Massd h%ouﬁﬁémmﬁn%véifébby ity

of the pottlng mat eri al . The selectlon of potting materials an
fillers w c 0 io t CUIt
package 35 as EEH%% Bedl HRONENGr |Fg?§8¥’h%§'aer trE.°qu““afa ed'tg
18

vaporize at precisely stable reflow temperatures for different
solder materials, as will be known to those skilled in the
art.

The vaporization temperature will depend on the solder
type being used. A Dbrief 1list of thé non-chlorinated

fluorocarbons that are used as vapor fluids is shown below.



Properties of Typical Potting Resins

"Epoxy Polyester Silicone Urethane D electric constant, D 150 60
Hz 3.9 4.7 2.7 5.7
10[err] Hz 3.2 --- 2.7 3.4
Di ssipation factor, D 150 60 Hz 0.04
0. 017 0. 001 0.123 10[ eryy Hz 0.03
--- 0. 001 0.03 Dielectric strength D 149; Viml.
450 325 550 400 Vol une resistivity, D 257; [err]
cm Vaporieidn Terffeatfires and $O[Ldex] Types 10[err] Arc
resi stance, D-495; seconds 150 135 120 180
Speci fi ¢ gravty—b—792 15 2 705 -0
Wt er absoFpuiénTeBpSTEEWER4 h 0.15 Sojder Type ¢ 12 0.4
Heat def| ectiomt enper arure, X643, al lf nZ, [err|F 380
260 56 $§, 97, 1019 102 'Fer?é}q e st reﬁr%j 638: | b/| n2 19000
10, 000 15506600 2000 | npact strengk ) Pbfpo5En ft *
| b/in 0.5 0.3 br eak
Coef fi ci ent-68f Ct her mal expansi on, D- 9764;0511}§€ }\?%r T'F
5.5 7.5 4.0 15  Thermal’¢ ty C 177,
Btu * in/( qt7t42'c':) 1.7 1.7 60 In/4c}'§b 1.5

190°C 90 In/10 Ag

S0 In/50 Pb
63 Sn/37 Pb
70 Sn/30 Pb
60 Sn/40 Pb

215°C and 230°C 60 Sn/40 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. In such a system each component of the soldering
system is directly exposed t;.o radiation from a heating
element. Heat from the radiant energy element is absorbed by
the different components according to its molecular structure.

Conventional radiant heat systems expose only the outer

surfaces of the components to the radiant heat, which may not



Li near shrinkage; % 0.3 3.0 0.4 2.0
*El ongation, D-638; % 3 3 175 300
The 'sol der balls 150 used with the present invention nmay be attached to
t he pads 100 using conventional solder reflow systens. For exanple, a
vapor phase sol der reflow system may

19 be used, which condenses vapor to surround the integrated circuit
package 30 and the printed circuit board4%0 with a cloud of steam A

|l i quid, such as a nonchlorinated (non CFC) fluorocarbon is first heated

W th enougdaErnel fiYetr@okOlafeds AP £ BIE bR ByShal Rvidh apso€! Sadurat¥aen
the integrated circuit package 30 is then passed, through the vapor, the

vanori zohadOihd, FRRASARCYS NSANANE Bhufe Of Trd HIASN 1RGahcRbn

vapori zat’i on. IS energy - 1s ransterréd to circuit

ackage 30. As I gng as the integrated
P g however, isgnot 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 s§1der reflow, may be effectively
used with the present invention.

The present invention also solves other problems
associated with solder refloQ systems. These problems include
the creation or failure due to wvoids, coplanarity,
tombstoning, open joints, component cracking, thermal shock
and thérmal stressing. The present invention solvés these
problems because it dispenses with the need for electrically
"connecting soldering leads to the integrated circuit package
30. By using solder balls 150 instead of leads, the problems
associated with voids around pad éreas or under leads caused
- by incémplete reflow or poor welding of the sgldering surface
due to improper flux or badly oxidized surfaces is eliminated.

The problems of coplanarity and tombstoning are also reduced



circuit package 30 remains in the vapor, the vapor continues to give off
energy at a repeatable fixed rate and tenperature, until the integrated
circuit package 30 reaches the tenperature of the vapor. The
advant age of using a nonchlorinated fluorocarbon is that it is extrenely
thermal |y stable, colorless, odorless and nonflanmable. In addition, it
has a low toxicity, |ow surface t.errpergzt#re, | ow boiling point, and | ow
heat of vaporization. Because the flui orm of the non-chlorinated
fluorocarbon is inert, it does not react with fluxes or conponent

materi al sr Boimdo@tdd absAgh the/geblderot BEL18asESo t hlcatésestigdabeons
20 during the solder reflow Most commercially avail able

fl NS, f h fl I di; Lo orize at
b gt sor gl S BONABOERIBECHE] W ALY HOL M F8601hOeaBROT) 2¢ 2

111 be known to those . skilled in the
W épen %oints are usually caused by problems with

coplanarity, while cracking may occur when trapped moisture
within an integrated circuit package expands as the device is
heated for reflow. The increase in internal pressure, causes
the integrated circuit package to split open, usually at one
of the corners. The splitting of the package causes wire
bonding from the lead frame to the silicon chip to break and
in some cases the silicon chips.héve cracked due to the
warpage at the top of the package as the temperature
differentials between the top and the bottom of the device
cause different rates of expansion.

Using the present invention, the only surface temperature
differential that occurs is between the solder ball 150 and
the printed circuit board 70, which allows either vapor phase
solder reflow or radiant heat solder reflow to be available
for producing the present invention. The small size of the
solder balls 150, and of the integrated circuit package 130 as

a whole, allows for any of the reflow systems to be used with



art. The vaporization tenperature will depend on the solder type

bei ng used. A brief list of the non-chlorinated fluorocarbons that
are used as vapor fluids is shown bel ow. :

21 Vapori zation Tenperatures and Sol der Types Fluid Tenperature
Sol der Type 56, 80, 97, 101, 102[err]C and 100 I n 1550C

37 Sn/38 Pb/25 In 165[err]C 24 70 Sn/18 Pn/12 In

70 In/30 Pb 174[err]C 60 In/40 Pob 190[err]C

90 In/10 Ag ' 50 I n/50 Pb

63 Sn/ 37 Al because the temperature dJdifféré&nt881lPbbetween the

60 Sn/40 Pb 215[err]C and 230[err]C 60 Sn/40 In
. components is almost negligible. Furthermore, by selecting a

potting material 90 having a coefficient of thermal expansion
similar, or equal to, the coefficient of thermal expansion of
the other compoﬁents of the integrated circuit package 30,
heat reflow effects and problems can be minimized.

Although the board-on-chip layout of integrated circuit
package 30 as depicted in Figures 1 and 2 has been described
using centralized bonding pads 120, it should be understood by
one skilled in the art that the principles of the present
invention are applicable to a silicon chip 50 with bonding
pads 120 in alternate layouts such as positioned aléng the
sides of the silicon chip 50.

Also,.it should be noted by one skilled in the art that
pads 100 and bus bars 116 may be located on a single layer of
printed circuit board 70. éenerally, a layer of insulated
tape or coating may be placed on the bus bars 110 to provide
for electrical isolation. The advantage of a multi-layer
printed circuit boardl70, however, is the elimination of the

need to insulate the bus bars 110. The present invention



60 Sn/ 40 Pb 63 Sn/ 37 Pb

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

Alternatively, infrared or radi ant heated solder reflow may be used. In
such a system each conponent of the solggring systemis directly exposed
to radiation froma heating elenent. Fbat fromthe radi ant energy el enent
is absorbed by the different conponents according to its nol ecul ar
struct ur disposes GehyRnttilonaneeddi ot hHesdl stysdrens exg@gdieionkylyhe theer
surfaces of the conponents to the radiant heat, which may not

22 reachitieri Are Ar eas el Hidientd yba%fatbovas%v&abgraaeggr@&@éfng

nmet hods as escrlbed ove. The present invention however, i

affected by i s Bl £2' ¢ 0f OBl £ BE8R8RS.

Figure 3 is a simplified cross—séctional view of another
embodiment 6§ an integrated circuit ﬁackage of the present
invention that is denerally deéignated 32. The integrated
circuit package 32 comprises a silicon.chip 50 and a p?inted
circuit board 70 which is attached to the silicon chip 50 Ey
an adhesive layer 60. In this embodiment, the printed circuit
board 70 consists of three layers, a. top layer 72, an
intermediate layer 74 and a bottoﬁ layer 76. The printed
circuif board 70 has a top opening 86. As best seen in figure
2, routing strips 82 and bus bars 110 extend into the top
opening 86. After assembly, top opening 86 is filled with
potting material 90 as represented by the dashed line above

~top opening 86 and around silicon chip 50. Vias 84
electrically connect pads 100 located on top surface 92 of top

layer 72 and bottom surface 94 of bottom layer 78.



the use of solder balls 150 instead of leads. In fact, due to the reduced
overal |l size either nethod, vapor phase solder reflow or radiant heated
sol der reflow, may be effectively wused with the present invention.

The present invention also solves other problens associated with sol der
refl ow systens. These problens include the creation or failure due to
voi ds, coplanarity, tonbstoning, open joints, conponent cracking, thermal
shock ~and thermal stressing. The pre t invention solves these problens
because it dispenses with the need for electrically connecting soldering

| eads to the ipiggfat e gir cali bip@dkdEded 38roBY¥ -geictd cirlldevibwl Isf 156
i nstead of | eads, the problens associated with voids around pad areas or

st ea e b t i ds .
urface. i paFEve KnbBIIRRE SF Gr WikoriHa P £ed8e PhabREaRThHGY 10

The probl ens of cqflan rity and_tonbstoning are al so reduced
is generally designated 34. The integrated circuit package 34

has.a printed circuit board 70 that is attached to a silicon
chip 50 by an adhesive layer 60. The printed circuit board 70
consists of three layers, a top layer 72, an intermediate
layer 74, and a bottom layer 76.

Referring collectively to Figures 4 and 5, intermediate
layer 74 has routing strips 82 that are electrically connected
through vias 84 to pads 100 located on top sufface 92 of top
of top layer 72. Intermediate layer 76 includes a pair of bus
bars 110. The bus bars 110 are electrically connected thﬁough
vias 104 to one or more of the pads 108.

The silicon chip 50 has bonding pads 120 located
generally in the central area of silicon chip 50. The bonding
pads 120 are connected to routing strips 82 and bus bars 110
by wire bonding 80. |

Two rows of solder balls 150 are located on each side of
top opening 86 on top surface 92 of printed circuit board 70.

The first row of solder balls 150 is located on pads 100. The



23 or elimnated using the solder balls 150 because surface tension on
bot h sides of the solder balls 150 is equal. Open joints are usually
caused by problens with coplanarity, while cracking nmay occur when trapped
noi sture wthin an integrated circuit package expands as the device is
heated for reflow. The increase in internal pressure, causes the
integrated circuit package to split open, usually at one of the corners.
The splitting of the package causes wire bonding fromthe lead frame to
the silicon chip to break and in sone cases the silicon chips have cracked
due to theecondpragw eif wkddeap befllshd StadlkadeocateticoneppdsalliBe Pads
differentials between the top and the bottom of the device cause different

rates of %@ara_é#;one electrishlUyt BEnREEELA! tbNpaRk Ade Hhe rldnitunhace
tenperature differential that occurs is between the solder ball 150 and

the print circuit rd, 70, | C o) | t % S sol der,
refl ow or'ﬁggdi aa}f%lé hélg)'fgisgf’égr érfyjtﬂtgél Ig'v?/%ta(t):e\t% §f}aih$é%l (;%q‘%foérw%r g&uc ?‘% t.t?'uee
present invention. The small size of the solder balls 150, and.of the
i nt egr at eBleFEzicaldacksgBnegteds thropghe Vias 0k04 otoanfher Ragds r dQdw
systens to be used with

located on the bottom surface 94.

The.present invention utilizes a double sided integrated
circuit package 30 to achieve an overall reduction in height.
It also allows for decreased failure due to the reduced number
of soldered materials having varying coefficients of thermal
expansion. The present invention further reduces the overall
number of steps in the assembly of, for example, memory units
by streémlining the assembly proceés not only in reduced
number of steps, but also by elimination the curing steps
associated with encapsulating integrated circuit. The present
invention further reduces the amount of material used in
producing integrated circuit packages 30, thereby saving time,
money and the environment.

Furthermore, the method of the present invention takes
advantage of the opening 86 at the center of the p?inted

circuit board 70 for potting the wire bonding 80 that connect



24 the because the tenperature differential between the conponents is
al nost negligible. Furthernore, by selecting a potting material 90 having
a coefficient of thermal expansion simlar, or equal to, the coefficient
of thermal expansion of the other conponents of the integrated circuit
package 30, heat reflow effects and problens can be m nim zed.
Al though the board-on-chip layout of ipggegrated circuit package 30 as
depicted in Figures 1 and 2 has been described wusing centralized bondi ng
pads 120, it should be understood by one skilled in the art that the
princi pl &hefsihécppestyip $hvandi dherrrapppic sircuid aberrdcdR ciir paso
with bonding pads 120 in alternate | ayouts such as positioned along the
si des of dirgyls st clByp Hlllling thé\ gpeniihgs@euwiithepootedgbyabaeiaki | | ed
in the art that pads 100 and bus bars 110 may be | ocated on a single |ayer
of 90, the wire bonding 80 between silicon chip 50 and the

printed circuit board 70 are generally protected from the

environment and are particularly protected from moisture due

to the hermetic nature of the encapsulation.

This means of potting the integrated circuit package 30

of the present invention greatly reduces the overall profile

by allowing the nonFoperative or backside of the silicon chip

50 to be exposed. By hermetically protecting the connections

between the silicon chip 50 and the printed circuit board 70

at the top opening 86, there is no need to completely'
encapsulate the entire assembly.

The problems of coplanarity are eliminated by using
solder balls 150 to attach the integrated circuit package 30
to another printed circuit board, sucﬁ as a mother board,
because there are no leads that may bend and there are no

deviat_:ions’ from the plane of the motherboard to which the

module is being connected.



printed circuit board 70. Generally, a'Iayer of insulated tape or coating
may be placed on the bus bars 110 to provide for electrical isolation.
The advantage of a nulti-layer printed circuit board 70, however, is the

elimnation of the need to insulate the bus bars 110. The present

i nvention 25 disposes with the need
for isolation. Additionally, the nuldd-layer printed, circuit board. 70
provi des a greater process margin for w re bonding. Figure 3 is a

sinmplified cross-sectional view of another enbodjnment of an integrated

circuit packad¥ib¥tierabl¥sehtdurftle RO UMERTRL géWBP&ItI }Sde%l?"g%a?% g 32.

The integrated circuit package 32 conprises a silicon chip 50 and a

printed uwsinguitthebowtdhcd) andi eppegasusaciiettheoprieeesnt| ipvanthop 80ebyo an

adhesive |ayer 60. In this enmbodinment, the printed circuit board 70

consi sts e t BrE€Lal Y HecoredeOPih A¥RE &Azedbf 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
embodiments of the invention, will be apparent to persons
skilled in the art upon reference to the description. It is

therefore intended that the appended claims encompass any such

modifications or embodiments.



i ntermedi ate | ayer 74 and a bottomlayer 76. The printed circuit board 70
has. a top opening 86. As best seen in figure 2, routing strips 82 and bus
bars 110 extend into the top opening 86. After assenbly, top opening 86
"is filled wwth potting material 90 as represented by the dashed |ine
above top opening 86 and around silicon chip 50. Vias 84

el ectrically connect pads 100 | ocated omyqop surface 92 of top layer 72
and bottom surface 94 of bottom | ayer 78.

26 Figure 4 is a sinplified cross-sectional view of an alternative
enbodi nremhadf ian cldibgeditdsl: circuit package that 1is generally designated
34. The integrated circuit package 34 has a printed circuit board 70 that
is attached ta a siAi caoulsle p Hided an atheprated ayecibbuitfhe packagd
circuit board 70 consists of three |ayers, a top layer 72, an internediate

layer 74,4k it om layer 76.

a . substrate having an opening and first and second
surfaces;

a plurality of routing strips being integral with said
substrate and extending into said opening;

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

at least one via electrically connecting at least one of
said pads disposed on said first surface with at least one of
said pads disposed on said second surface;

a chip adhered to said substrate, said chip having at

least one bonding pad;

* [ L. M S *



Referring collectively to Figures 4 and 5, internediate |ayer 74 has
routing strips 82 that are electrically connected through vias 84 to pads
100 | ocated on top surface 92 of top of top layer 72. Internediate | ayer
76 includes a pair of bus bars 110. The bus bars 110 are electrically
connected through vias 104 to one or nore of the pads 108. The
silicon chip 50 has bondi ng pads 120 I0§gted generally in the central area
of silicon chip 50. The bonding pads 1 are connected to routing strips
82 and bus bars 110 by w re bondi ng. 80. ~ Two rows of solder balls 150
are | ocated orwieehbendéngf eltesit wimariyy Gonvactdpgs wFigtea2lesspr opeed
circuit board 70. The first rowof solder balls 150 is |ocated on pads

100. The bonding pad to at least one of said/ roaeingd stipd; sander
balls 150 is | ocated on pads 108. Pads

potting material filling said opening.

2.  The double sided integrated circuit package as
recited in claim 1 further including at least one bus_bar
being integral with said substrate and extending into said
opening, said at least one bus bar electricaily connected to
at least one of said bonding pads and at least one said pads

disposed on said first and said second surfaces of said

substrate.

3. The double sided integrated circuit package as
recited in claim 2 further including wire bonding electrically

connecting said bus bar to at least one of said bonding pads.

4. The double sided integrated circuit package as
recited in claim 1 further including at least one solder ball

located on at least one of said pads disposed on said first

surface.

AR RO



100 may be electrically connected to pads 108 by conduit 118. The pads 108
that are located on top surface 92 nay be electrically connected through

vias 104 to the pads 108 |ocated on the bottom surface 94. The
present invention utilizes a double sided integrated - circuit package 30 to
achieve an overall reduction in height. It also allows for decreased

failure due to the reduced nunber - of %Idered mat eri al s havi ng varyi ng
coefficients of thermal expansion. Th&“present invention further reduces
the overall nunber of steps in the assenbly of, for exanple, nmenory units
by streanlini ng.theThesehbhlyler cisted ndnt@gnatied r edushtit npaigkagsf siseps,
but also by elimnation the curing steps associated with encapsul ating

integrat egb@it&diin dDgiMRr ESEREthéAVERELRALRY hBelehgduoae &bedarOwal 10f
material used in producing integrated circult packages 30, thereby saving

tine, '“{@@g?@& E € E“!Egg@”%@%-of,ﬁaﬁ]lﬁé&&*&?éﬁ%sége?ﬁeégﬁﬂ g%é%ﬁahe

present inventron takes vantage o e “openi ng e center O
printed circuit board 70 for potting the wire bonding 80 that connect
surface.
6. The double sided integrated circuit package as

recited in claim 1 further including at least one solder ball
~ located on at least one of said pads disposed on said first
surface and at least one solder ball located on at least one

of said pads disposed on said second- surface.

7. The double sided integrated circuit package as
recited'in claim 6 wherein at least one of said solder balls

"is electrically connected with at least one of said routing

strips.

8. The double sided integrated circuit package as
recited in claim 1 wherein said substrate further includes a

cavity and wherein said chip is adhered to said substrate in

said cavity.

-
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28 the silicon chip 50 and the printed circuit board 70 in a single step.
By filling the opening 86 with potting material 90, the wire bonding 80
between silicon chip 50 and the printed circuit board 70 are generally
protected fromthe environment and are particularly protected from

noi sture due to the hernetic nature of the encapsul ation. Thi s means
of potting the integrated circuit packa 30 of the present invention
greatly reduces the overall profile by allow ng the non-operative or
backsi de of the silicon chip 50 to be exposed. By hernetically protecting
t he connecti on®. betAweemauwd esi | isddedhi fri@cqratdedie primtwik ci npagkadpear d
70 at the top opening 86, there is no need to conpletely encapsulate the
entire asgefprising: The problens of coplanarity are elimnated by using .
sol der balls 150 to attach the integrated circuit package 30 to another

printed circuily bagide SUeh A8 a0 R J0HIhg RERAUEELIS End' S %0 §20S

that nmay bend and theré are

surfaces;

a plurality of routing strips being integral with said
substrate and extending into said opening;

'a plurality of pads disposed on said first and second
surfaces, at least one of said pads disposed on said first
surface being electrically connected with at least one of said
routing strips and at least one of.said pads disposed on said
second surface being electrically connected with at least one
of said roﬁting stfips;

at least one via electrically connecting at least one of
said péds disposed on said first surface with at least one of
said pads disposed on said second surface;

at least one bus bar being integral with said substrate
and extending into said opening, said bus bar electrically
connected to at least one said pads disposed on said first and

said second surfaces of said substrate;

* c L M S *



deviations fromthe plane of the notherboard to which the nodule is being
connect ed. 29 Addi tional ly,
reduced environnental inpact is obtained using the nmethod and apparatus of
the present invention due to the overall decrease in the size of the

integrated circuit package 30. Wil e this invention has been
described in reference to illustrative gnbodinents,'this description is
not intended to be construed in a Iini?lng sense. Various nodifications
and conbinations of the illustrative enbodi nents, as well as other

enbodi nent s of at iehimvadhesad wid | sdid applsematien peasdnshigki haeingn & he
art upon reference to the description. It is therefore intended that the
appended glargkiepcofpane ddhdEUR) padwdi fications or enbodi ments.
first wire bonding electrically connecting at least one
of said bonding pads to at least one of said routing strips;
second wire bonding electrically connecting at least one

of said bonding pads to at least one of said bus bars; and

potting material filling said opening.

10. The double sided integrated circuit package as
recited in claim 9 further including at least one solder ball

located on at least one of said pads disposed on said first

surface.

11. The double sided integrated circuit package as
recited in claim 9 further including at least one solder ball

located on at least one of said pads disposed on said second

surface.

12. The double sided integrated circuit package as

recited in claim 9 further including at least one solder ball

* c L M H *



30 What is clainmed is: 1. A double sided integrated-' circuit

package conpri sing: a substrate having an opening and first and
second surfaces; a plurality of routing strips being integral with
said substrate and extending into said opening; a plurality of pads

di sposed on said first and second surfaces, at |east one of said pads

di sposed on said first surface being egectrically connected with at |east
one of said routing strips and at |east one of said pads di sposed on said
second surface being electrically connected with at |east one of said
routing stodgissd on ataflehesstonenefvisaisd epads cdibposethent i sridt fivast one
of said pads disposed on-said first surface with at | east one of said
pads di spagerh ) $9d daserondrsohbag8lder ball located on at least one

of said pads disposed on said second surface.

13. The double sided integrated circuit package as
recited in claim 12 wherein at least one of said solder balls

is electrically connected with at least one of said routing

strips.

14. The double sided integrated circuit package as
recited in claim 12 wherein at least one of said solder balls

is electrically connected with at least one of said bus bars.

15. The double sided integrated circuit package as
recited in claim 9 wherein said substrate further includes a

cavity and wherein said chip is adhered to said substrate in

said cavity.
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a chip adhered to said substrate, said chip having at |east one bonding

pad; 31 wi re bondi ng
el ectrically connecting said at | east one bonding pad to at |east one of
said routing strips; and potting material filling said opening. -

2. The double sided integrated circuit package as recited in claiml
further including at |east one bus bar 3lgeing integral with said substrate
and extending into said opening, said at | east one bus bar electrically
connected to at |east one of said bonding pads and at |-east one sai d pads
di sposed on sailé .f i Pstdauhl e ek comdeguataedesiolwsdi packdys mataduced

by a process comprising the steps of:

obtaining a substrate having an opening and first and
second surfaces;

extending a plurality of routing strips within said
substrate into said opening;

disposing a plurality of pads on said first and second
surfaces;

electrically connecting at least one of said pads with at
least one of said routing strips;

electrically conneéting at least one of said pads
disposed on said first surface with at least one of said pads
diéposed on said second surface with at least one via;

adhering a chip to said substrate, said chip having at
least one bonding pad;

electrically connecting said at least one bonding pad to
at least one of said routing strips with wire bonding; and

filling said opening with a potting material.
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3. The double sided integrated circuit package as recited in claim?2
further including wire bonding electrically connecting said bus bar to at

| east one of said bondi ng pads. 4. The doubl e sided integrated
circuit package as recited in claim1l further including at |east one

sol der ball [located on at |east one of said pads disposed on said first
surface. 37 32 5. The doubl e sided
integrated circuit package *as recited in claim1l further including at

| east one solder ball |located on at | east one of said pads di sposed on
sai d second siffac@&he process6as Téeitedblr clatod i6tByrdied irialading
package as recited in claim1 further including at | east one sol der bal

the steps of:

disposing at least one bus bar on said substrate;

electrically connecting said at least one bus bar with at
least one bonding pad with wire bonding; and

electrically connecting said at least one bus bar with at
least one of said pads disposed on said first surface and with

at least one of said pads disposed on said second surface.

18. The process as recited in claim 16 : further
comprising the step of attaching at least one solder ball to

at least one of said pads disposed on said first surface.

19.. The process as recited in claim 16 further
comprising the step of attaching at least one solder ball to

at least one of said pads disposed on said second surface.

20. The process as recited ‘in claim 16 further
comprising the step of attaching at least one solder ball to

at least one of said pads disposed on said first surface and
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| ocated on at | east one of said pads disposed on said first surface and at
| east one solder ball |ocated on at |east one of said pads di sposed on
sai d second surface. 7. The double sided integrated circuit
package as recited in claim6 wherein at | east one of said solder balls
is electrically connected with at |east one of said routing strips.
8. The double sided integrated circuit pgackage as recited in claiml
wherein said substrate further includes a cavity and wherein said chip is
adher ed to Sﬁ'd sulstrate in said cavity
33 L dd@RAFF oBederf ﬁ%degpa@éd digppegrt opac@iyk second
conpri5|ng.

surface.
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a substrate having an opening and first and second surfaces; a
plurality of routing strips being integral with said substrate and
extending into said opening; a plurality of pads di sposed on said
first and second surfaces, at |east one of said pads disposed on said
first surface being electrically connected with at | east one of said
routing strips and at | east one of said:ﬁfds di sposed on said second
surface being electrically connected wi tt¥ at | east one of said routing

strips; at |east one via electrically connecting at |east one of
sai d pads di sposed OPOYBLE SIPEP INTESRATHD ICIRCUXRSPACKAGBf sai d pads
di sposed on said second surface; at | east one bus bar being integral

with said substrate and extending into said opening, said bus bar
electrically connected to at |east one said pads di sposed on said first

and said second surfaces<gsggg§g§u®§tTﬁEeDIsgLOSHBE

An integrated circuit package (30) including a substrate
(70) having an épening.(BG) and first and second surfaces (92,
94), a blurality of routihg strips (82) being integral with
the substrate (70) and extending into the opening (86), a
plurality of pads (100) disposed on the first and second
surfaces (92, 94) and electrically connected with at least one
of the routing strips (82), vias (84) electrically connecting
the pads (100) disposed on the first surface (92) with the
pads (ioo) disposed on the second-surface (94), a chip (Sd)
adhered to the substrate (70) having bonding pads (120), wire
bonding (80) electrically connecting at least one bonding pad
(120) to at least_one of the routing strips (82) and potting

material (90) f£illing the opening (86)..

Figure 5



‘ a chip adhered to said substrate, said chip having a pIuraIity of
one bondi ng pad; first wire bonding electrically connecting at |east
one of said bonding pads to at | east one of said routing strips;

second wire bonding electrically connecting at |ea =0
Bt visosHrTerASPEEN] i ng

34

pads to at |east one of said bus bars; and p
sai d openi ng. 10. The doubl e sided integrat _ as
recited in claim9 further including at | east one rert |ocateé on
at least one of said pads disposed on sai 8/first surface. 11. The
doubl e sided integrated circuit package as recited in claim9 further

i ncluding at | east one solder ball located on at |east one of said pads

di sposed on said second surface. 12. The doubl e sided integrated

circuit package as
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recited in claim9 further including at | east one sol der ball
35 .l ocated on at |east one of said pads disposed on said first surface
and at |east one solder ball located on at |east one of said pads disposed

on sai d second surface. 13. The doubl e si {“* -------------------
d TdTlS§aiE&TM%EENbaT S

package as recited in claim1l2 wherein at |east ong
is electrically connected with at |east one of sai djrouti#ePLAGRED ps
14. The double sided integrated circuit )a:gkage as recited T crarimi2
wherein at | east one of said solder balls" " is electrically connected with
at | east one of said bus bars.
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15. The

doubl e sided integrated circuit package as

recited in claim?9

wherein said substrate further includes a cavity and wherein said chipis
adhered to said substrate in said cavity.

36 16. A double sided integrated circuit package/produce By
process conprising the.steps of: obtaining a subanH§§rﬁéWrﬁﬁ3%tEN;
opening and first and second surfaces,; extendinum._oltﬁ%ﬂﬁqgﬁ(ﬁ J
routing strips within said substrate iq%ggsajd openi ng; ¢ T di SposFTigTa -
plurality of pads on said first and seco surf aces; electrically

connecting at

strips; electrically connecting at
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| east one of said pads with at
| east one of said pads

8¢ 7o

| east one of said routing
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di sposed on said first surface with at |east opg. aigd p poSegda 0N
+.sal"d second surface with at |east one via; g @i (3 p L omea
substrate, said chip having at |east one bond S e€trica

‘connecting said at |east one bonding pad to at Ieast one of said routmg

strips wwth wre bondi ng; and filling said openlig%hapottlng
mat eri al . 1/3 ' 8he process
as recited in claim16 further including the steps of: di sposi ng at

| east one bus bar on said substrate; el ectrically connecting said at
| east one bus bar with at |east one bonding pad with wire bonding; and
electrically connecting said at | east one bus bar with at |east one of
sai d pads di sposed on said first surface and with at |east one of said

pads di sposed on sai d/s@@nd
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18. TFhe procéss as recited in claim16 further conprising the step of
attaching at | east one solder ball to at |east one of said pads disposed

on-said first surface. 19. The process as recited in claim16
further conmprising the step of attaching at | east one solder ball to at
| east one of said pads disposed on said second surface. 20. The

process as recited in claim16 further 2ZMmprising the step of attaching at
| east one solder ball to at |east one of said pads di sposed on said first
surface and 38 with at |east one of

sai d pads di sposed on said second surface.
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