_VERTICAL BALL GRI D ARRAY | NTEGRATED Cl RCU T PACKAGE TECHNI CAL FI ELD OF THE
-1 NVENTI ON' The present invention relates in general to the field of

integrated circuit packagi ng, d al , relate to an
apparatus and nethod for creat mtq %I? rt-l'c y nount abl e
integrated circuit packages th nehe akly c nected to a circuit

board by a lateral ball grid array. 2 Wthout Ilimting the scope of
the invention, its background is described in ? W%V\Ath menory
nodul es, as an exanple. Heretofore, in this field; In ed circuits have
been formed on seni conductor wafers. Thé mafers are separated into

i ndi vi dual chi ps i h paskaged

The packagi ng pro?ggs ?ngﬂggof e %%%ﬁ crltlca gtgfgbﬁﬁTaﬂgclntegrated
circuit fabrication process, both fromthe point of view of cost and of
reliability. Specifically, the -packaging cost can easily exceed the cost of

the B B ok v NV

The éreéent invention relates in general to the field of
integrated circuit packaging, and more specifically, can
relate to an apparatus and method for creating substantially
vertically mountable integrated circuit packages that can.be

. electrically connected to a circuit board by a lateral ball

grid array.
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integrated circuit chip and the majority of device failures are generally
~packaging related. The integrated circuit nust be packaged in a suitable
media that will protect it in subsequent manufacturing steps and fromthe
environment of its i.ntended application. Wre bonding and encapsul ation are
the two main steps in the packagi ng process. Wre bondi ng connects the

| eads fromthe chip to the term nals of the package. The terminals allow
the integrated circuit package to b? connected to other 3
conponent's. Followi ng wire bonding, enfapsul ation is enploved to seal the
surfaces from noi sture and contam nation and to protect the w re bonding
and ot her conponents from caryQsid ' ck. Conventionally,

t he packagi ng of integrated Clircul aching an individua
and encapsul ati qn,

S ha
chip to a lead frane, where, .followng wre bonding 1C; oy
desi gnat ed parts "of-HOHE | dABEFF 5@%0n§c13Eat m T4t s Of Thé OPackags.
The packaging of integrated circuits has al so involved the

background is described in connection with memory modules, as

S THVO

an example.

Heretéfore, 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 procesé 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 generally 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 procéss. Wire bonding connects the leads from the
chip to the terminals of the package. The terminals allow the

4

integrated «circuit package to be connected to other



pl acement of chips on a surface where, follow ng adhesion of the chip to
the surface and w re bondi ng, an encapsulant is placed over the chip to
seal and protect the chip and ot her conponents. 4 Commonly, integrated
circuit ‘packages are attached to other conponents to form a nodul e.

Menory chi p packages, e.g., are nounted on a board to forma single inline
menory nodule (SIMM. SIMW may, for exanple, be used to increase the
menory of typically personal conputers. #s nmenory demands increase, so has
the need for increased Input/CQutput (I/0O capacity and nenory capacity of
menory nodul e. Efforts to enhance these capacities, however, have been
limted by tlwerngepents of Enliifoadegspioe ordiinghl encapsinka Sl isurdmpdeye8pace
may al so be limted in the environnment in which SI M operate. Furthernore,
the surface afea=Cheedunfades iMdnyimdiduienany Winktamingcisnbahh the

di stance between connection, but also, the nunber of nmenory units that may

be positioneg Qrearsthdl §1iPBt BShaPHg Sl e Gbmponents from corrosion
and mechanical shock.

Conventionally, the packaging of integrated cifcuits 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 surface where, following adhesion of
thg chip to.the surface and wire bonding, an encapsulant is
placed over the chip to seal and protect the chip and other

components.



Therefore, it is recognized herein that a need has. arisen for increasing
the density of nenory and ot her semi conductor circuits on each nother or
sister-board and that a need has al so arisen for a process for producing
hi gh density arrangenents that provide for the close proximty of 5
I-ntegrated circuit packages to reduce interconnect distance, and that a
need has arisen for materials and methods that lead to increases in I/O
and/ or menory capacity. Further, a need has arisen for an integrated
circuit package that provides protection® to the wire bonding and silicon
chip during subsequent manufacturing and testing steps and from the

environnment of its intended pusm_ggm,@. REL SRk TGRNt | on di scl osed herein
i ncludes a high density integrated circurt nodule and a process for
produci ng such a g Le, g hat vides for vertical _alignnent_of integrated
circuit packages.E$H§”b§%kagﬁgégé%g6§pfgfgéfé t°%£€§ﬁ505%ﬁtsa“b?Ch?ﬁe“°

integrated citcuit ackage during nanufacturing and testing steps and
fron?the envPF °ﬁeﬁFm§Pnen s to éoé& a nwguie (&emory chipgpackgges,

e.g., are mounted on a board to form a single inlins memorv

module (SIMM). SIMMs ﬁay, for example, be used to increase
the memory of typically personal computers. As membry demands
increase, so has the need for increased Input/Output (I/0)
capacity and memory capacity of memory module. Efforts to
enhance these capacities, however, have been limited by the
amount of surface space available on the SIMM surface. Space
may also be limited in the environment in which SIMMs operate.
Furthermore, the surface area occupied by the individual
memory units limits both the diétance between connection, but
also, the number of memory units that may be positioned on a
single mother or.sister-board.

Thérefore, it is recognized herein ﬁhat a need has.arisen
for increasing the density of memory and other semiconductor
circuits on each mother or sister-board and that a need has
also arisen for a process for producing high density
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arrangements that provide for the close proximity of



Its intended purpose. The individual integrated circuit packages can be
angl e-nounted on a circuit board, with the packages adjacent (e.g.,
parallel) to each other and attached to either or both sides of the circuit
board to forma nodule. The invention can include an integrated circuit
package conprising a carrier having a top surface and a term nal nounted
flat on the surface of a side. The side and the side 6 surface term na
are generally at an angle to the top surface. In one enbodi nent the side
surface is generally perpendicular to the top surface. The side, however,
can be at an angle from30 to 90 degrees (but preferably at |east 45)
relative to tirrdgcedr iaseuilhgaCRidd LIS abedd@cd ChE Ltk dnhiedr dilstRacal,
material, such as a high tenperature epoxy resin, and has one or nore

routing stripgd Raheakenddy §852h5ri 0o QLA 215 %r‘ﬂ& G @lods0 t‘h*é‘?:t ‘%%E&i er

means that the routing strips can be wthin or on the surfaces of
e

carrier. One or .nore term.nals.are.di sposed on_ a siq§ suEfaQ of th
: ne & M edsddMi nd/or 'memory capacity. Fehe? e
carrier, with at Teast oné 0F§Ph% ? oLy cap Y ther, & need

has arisen for an integrated circuit package that provides
protection to the wire bonding and silicdn chip during
subsequent manufacturing and testing steps and from the
‘environment of its intended purpose.

The present invention disclosed herein includes a high
density integrated circuit module and a process for producing
such a module that provides for vertical alignment of
integrated circuit packages. The packaging also protects the
components - of the integrated <circuit package during
manufacturing and testing steps and from the environment of
its intended purpose. The individual integrated circuit
packages can be anéle-mounted on a circuit board, with the
packages adjacent (e.g., parallel) to each other and attached
to either or both sides of the circuit board to form a module.

The invention can include an integrated circuit package
comprising a carrier having a top surface and a terminal

-

-f mounted flat on the surface of a side. The side and the side



pads being el

A chip, such

one or nore bondi ng pads.

nor e bondi ng
mat eri al may
and the bond
integrated c

side of both
encapsul ate
The carri er
at | east abo
connecti on.

pads to at | east one of the routing strips and potting

fill the opening within the carrier to cover the wire bonding
i ng pads. In one enbodinment of +the present invention

ectrically connected with at | east one of the routing strips.
as a silicon chip, is adhered to the carrier, the chip having
Wre bonding may electrically connect the one or

t he

ircuit package further conpriges at |east one 7 sol der bal
di sposed on at |east one of the side surface term nals disposed on the
carrier. The carrier and the package have a common side, and the side
surface ternsgatscars@inki Sré aRYYaligdeat TimiSande deemienaby atezeset he

the carrier and the package. Potting naterial may al so
£heord)i fuRRAmBAY et Re | BLEXNESSr e (OG26RIRNG caRBhaScH1 LS

for use with this enbodinent wll typlically have a thickness of

FEB %&g Mebd 4gReRd N9 9 193! 482N &9l A f2lhn angle
from 30 to 90 degrees (but preferably at least 45) rélative to
the top surface.

The carrier can be a circuit béard type of material, such
as a high temperature epoxy resin, and has one or more routing
strips that are integral to the cérrier. Integra; to the
carrier means that the routing strips can be within or on the
surfaces of the carrier. One or more terminals are disposed
on a side surface of the carrier, w;th at least one of the
pads being electrically connected with at least one of the
routing strips. A chip, such as a silicon chip, is adhered to
the carrier, the chip having one or more bonding pads. Wire
bonding may electrically connect the one or more bonding pads
to at least one of the routing-st;ips and potting material may
£ill the opening within the carrier to cover the wire bonding

and the bonding pads.

In one embodiment of the present invention the

-

integrated circuit package further comprises at least one



enbodi nent of the present invention the overall thickness or profile of the
package is between about 40 mls and 50 mls. I n yet other enbodinents the
t hi ckness of the package is about 41, 44, 47 or 50 mls. Yet another

enbodi ment of the present invention is a high density nmenory nodul e
conprising a horizontal circuit board and at |east one vertical integrated
circuit package having side-nounted bondi ng pads electrically connected to
the circuit board. The high density nodute may further conprise a-plurality
of tabs being integral with the top or the bottomof the circuit board.

The high density nodule may further . 8 conprise solder balls disposed

bet ween the gBtegratRdiCididfdselatdogt an@dalshe &ad rber ch¥etsiaot HigFrace
enbodi ment of the present invention is a high density nodul e produced by a

process conpgLshifgaibe s3kpRsal o PERL NidAG,a &l T CUidh boapdr-Navi Bgsa %&p and

a bottomand electrically connecting at 1east one vertical Tntegrate

circuit paCkSQEkééé g%etgpmngﬁp%igércgﬁé éggué%déngr%ggge grminals-are

on this common side. Thus, the terminals are on the side of.
both the carrier and the package. Potting material may also
encapsulate the chip and have a thickness of, for examp;e,
about 6 mils. The carrier for use with this embodiment will
typically have a thickness of at least about 10 mils,
depending on the size of the solder ball connection. In one
embodiment of the present invention the overall thickness or
profile of the paékage is between abdat 40 mils and 50 mils.
In yet other embodiments the thickness of the package is about
41, 44, 47 or 50 mils.

Yet another embodiment of the present invention is a
high density memory module comprising-a horizontal circuit
board and at least one_vertiéal integrated cifcuit package
having side-mounted bonding pads electrically connected to the
circuit board. The high density module may further comprise
a-plurality of tabs being integral with the top or the bottom

-

of the circuit board. The high density module may further



may further including the step of electrically and perpendicularly
connecting at |east one integrated circuit package to the bottom of the
circuit board. The present invention may al so include the step of

di sposing at | east one solder ball between at |east one term nal of the
integrated circuit package and at |east one tab on the top of the circuit
board. Alternatively, solder colums nmay be di sposed between the integrated
circuit nodule and the first side of the carrier. In one enbodi ment, the
chip is adhered to a carrier and has bonging pads di sposed thereon. Wre
bondi ng el ectrically connects the bonding pads to the routing strips. A
potting 9 eampaiisal stldathdaddenidigposed detvpent get i rtegratrd wiimsuit
bondi ng. The integrated circuit package can further include bus bars being
i ntegral wtlcddiegmamntethe atslrekéendi ng into the openings. The bus bar

el ectrically connects at |east one of the bonding pads of the chip to at

| east one the-termeBahfother embodiment of the present invention is a high

density module produced by a process comprising the steps of,

[ X3

obtaining a circuit board having a top and a bottom and
electrically connecting at ieast one vertical integrated
circuit package to the top of the circuit board. The process
may further including- the step of electrically and
perpendicularly connecting at least one integrated circuit
package to the bottom of the circuit board. The present
invention may also inqlpde the stsp of dispdsing at least one
solder ball between at least one terminal of the integrated
circuit package and at least one tab on the top of the
circuit board. Alternatively, solder columns may be disposed
between the integrated circuit module and the first side of
the carrier. |
In oﬁe embodiment, the chip is adhered to a carrier and
has bonding pads disposed thereon. Wire bonding electrically

connects the bonding pads to the routing strips. A potting

-



di sposed on the first and the second surfaces of the carrier. The
tntegrated circuit nodule is formed by electrically connecting at | east one
of the side surface ternminals of the integrated circuit package with at

| east one tab di sposed on the top surface of a nother or sister-circuit
board. In one enbodi nent, solder balls are used to nake the electrical
connecti on between the one or nore integrated circuit packages on the

not her or sister-circuit board. In another enbodi ment, solder columms can

be used to nake the electrical connectidn between the integrated circuit
package and the circuit board. The integrated circuit nodule may

further inckuderadditironahei MRGIiALAoEbleaés RATEAURS cANOLS Al NPuAL ed
and electrically connected to the nother or sister-board, for exanple, two

or nore integpaledgCircuit packages may be 10 perpendlcularly nmount ed
and electrically connected to the nother or sister-circuit board. Even

ouoh {0 ! e CRCRRRLLTEL SRS BRI Ul Bt inuad s
bars being integral with the'carriers and extending into the
openings. The bus bar electrically connects at least one of
the bonding pads of the chip to at least one the  terminals
disposed on the first and the second surfaces of the carrier.

The integrated circuit module is formed by electrically
connecting at least one of the side surface terminals of the
integrated circuit package with at least one tab disposed on
the top surface of a mother or sister-circuit board. In one
embodiment, solder balls are used to make the electrical
connection between the Sne or more integrated circuit packages
on the mother or sister-circuit board. In another embodiment,
solder columns can be used to make the electrical connection
between the integrated circuit package and the circuit board.

The integrated circuit module may further include
additional integrated circuit packageé angularly mounted and
electrically connected to the mother or sister-board, for

-

example, two or more integrated circuit packages may be



perpendi cularly (or vertically nounted wwth regard to a horizontal circuit
board) for sinplicity and convenience, it is to be understood that the
integrated circuit packages may be angularly attached to the circuit board
in a manner that is not substantially perpendicular to the board surface.
In fact, the attachnment of the individual integrated circuit packages to a
not her or sister-circuit board may be at angles of |ess that 90 degrees,
such as 45 or even 30 degrees depending, e.g., on the space constraints
under which the integrated circuit mnust jgperate. BRI EF DESCRI PTI ON OF

THE DRAW NGS For a nore conpl ete understandi ng of the features and
advant ages oOfpetrbenif €SEditiy Nedhted, ki eebseericaNow ebdActoctihe-Jetatl ed
description of the invention along with the acconpanying figures in which

correspondi NgoRHEBr 84 Sgi 4t 418 14k fi@r ek ki gures refer to correspondi ng
parts and in which: Figure 1 is a sinplified end cross-sectional view of an

enbodi ment of a V%&hcéﬂo%!& elg{aat ergrecﬂx.rlcolﬂ t..Sp%%%aglfnﬁs Hrsgrgbea gerein

sinplified top view of rei
in terums the integratsd circuit @packages being
perpendicularly (or vertically mounted with regard to a
horizontal circuit board) for simplicity and convenience, it
is to be understood that the integratad circuit packagss may
be angularly attached to the circuit board in a manner that is
net substantially perpendicular to the board surface. In
fact, the attachment of the individual integrated circuit
packages to a mother or sister-circuit board may _be at angles
of less that 90 degrees, such as 45 or even 30 degrees

depending, e.g., on the space constraints under which - the

integrated circuit must operate.



Integrated circuit package; Figure 3 is a sinplified end cross-sectional
view of a vertical integrated circuit package; Figure 4 is a sinplified

i sometric view of an encapsul ated vertical integrated circuit; Figure 5 is
a sinplified side view of an integrated circuit package SIMM Figure 6 is a
sinplified isonmetric view of a SI MM having vertical integrated circuit
packages attached to one side thereof; 12 Figure 7 is a sinplified end
view of a SI MM having vertical integrated circuit packages attached to both
sides thereof in different configurations; and Figure 8 is a side view of
different configurations for the side surface of the integrated circuit
package. BRTET DESCRIPTICN CF THE DRANINGS

For a more complete understanding of the featurss and
advantages of the present inventicn, reference is now made to
the detailed description of the invéntion 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
embodiment of a vertical integrated circuit package;

Figure 2 1is a simplified top view of a vertical
integrated circuit package;

Figure 3 is a simp}ified end cross-sectional view of a

vertical integrated circuit package;

Figure 4 is a simplified isometric view of an
encapsulated vertical integrated circuit;

Figure 5 is a simplified side view of an integrated
circuit package SIMM;

Figure 6 is a simplified isometric view of a SIMM having
vertical integrated circuit packages attached to one side

thereof;



13 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Wi | e t he naki ng and using of
various enbodi nents of the present invention are discussed in detail bel ow,
it should be appreciated that the present invention provides many
applicabl e inventive concepts which can be enbodied in a wide variety of
specific contexts. The specific enbodi nents di scussed herein are
nmerely illustrative of specific ways to make and use the invention and do
not delimt the scope of the invention. The present invention can be
related to integrated circuits using a himard-on-chip design to enable a
plurality of integrated circuit packages to be vertically (or
per pendi cul arl y) patiached andselgeigiiicalddy eadnected dio at Siemsthavningi de
of a circuit board to forma SI MM By vertically connecting the
integrated gLEcWiL, PRG @%egt; i FAther S R the PoEsedides

i nvention agd%ég!s:%% ?ﬁg eed o‘?l |g—h@s%§%}fj§§|}o§%tr mance that also neets the
space constraint _requj.renent of .. nodern enj.conductors. The

princi pl es GFCTR2F pr'e eFﬁ?EnFPBhlﬁlﬁ?a Jéoril%(:(r?irg%rat ed into, for exanple,

a synchronous DRAM (SDRAM silicon chip. .. o .
_ Figure 8 is a side view of different configurations for

the side surface of the integrated circuit package.



14 Figure 1 is a sinplified cross-sectional view of an integrated circuit
package that is generally designated 30. 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 SRAM an ASIC, a FLASH or a
LOG C chip. Acarrier 70 is attached to the silicon. chip 50 by an adhesive
| ayer 60. The adhesive layer 60 may be made of, for exanple, a doubl e-sided
adhesi ve pol yanm de tape, adhesive glue or epoxy. The carrier 70 is deplcted
having four layers, a top layer 72, an i¥ernedi ate |ayer 74, an

I nternedi ate | ayer 76, and a botton1|ayer 78. Referring coIIectlver to
Figures 1 and 2, internegegaie; SoR4 o oet kg sirERer8? that are

el ectrically connected through conduits 84 to side surface termnals 100

| ocated on side s cef2 WY E sH C l.s ~10 an
have a di aneter tﬁg?i |§geq5559§%%6b ufgpg étﬂi%’fﬁéétﬁm&ﬁagkgﬁgfO%hghglde
surface 92. The e.surface term.n

Suriace 92 Wecahesalans, LIRS0, (RDE of AN SnaRe ulold e

skilled in the art . . )
.appreciated that the present invention provides wmany

applicable inventive concepts which can be embodied in a wide
variety of specific contexts. The specific emﬁodiments
discussed hersin are merely illustrative of specific wavs to
make and use the invent;on and do not delimit the scope of the
invention.

The present invention can be related to integrated
circuits using a board-on-chip design to enable a plurality of
integrated circuit paékages to be vertically {or
perpendicularly) attached and electrically comnnected to at
least one side of a circuit board to form a SIMM. By
vertically connecting the integrated qircuit packages to a
mother or sister board the present invention addresses the
need for high speed performance that also meets the space
constraint requirements of modern semiconductors. The
principles of the present invention may be incorporated into,

-

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



that the terns "top" and "bottont as well as the terns "side" 15 and
Yend" are used for illustration purposes only, as the integrated circuit
package 30 of the present invention can be assenbled and used in a variety
of positions and ways. Internmediate |ayer 76 includes a pair of bus bars
110. The bus bars 110 are electrically connected through conduits 84 to one
or nore of the side surface termnals 100 on side surface 92. Side ‘surface
termnals 100 on side surface 92, function as termnal and side surface of
integrated circuit package 30, and can serve to electrically connect the
integrated circuit package 30 to a noth or sister-circuit board. The size

of the side surfatani-er mnak 100 swbh idepand it hethbgkRess;i Qf bhe 5,
carrier 70 as side surface 92. The S|de surface tern1na|s 100.are na e of

electrlcally,gxggggg mqur|g4 ui t b r.. ..Gle t
electrical int erconnect s and s P)ha"t SustAts ﬁ%‘" At r‘:laesﬁ‘g—1 (aj)‘t air
ref|OWIaS\M%# Qnt &o .t hose of Skl 6r1the art. The, side surface
terminals 100 are & ec TléaFFVlEoﬂﬁ%§§¥Ki% comprises a silicon chip 50,

which can be, for example, any integrated circuit component
such as a DRAM, an EPROM, a SRAM, an ASIC, a FLASH or a LOGIC
chip. A carrier 70 is attached to the silicon chip 50 by an
adhesive layer 60. Thes adhesive layer 80 may be made of, for
example, a double-sided adhesive’polyémide tape, adhesive glue
or epoxy. The carrier 70 is depicted having four layers, a
top layer 72, an intermediate laver 74, an intermediate layer
76, and a bottom layer 78.

- Referring collectively to Figures 1 and 2, intermediate
layer 74 has routing strips 82 that are electrically connected
through conduits 84 to side surface terminals 100 located on
side surface 92. Generally, the side surface terminals 100
can have a diameter that is equal to or less than the
thickness of the side surface 92. The side surface terminals
100 can be of any shape, for example, rectangular, circular or
square. It should be understood by one skilled in the art'

I

that the terms “top” and “bottom” as well as the terms “side”



routing strips 82 by conduits 84. The silicon chip 50 has bonding

pads 120 located generally in the central area of silicon chip 50. The
bondi ng 16 pads 120 are connected to routing strips 82 and bus bars 110
by wire bonding 80 - to routing strips 82. The bus bars 110 may serve, for
exanpl e, as power supplies or grounds, and it is preferred that one bus bar
110 serve one function, such as a power supply, and the second bus bar 110
serve anot her function, such as a ground. The carrier 70 may be constructed

froma material such as FR-4 which is avis |l able from for exanple,
Motorola Inc., US A FR-4 is an epoxy resin reinforced with a woven gl ass

cloth. I'n selzagt ivahdrhes ot erddl =5pr seankEeE: 70n QREpekEL! A1l the aid
will recognize that four paraneters should be considered, nanely,

t hi ckness, di:glgcitics ,apt L ass 1510 r re.and fhe
coefficient 6f°Ltg%‘é£rérr% ch‘%%%ﬁ's' i Bﬁ&%ﬁeﬁ raréa];ise"ri'll'al?“‘sII 5 g’?l ugékj’ve\ngf: ﬁogh%‘“‘(‘:ak? i er

are high tenperatil & oA o™ I8 a"3aEEe By 0 Fod £l dis A WA02 11O

Intermediate layer 76 includes a pair of bus bars 11i0.
The bus bars 110 are electrically connected through conduits
84 to one or more of the side surfacelterminals 100 on side
surface 92.  Side surface terminals 100 on side surface 92,
function as terminal and side surface of integrated circuit
package 30, and cén serve to electrically connect the
integrated circuit package 30 to a mother or sister-circuit
board. _The size of the side surface terminal 100 will depend
on the thickness of the carrier 70 as side surface 92. The
side surface terminals 100 are made of electrically conductive
ﬁaterial that is suitable for creating electrical
interconnects and soldering that sustéins infra-red or hot-air
reflow as will be known to those of skill in the art. The
side surface terminals 100 are electrically connected to

routing strips 82 by conduits 84.

The silicon chip 50 has bonding pads 120 located

-

generally in the central area of silicon chip 50. The bonding



Allied Signal, US A or Mtsubishi, Japan, which nmay al so contain a
reinforcing fiberglass nmesh to increase the tensile strength of the
material. The overall thickness is dependant on the nunber of |ayers
required and the anount of reinforcement used in a 17 given |ayer.

The reinforcing glass cloth <can range in thickness from2 m|l| per sheet
(type.106) to about 8 m| per sheet (type 7628). The 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 with a sy@gaigoestLrcdiitidtaa W rHRALE stbept i £kagSShus 20

the greater the problens associated with thi ckness control, rough surfaces,

excessive dril) wear ,and; ps resiaLkefl! L. e Lemper atur e at jch a
resin changes f rwom'aogﬁg"szgf y Igeé:" slrt&a‘%étdr:’n%‘b'l-a%' r°thbe%{1/" Re2 % %é‘?"a"[ ly
1s

designated as_Jlerr]. Standard FR-4 is made with a bifunctionally .
serve, "for example, &s power suppliss or grounds, and it

pol yneri zi ng
preferred that one bus bar 110 serve one function, such as a
power supﬁly, and the second bus bar 110 serve another
function, such as a Qround.
The éarrier 70 may be constructed from a material such as
FR-4 which is available from, for example, Motorola Inc.,
U.S.A. FR-4 is an epoxy resin reinforced with a woven glass
cloth. 1In selecting the material for carrier 70, one skilled
:in the art will recognize that four parameters should be
considered, namely, thickness, dielectric constant, glass
transiﬁion temperature and the coefficient of thermal
expansion. Other materials for uée with the carrier are high
temperature epoxies such as_FR—S_or BT-resin, available from
Allied Signal, U.S.A. or Mitsubishi, Japan, which may alsq
contain a reinforcing fiberglass mesh to increase the tensile
strength of the material.

The overall thickness is dependant on the number of

-

layers required and the amount of reinforcement used in a



epoxy that has a T[err] of about 110 [err]C. Hi gher T[err] tenperatures,
such as 125-150 [err]C may be withstood by using a tetrafunctional epoxy.
For higher T[err] values, in the range of 150 to 200 [err]C a cyanate
ester:epoxy blend can be wused. Addi tionally, polyi'm des provide for
carriers having a T[err] above 250 [err]C. The coefficient of thernal
expansion for FR-4 is about 16 ppm[err]C. A difference in the coefficient
of thermal expansion 18 between the cgyrier 70 made from FR-4 and the
silicon chip 50 can lead to failure of the integrated circuit package 30
during, not only the assenbly of the integrated circuit package 30, but

al so during ghesnsdayfer.nt edfhe edeéirfexdinpaclages 301coThe candheshge ird ayer
60 may be Htachi HML22u. Alternatively, the silicon chip 50 can be
adhered to theichneserirémvi tdiia gkize sheedi ngybel nosuchoasbbli AT AGH: F¥r ( DF-
335) manufactured by Hitachi Chemical Conpany of Tokyo, Japan. H ATTACH 335"

(DF-335) is ghb¥er (dyod e;tztg)er nMagR!t WiBUobYPEcr 88h8chht M § Odintgéﬁm@iﬁ-:-rda(ﬂ}) ng.
The bondi ng process generally
.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. This constant can be reduced to about 3 by
replacing the epoxy resin with a cyanate ester resin. The
greater the thickness, however, the greatsr the problems
associated with thickness control, rough surfaces, excessive
drill wear and poor resin refill.
The temperature at which a resin changes from a glass-
like state into a “rubbery” state is gene;ally designated as
Tg. Standard FR-4 is made with a bifunctionally polymerizing
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
cyanate ester:epoxy blend can be used. Additionally,
polyimides provide for carriers having a T, above 250 °C.
The coefficient of ther&al expansion for FR-4 is about 16

-

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



i nvol ves attaching the filmon the carrier 70 at 160[err] C for 5 seconds
with an applied force of 1000-3000 grams; then attaching the silicon chip
50 on the filmat 220[err] C for 5 seconds under a force of 150-200 grans.

19 DF-335 has the follow ng properties Test Remar ks

Units DF- 335 Appear ance Vi sual y

silver film Solid Content 200[ err] G 2h W% [err] 96
Ash Content 600[ err] C-1.5h wt % 40 Ash Content/
600[ err] G-I . 5h wt % sol i d ¥ solid Thickness Di al
gauge Jderrlm. i oa 2Ral G088 S22 ang rRB Filic hi

kgf I merr] beildeh th% PRI Jth" 3= 808k $2-4 ana pudtdilicon chip S0
kgf/ mi err] 271_Nbdul us Di e shear . 4x4rrm.cthi Béégace 30

kgf/chip streffyt jRead to Taflred A | 59e421ntegrat=a circui

during, not only the assembly of the integrated circuit
package 30, but also during the use of integrated circuit
packags 30.

The adhesive layer 60 mway be Hitachi HM122u.
Alternatively, the silicor; chip 50 can bes adhered to the
carrier 70 Qith a die bonding f£ilm such as EIATTACH-335 (DF-
335) manufactured by Hitachi Chemical Company of Tokyo, Japan..
HIATTACH-335 (DF-335) is silver filled thermosetting type
resin film for die-attaqhing. The bonding process generally
involves attaching the film on the.carrier 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.



[err]1 0 250[err]C

RT

0.9 Peel strength 8x8mm chip /bare kgf/chip [err]3.0 240[err]C

(after/ all oy 42 85[err] C 85% 48h) Tg TMA, 180[err]C1lh

[err]C 123 cured Modul us Vi scoel astic Mpa
85[err] C/ 85%RH, 48h wt %

1300 spectroneter Moisture
0.1 O her exanples of adhesives include thernosetting adhesi ves, such

as epoxi es, pol yi m des and silicope. Thernopl astic adhesives that

are hot-nelted, in the formof sheets or*as a pressure sensitive adhesive
tape may al so be used to,ad sili,con chip .50 to the carrier 70.
20 used are g‘ahgg Sl-éa% pos ‘boglrslé'd'lglﬁ é’ré’?%ﬁ%r%, silicones or

Comonl y apes
acry|ics because of their ease of use and easy. inrnrpnrafinn Lntao
production. Tesc Remarks Units CF-335°
Appsarance Visual - silver film
Seclié Ceontanc 200°C-2h we% 256
Ash Content §00°C-1.5h we¥ 40
Ash Contant/ §00°C-1.5h wt¥/solid 42
Solid
Thickness Diallgauge um 25
Tensile R.T. kgf/mm? 7.1
Strasngth
Tansils R.T. kg /mm? 271
Modulus
Die shear 4x4mm chip/3Ag kgf/chip
strangth 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 wtg 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 carrier 70. Commonly



Even though Figure 1 depicts carrier 70 as having four layers 72, 74, 76
and 78, it should be understood by one skilled in the art that carrier 70
may consi st of a single |ayer or nay be a nulti-layered board having, an

al ternate nunber of |ayers. The above descri bed conponents and their
constructions and interrelation provide an assenbly. that is encapsul ated as
descri bed below. The term "assenbly" refers to the assenbl ed conponents

prior to encapsul ation. The assenbly conB
silicon chip 50 and wire bonding 80. The

rises of carrier 70, adhered
Rarrier 70 has a top opening 86

and a cavity 88 with routing strips 82 and bus bars 110 extending into the
top openi ng BE< TRESt GF1BHENE n§3B6S aRd See ThavELFSBE AT open Wit r ESpect

t o one anot her.

The wire bonding 80 process nay begin after silicon chip 50

has been adrermdits bacebee @0.thed|saeh ¢hiysSEasthdasar ineorperatdonhen
positioned on a heated pedestal to raise 21 the tenperature of-the
conbi nati on i1 greicdnkcthehween 100[err] -

Even though Figurs 1 depicts carrier 70 as having four

layers 72, 74, 76 and 78, it should be understood by one

skilled in the art that carrier 70 may consist of a single

layer or may be a multi-layered board having.an alternate

numbear of layers.

The above described components and their constructions

and interrelation provide an assémbly that is encapsulated as
described below. The term “assembly” refers to the assembled
components prior to encaésulation. The assembly comprises éf
carrier 70, adhered silicon chip 50 and wire bonding 80. The
carrier 70 has a top opening 86 and a cavity 88 with routing
strips 82 and bus bars 110 extending into the top opening 86.
The top opening 86 and the cavity 88 are open with respect to
one another.

The wire bonding 80 process may begin after silicom chip
50 has been adhered to carrier 70. Silicon chip 50 and

carrier 70 are then positioned on a heated pedestal to raise



300[err]C. A gold wire having a dianeter typically ranging fromO0.7 to 1.3
mls is strung through a heated capillary where the tenperature may range
bet ween 200[err]-500 err]C. A soldering ball is created at the end of the
wire using either a flame or a spark technique. This soldering ball is then
brought to bondi ng pad 120 on the silicon chip 50 and a conbi nati on of
conpression force and ultrasonic energy are used to create the desired
metal | urgi cal bond. A loop is created ipythe wire bonding 80 above the bond
t hat has just been achieved, and the wire bonding 80 is routed to the

desired Conn‘e%t- ngn?&é%i%gﬁec%{ | Bl 10 aSd QY 1 PGS Byfidedn bigoar

110 and stitch b ng this "stitch”™ technique significantly reduces

the cross- section qf the wi.re at that_pgint 1. a i nag.i _

conpr essi on %%&é% a%ﬁgﬁﬁﬁréSBHi@aﬁnﬁggﬁ gf%mﬁgéga%%??ﬁ?éﬁ%?%%ﬁ??ﬁggégg

met al | urgi cal bond. This process is repeateﬂ unt i | aJJ14he bqndanﬁPads

120 that redi® &%eltedtTisnlisc §hRBRT | BHFIHED Fe PERFPL TR B0 HisF s the

electrically connected to carrier 70. Follow ng_the assenbly of the

above- descr i tempecetponanys rapgei bgt@semiPt’of08peni iy BELATE T 1Badd st h

potting materi al -
reated at the end of the wires using either a flame or a spark

technique. This soldering ball is then brought to bonding pad
120 cn the silicon chip 50 and a combination of compression
force and ultrasonic energy are used to create the desired
metallurgical bond. 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 carrier
70 such as roﬁting strip'82 or bus bar 110 and stitch bonded.
Using this “stitch” technique significantly reduces the cross-
section of the wire at that point. Again, a combination of
compfession force and ultrasonic energy are used to create the
desired metallurgical bond. - This process is repeated until
all the bonding pads 120 that require electrical connection on
the silicon chip 50 are electrically connected to carrier 70.

Following the assembly of the above-described components,

cavity 88 and top opening 86 are filled with potting waterial



22 90 as represented by the dashed |ine above top opening 86 and bel ow
cavity 88. The overall thickness of the conbined |ayers 72, 74, 76 and 78
will define the thickness of the carrier as the potting material wl|l
generally be contained within the top opening 86 and cavity 88. The
overal |l thickness of the layers 72, 74, 76 and 78 will al so depend on the
di aneter or surface area of the side surface termnal 100. The potting
material 90 may be a cyanate ester-type resin, available from Shin-Etsu
Chenical Co., Ltd., as KMC 184VA and KM22188VA-4. Other exanples of potting

materials that _nmay_be used with the.preseni.invention jneljds engxi
@go A F%‘Fa?gg Izn anosxﬁ ‘_5 volé% -%P% §3a

pol yest ers, Jofi nFaes - tyahddc “#2%erant ¢ icone“and dr et hane. The

potting materials may also contain fillers that affect the coefficient of

ther mal expdRdPEnCaaktindd- adPehevetaidn FRACERRST | ¥xi B9 (PO SFhé3¥otEi ng

material 90. The selection of potting materials and fillers will depend

on the conpd@enf$. usednd akd lihdefhnegrke chigtans qQadggEasgiessas | |

be known to those of skill in the art. Potting materials that nay be used

i ncl ude thostedesctihgdmagetrthialt aile Heneralbel be. c8etathednwidthanpbhei ng
top opening 86 and cavity 88. The overall thickness of the
layers 72, 74, 76 and 78 will also depend on the diameter or
surface area of the side surface terminal 100.

The potting material 20 may be a cyanate ester-type
resin, available from Shin-Etsu Chemical Co., Ltd., 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 90. 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.

Potting materials that may be wused include those

described in the table herein below. Selection of a potting



23 material 90 will depend on the materials wused in the integrated

circuit package 30, as will be known by those of skill in the art. 24
Properties of Typical Potting Resins Epoxy Polyester Silicone Urethane
Dielectric constant, D 150 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 1Qzerr] Hz

0. 03 0.001 0.03 Dielectric strength, D-149; V/ml
450 325 aviat 2230 iq, 4 Vol i8S SLILVLE Y <D- 25745 [g{r]tbgm
10: [err] r_“L?JTTaT‘FTl L ”H)‘[ e‘?‘r’?gﬂq CHI:ﬂEI'O'["er ?%t,ﬁ.&-s ¢2dd [ e

integrated circuit package 30, as will be known by those of

skill in the art.



Arc resistance, D-495; seconds 150 135 120

180 Specific gravity, D 792 ' 1.15 1.2 1.05

1.0 Water absorption, D-570; %24 h 0.15 0.3 0.12

0.4 Heat deflection tenperature, D-648; at 264 |Ib/in[err],[err]F

380 260 < 70 < 70 Tensile strength, D-638; Ib/in[err]
9000 10, 000 1000 2000 | nmpact strength (l1zod), D 256; ft

| b/in 0.5 0.3 No break No break
Coefficient of thermal expansion, D 969;240[err]/[err]F _

5.5 7.5 4.0 . 15 Thermal conductivity,. G177, Btu
in/(h-ft[err]F) Propertipsyor Typicgl Potting Repins 1.5 Linear
shrinkage; % 023 3.0 0.-4 20

El ongation, D-638; % - 3 =poxy Polyester SiliSEEe  Ursthane

300 Al t hough—the—board=on-cthrp—fayout—of—TTnregrated circuit package 30 as
depicted in F§FE3*A amF2*h8s Ween descri hegd usi,ng centrglized bopdi ng
pads 120, it shoul’ _;‘ﬁze understood by one skijlJed i_d_the art; yhat thg,

principles of the*présent 25

Dissipation factor, D-150

60 Hz 0.04 0.017 0.00% 0.123

10% Hz 0.03 -—— 0.001 0.03
Dielactric strength, D-149;

V/mil . 450 325 550 400
Voluma resistivity, D-257;

Q - cm 10:5 10!4 10'.5 1013
Arc resistance, D-43%5; saconds 150 135 120 180
Specific gravity, D-792 1.15 1.2 1,05 1.0
Water absorption, D-570; %¥ 24 h 0.15 0.3 0.12 0.4
Heat deflection temperature,

D-648; at 264 lb/in?, °F 380 250 ’ < 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 esxpansion,

D-969; 107%/°F 5.5 7.5 4.0 15
Thermal conductivity, C-177;

Btu * in/(hft*°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

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 | ayouts such as positioned along the sides of the silicon chip
50. Also, it should be noted by one skilled in the art that conduits 84 and

bus bars 110 may be | ocated on a single |ayer of carrier 70. General ly,
a layer of insulated tape or coati-ng may be placed on the bus bars 110 to
increase reliability of electrical isolation. The advantage of a

mul ti-layer carrier 70, however, is the elimnation of any need to insul ate
the bus bars 110. Additionally, the nul €5- |ayer carrier 70 provides a
greater process margin for wire bonding. Figure 3 is a sinplified ‘
Cross-sect i od&@veptégnopran appiégabliedtei e filtl inpkafin it ¥itiycpeprding
designated 32. The integrated circuit package 32 conprises a silicon chip
50 and a car piads 2Q0t hat dlxrsatkaehdaybotsheuwsid i aonoedi pidkd\elamadiesi ve
| ayer 60. In this enbodinent, the carrier 70 conprises three |ayers, a
top layer 72giaBsi 8t etnediiatieohayBip/94oand a bottom |l ayer 76. Side surface

92 is a side surface of both carrier 70 and of the integrated circuit
package 32. Also, it should be noted by one skilled in the art that
conduits 84 and bus bars 110 may be locatéd on a single layer
of carrier 70. Generally, a layer of insulated tape or
coating may be placed on the bus bars 110 to increase
reliability of electrical isolation. The advantage of a
multi-layer carrier 70, however, is the elimination of -any
need to insulate the bus bars 110. Additionally, the multi-
layer carrier 70 provides a greater process margin for wire
bonding. |
Figure 3 is a simplified cross-sectional view of an
integrated circuit package that is genera;ly designated 32.
The integrated circuit package 32 comprises a silicon chip 50
and a carrier 70 that is attached to the silicon chip S0 by an
adhesive layer 60. In this embodiment, the carriexr 70
comprises three layers, a top layer 72, an intermediate layer

74 and a bottom layer 76. Side surface 92 is a side surface

of both carrier 70 and of the integrated circuit package 32.



26 The carrier 70 has a top opening 36, and unlike the enbodi nent depicted
in Figure 1 does not have a cavity 88. As best seen in conjunction w.th
figure 2, routing strips 82 and bus bars 110 extend into the top opening
86. After assenbly, top opening 86. is filled with potting nmaterial
90 . as represented by the dashed |ine above top opening 86 and around
silicon chip 50. Conduits 84 electrically connect side surface
termnals 100 | ocated on side surface 92. In Figure 4 sinplified isonetric
vi ew of an encapsul ated vertical integrafd circuit package 30, 32 for use
in a high density vertica] SIMM The integrated circuit_ packages 30, 32

: TN - 7 el e £pna 5 a3 B ikz. tha
are shown after tH& eftf¥+*patkafds FaveCBelRBr8dpAR-at@f FReE*Tht &Gfat ed
circuit packqﬁfs_SO, 32 are electrically connected to a nother or
si st er - ci r cLIREPASHLBE (FrAicgePi treTISWIE i dessurphckaveraiamlisy168 -depisct ed
on side surface 92 as squares by solder balls or colums (not depicted). In
Figure 5, fcest seegrat etbigunecuibnpatkhgésgdbfe 32 wamer idepiscirdghsi B2skH@ vi ew
as part of a vertical integrated circuit nmodule 200. The verti cal
integrated GusCbiaksmOlSr2d@ 8cboenBdeEY dpshingldy. atirachi agskbAbegl at ed
circuit packages 30, _

: top opening 86  is filled with potting material 90 as
represented by the dashed line . above top opening 86 and around
silicon chip 50. Conduits 84 electrically connect side
surface terminals 100 located on side surface 92.

In Figure 4 simplified isometric view of an encapsulated
vertical integrated circuit package 30, 32 for use in a high
density vertical SIMM. The integrated circuit packages 30, 32
are shown after the entire packages have been encapsulated.
The integrated circuit packages 30, 32 are electrically
connected to a mother or sister-circuit board (not depicted)
by side surface terminals 100 depicted on side surface 92 as
squares by solder balls or columns (not depicted).

In Figure 5, four integrated circuit packages 30, 32 are
depicted in side view as part of a vertical integrated circuit

module 200. The vertical integrated circuit module 200 is

formed by vertically attaching integrated circuit packaées-30,



27 32 on a horizontal nother or sister-circuit board 160. Each integrated
circuit package 30, 32 is electrically connected to the nother or
sister-circuit board 160 by solder balls 150. To attach the integrated
circuit packages 30, 32 to the nother or sister-circuit board 160 sol der
paste is preferably di sposed on the nother or sister board 160 prior to
infra-red or hot air reflow Figure 6 is an isonetric view of an enbodi nent

of a fully assenbl ed verti cal integratgﬁl'circuit nodule 200 of the
present invention. A series of eight ifitegrated circuit packages 30
and/or 32 are connected to a nother or sister-circuit board 160. Sol der

bal I's el ect ritcaldy TFECOERE FREBGFaPEISEFFETT$L TR fOa T80 2592 t Fache
nmot rer or sister-circuit board 160 and replace the | eads used to connect
conventi onal inteeyREF@ Uit Paphirga g, 3Phdsusteoirigwilder deminesteddtioes
the overall profile of the integrated circuit package 30, 32 and the

i nt egr at ed citheuidothestuloer 2iGteki-gireuiti boardi deéovbewsoeldarf bhlilysassenbl ed

verti cal
To attach the integrated circuit packages 30, 32 to the mother
or sister-circuit board 160 solder paste is preferably
disposed on the mother or sister board 160 prior to infra-red
or hot air refiow.

Figure 6 is an isometric view of an embodiment of a fully
assembled vertical inteérated circuit module 200 of the
present invention. A series of eight integrated circuit
packages 30 and/or 32 are connected to a mother or
sister-cirguit board 166. Solder balls electrically connect
the integrated circuit packages 30, 32 to the mother or
sister-circuit board 160 and replace the leads used to connect
conventioﬁal integrated circuit packages. The use of solder
balls reduces the overall profile of .the integrated circuit
package 30, 32 and the integrated circuit module 200.

Figure 7 is a side view of a fully assembled vertical
integrated circuit module 200 having vertical integrated

circuit packages 30, 32 positioned on both sides of é mother



integrated circuit nmodul e 200 having vertical integrated circuit packages
.30, 32 positioned on both sides of a nother 28 cr sister board 160. A
series of seven integrated circuit packages 30 and/or 32 are connected to a
not her or sister-circuit board 160, and as depicted herein, the integrated
circuit packages 30, 32 do not have to be conpletely perpendicular to the
surface 170, 172 of the nother or sister-circuit board 160. |In fact, the
integrated circuit packages 30, 32 can B8 at a nunber of different angl es,
and may even differ in angles fromthe surface of the nother or
sister-circui nd, 160 . ;Angles for_use with fhe present.inventi y be
anywher e fro%rrol%?%'gﬁ ?I%gafé'es'_"%f"r'om"f h%'hb?él,mz%ht%é??':p ‘q‘ﬁ'éé'%h'gﬂ e“iﬁés]’fa“ may

depend on the cgoligg reg$irene ts of the integrated circuingggpka e 30,
32 and its pBEFERERTI n°Yel ATTOW t 0°% h T oUrt™ sdhedt ML Hati®h is
affected by gravity and density considerations, i.e., heat rises, the

vertical intE4FREEUCETFERF t RRididagd$030, 289 na§ bEePsSEEdonRr e as the
maxi m ze heat di ssipation.
integrated circuit packages 30, 32 do not have to be
completely perpendicular to the surface 170, 172 of the mother
or sister-circuit board 160. In fact, the integrated circuit
packages 30, 32 can be at a number of differen;.angles, and
may even differ in angles from the surface of the mother or
sister-circuit board 160. Angles for use with the present
invention wmay be anywhere £from 0 to 90 degrees from the
horizontal. The angle used may depend on the cooling
requiremgnts of the integrated circuit éaékage 30, 32 and its
position in relation to the gfound. Because heat dissipation
is affected by gravity and density considerations, i.e., heat
rises, the vertical integrated circuit packages 30, 32 may be
positioned so as to maximize heat dissipation.

Solder balls 150 éléctrically connect the integrated
circuit packages 30, 32 to the mother or sister-circuit board
1§0 and also provide the support needed to hold the integrated

- circuit packages 30, 32 on the mother or sister-circuit board



Sol der balls 150 electrically connect the integrated circuit packages 30,
32 to the nother or sister-circuit board 160 and al so provide the support
needed to hold the integrated circuit packages 30, 32 on the nother or
sister-circuit board 29 160. Alternatively, other neans of additional
support beside the solder balls 150 nay be provided.to hel p support the
Integrated circuit packages 30, 32 on the nother or sister-circuit
board 160. Figure 8 shows three differenjgconfigurations for the side
surface 92 integrated circuit package 30, 32. Angle 96 is shown at 90, 60

and 45 degregs,as geasured fromthe top surface 94.to the side surface 92.
Dependi ng on THe siye Hiift 35ade OGASErURAES OF Tqﬂ3§7ﬂ%£;zﬁﬂ§§°cﬁr grtand
its operation, the angle 96 fromthe side surface 92 fromthe top surface

94 can be vart¥éd. SHFEQNBREID61IRL| MY SRE VRFPVHRPRNEPNGOHP t FRPRITH | Bige
requirements of the integrated circuit package 30, 32. Solder balls (not
depi cted) canteprabvede ciheuite| epackages cotthectidn émonthde sdodeesurdace

termnals 100 to a carrier .

sister-circuit board 160.

Figure 8 shows three different configurations for the
side surface 92 integrated circuit package 30, 32. Angle 96
is shown at 90, 60 and 45 degrees as measurad from the top
surface 94 to the side surface 92. Depending on the size and
space constraints of the integrated circuit and its operation,
the angle 96 from the side surface 92 from the top surface 94
can be varied. The angle 96 will also vary depending on the
cooling requirements of the integrated circuit package 30, 32.
Solder balls - (not depicted) can provide the electrical
connection from the side surface terminals 100 to a carrier
(not shown) which can be a mother or a sister board. As can
be seen in conjunction with figure 7, by varying the'angle 96
of the side surface 96 the side surface terminals 100 and
carrier 160 can be parallel. Likewise, the surface of the

s@de surface terminal 100 does not have to be parallel to the

é surface of the mother or sister-circuit board 160 due to the



(not shown) which can be a nother or a sister board. As can be seen in
conjunction with figure 7, by varying the angle 96 of the side surface 96

the side surface termnals 100 and carrier 160 can be parallel. Li kew se,
the surface of the side surface termnal 100 does not have to be parallel
to the surface of the nother or sister-circuit board 160 due to the 30

use of solder balls 150 to connect the intearated circuit packages 30, 32
and the nother or sister-circuit board 360. The solder balls 150 used with
the present invention may be used to attach the integrated circuit packages

30, 32 to the fopber. qr_gi steq ciLauit board 160 using conventional sol der
refl ow systens. ~FOr exanpl &, a“vapor phasé sol def réeflow System may be

used, which condenses vapgr to surround the integrated chcuitr£ackage 30,
32 and the MAHAST O stér 28% r SR ("Udd OF6F Wt “S1EFBaA BPAEt et~ A
l'iquid, such as a nonchl orinated gnon CFC) fluorocarbon is first heated
wi th enough ener ipet §oléempligpdpOangetiovitat bhe Rrsssr dvergionweal t he
integrated circuit package 30, 32 s
be used to attach the integrated circuit packages 30, 32 to
the mother or sister-circuit board 160 usihg conventional
solder reflow systems. For example, a vapor phase solder
reflow system may be used, which condenses vapor to surround
the integrated circuit package 30, 32 and the wmother or
sister-circuit board 160 with a cloud of steam. A liquid,
such as a nonchlorinated (non CFC) fluorocarbon is £first
heated with enough energy to form a vapor and to sustain a
vapor cloud. When the integrated circuit package 30, 32 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, 32. As long as the integrated circuit package 30, 32
remains in the vapor, the vapor continues to give off energy

at a repeatable fixed rate and temperature, until the

integrated circuit package 30, 32 reaches the temperature of

-

the vapor.



t hen passed through the vapor, the vaporized |Iiquid condenses thereon and
gives off the |atent heat of vaporization. This energy is then transferred
to the integrated circuit package 30, 32. As long as the integrated
circuit package 30, 32 renmains in the vapor, the vapor continues to give
off energy at a repeatable fixed rate and tenperature, until the integrated

circuit package 30, 32 reaches the tenperature of the vapor. 31 The
advant age of using a nonchlorinated fluorocarbon is that it is extrenely
thermally stable, colorless, odorless add nonflammble. In addition, it

has a low toxicity, |ow surface tenperature, |ow boiling point, and | ow
heat of vaporizati’®¥® dd¥@atsectaé BFind #orANELiehinatmd dlilueriosarben is
fluorocarbon is inert, it does not react with fluxes or conponent

mat eri al s, ndthadoés is ewvemblpxygEmalotsieblgasesldtiadss;awseieast aads
during the solder reflow Most commercially available fluorocarbons

used for vaparonfhassanhf) ownasedioichil atetiakOaVaperiia dleyl) eolselysatkabl e

refl ow tenperatures for different :
temperatﬁre, low boiling point, and low heat of vaporization.
Because the fluid form of the non-chlorinated fiuorocarboﬁ is
inert, it does not react with fluxes or component materials,
nor does it absorb oxygen or other gases that cause resactions
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.

The vaporization temperature will depend on the solder

type being used. A brief 1list of the vaporization

temperatures for different types of solder balls is shown

below.



sol der materials, as will be known to those skilled in the art. The

vapori zation tenperature wll depend on the sol der type being used.
brief list of the vaporization tenperatures for different types of
sol der balls is shown bel ow. 32 Vapori zation Tenperatures and Sol der
Types Fluid Tenperature Sol der Type. 56, 80, 97, 101.

102[err]C and I55[err]C 100In 37 Sn/33 Pb/25 In 165[err]C

70 Sn/18 Pn/12 In 70 In/30 Pb 174[err] Ga
In/40 Pb 190[err]C
Sn/ 37 Pb 70 Sn/30 Pb 60 Sn/ 40 Pb

60
90 In/10 Ag 50 In/50 Pb 63

Vaporization Temperacurss and Soldar Types

215°C and 230°C

240°C and 253°C

260°C and 265°C

S0
50
63

70 §

60

60
60
63
70
62

75
gl

96

sn/30 Pb
Sn/36 Pb/2 Ag

Pb/25 In
Pb/19 In

.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 to 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

reach interior areas as efficiently as with vapor saturated



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 253[err]C

75 Pb/25 In 81 Pb/19 In 260[err]C and 265[err]C 96.5
Sn/3.5 Ag Alternatively, infrared or radi ant heated sol der refl ow nay be

used. In such a system each.conponent of the soldering systemis directly
exposed to radiation froma heating elenent. Heat fromthe radi ant energy
el enent is absorbed by the different conponents according to its nol ecul ar
structure. Conventional radiant heat sy8Bens expose only the outer surfaces
of the conponents to the radiant heat, which may not reach interior areas
as efficient Rpaaangi MELhapsr asatdesadded oTreat i i nes hodovwasades awitbed
above. It is, however, not generally affected by this typical problem
beqause of taensesdly affscted by this typical procblem becauss of thes use

of solder balls 150 instead of leads. In 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 present invention can also solve other problems
associated with solder reflow systems. These problems include
the «creation or failure due to voids, coplanarity,
tombstoning, open joints, component cracking, thermal shock
and thermal stressing alcng the entire planar surface of
integrated circuit packages by positioning the solder balls
150 along a vertical line rather that over a horizontal plane.

The present invention can solve these problems because it
dispenses with the need for electrically connecting soldering
leads to the integrated circuit package 30 and because tensile
stress is directed in two dimensions, rather than three.
Furthermore, by using solder balls 150 instead of leads, the

problems associated with voids around pad areas or under leads

caused by incomplete reflow or poor welding of the sdidering



of solder balls 150 instead of |eads. In fact, due to the reduced overal
size either nethod, vapor phase solder reflow or radi ant heated sol der
reflow, may be effectively used with the present invention. The present

i nvention can al so solve other problens associated with sol der refl ow
systens. These problens include the creation or failure due to voids,
coplanarity, tonbstoning, open joints, conponent cracking, thermal shock
and thermal stressing along the entire pjaanar surface of integrated circuit
packages by positioning the solder ‘balls 150 along a vertical |ine rather

t hat over a horizontal plane. The present invention can solve these

probl ens becaitFadd dliss pensiosidey tiim=xneexl badlel ecidicad | yucdarest iag
soldering leads to the integrated circuit package 30 and because tensile

stress is dignagliadtcbl. t Wonhdi SEASI QRS off Adiflarddian A Rhge ohBELBRLABT &xe DY
usi ng solder balls 150 instead of |eads, the problens associated with voids

around pad %&Eésré’&uéfﬁ@%fr L8 34$n LAUS G0k g | RO RIS 2hh Qw186 RRET eyl di ng

of the sol dering
vertical connection because surface tansion on both sides of

the solder balls 150 is equal and because of the two-
dimensional nature of the attachment between the integrated
circuit packages 30, 22 and the mother or sister-circﬁit board
160.
Open joints 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, can
cause the integrated circuit package to split open, usually at
one of the corners. The splitting of the package can cause
wire bonding from the lead frame to the silicon chip to break
and in some cases the silicon chips have cracked due to the
warpage at the top of the package as the tempefature
differentials between the top and the bottom of the device

cause different rates of expansion.



surface due to inproper flux or badly oxidized surfaces is elimnated. The
probl ens of coplanarity and tonbstoning are al so reduced or elimnated
using the solder balls 150 and the vertical connection because surface
tension on both sides of the solder balls 150 is equal and because of
the two- dinensional nature of the attachnent between the integrated
circuit packages 30, 32 and the nother or sister-circuit board 160. Open
joints are usually caused by problens with coplanarity, while cracking may
occur when trapped noisture within anirﬁ%@rated-circuit package expands as
the device is heated for reflow. The increase in internal pressure, can
cause the integrdisithgicheuprepaukdgeshoiop) i thoperly ssudbty cemmrestnfrd he
corners. The splitting of the package can cause wire bonding fromthe | ead
frame to thedsitéeome ol priax Rieak cuwh- Niss e LaseHh & EIdd-cwalghiys have
cracked due to the warpage at the top of the package as the
tenperature ghfepenthakscbehyeenntbg %ﬁﬁo@%dé&Q%eQOR%@EkO%h%Q% RS
cause different rates of expansion. :
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 packages 30, 32 as a
whole, allows for any of the reflow systems to be used with
the Dbecause the temperature differential between the
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 components of the integrated circuit package 30,
heat reflow effects and problems can be ﬁinimized.

In yet another embodiment 6f a three dimensional vertical
integrated circuit module 200, solder columns replace the
leads used to connect conventional integrated circuit packages
to, for example, a motherboard. The use of columns reduces

the overall profile of the integrated circuit package 30 and

the integrated circuit module 200.



35 Using the present invention, the only surface tenperature differential

t hat need occur is between the solder ball 150 and the carrier 70, which

al l ows either vapor phase solder reflow or radi ant heat solder reflow to be
avai |l abl e for producing the present invention. The snmall size of the sol der
balls 150, and of the integrated circuit packages 30, 32 as a whole, allows
for any of the refl ow systens to be used with the because the

tenperature differential between the,conponents is alnost negligible.
Furthernore, by selecting a potting matérial 90 having a coefficient of
thermal expansion simlar, or equal to, the coefficient of thernal
expansi on of theTn¢fuﬂasa@np@nEﬂm@;Qﬂi ﬁh@rﬁnﬁé@reﬁ+%9W§lF@El?ﬁﬁac%ag%ﬁ%&)

heat refl ow effects and problens can be mninm zed. In yet another

enbodi nent etaakihgeeofli Mpreheaakdveritaaic | pheyrgeed 304 cB3i2t Hodal erR00,
sol der colums replace the | eads used to connect conventional integrated
circuit paCkﬁg‘é?réQadf UiRX3W| Rodaravt iigs bosiLt He@ikvsesof agolewesaxeduces

the overall profile of the integrated circuit package 30 and the integrated

circuit rmd'ﬂ-e&ugtp on 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 allows reduction of ths overall number of steps in the
assembly of SIMMS by strszamlining the assembly process not
only in reduced number of steps, but also by elimination the
curing steps associated w;ith encapsulating integrated circuit.
The present invention further allows reduction of the amount
of material used in producing integrated circuit packages 36,
thereby saving time, money and thé environment.

Furthermore, the method of the present invention can take
advantage of the side surface terminals 100 on the side
surface 92 of the carrier 70 to electrically connect the
integrated ¢ircuit packages 30, 32 for potting the wire
bonding 80 that connect the silicon chip 50 and the carrier 70
in a single step. By filling the opening 86 with potting

material 90, the wire bonding 80 between silicon chip 50 and



36 The present invention, therefore, allows for the vertical stacking of
.integrated circuit packages 30, 32 into an integrated circuit nodule 200

t hat achieves an overall reduction in height. It also allows for decreased
failure due to the reduced nunber of soldered materials having varying
coefficients of thermal expansion. The present invention further allows
reduction of the overall nunber of steps in the assenbly of SIMVS by
streanm ining the assenbly process not ord% in reduced nunber of steps, but
al so by elimnation the curing steps associated with encapsul ating
integrated circuit. The present invention further allows reduction of the
amount of nattdiE gergsed T i5r odoeraly muefested Eromuite RvKkaeage3p, and

t hereby saving tine, noney and the environnent. Furthernore, the nethod of
t he present iiwaddtdrulanlyakeoaduosd ajecof mbhstsrdedsar tacehbehermaktsc100
on the side surface 92 of the carrier 70 to electrically connect the

integrated cidgtdirle p&8CkREESncHbswI2tfidn potting the wire bonding 80 that
connect the silicon chip 50 and the carrier 70 in a single step. By

filling the openi B; 86, GROLLEPInGBL KL | Ale raddltf MR 1ROBAERIGE 30,

between silicon chip 50 and -
32 of the pressnt invention greatly raduces the overall
profile by allowing the non-operative or backside of the
silicon chip 50 to be exposed. By hermetically protecting the
connections between the silicon chio 50 and the carrier 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 or columns to attach the integrated circuit
module 200 to the mother or sister board 160 because there are
no leads that may bend and there are no deviations from the
plane of the mother or sister-circuit board 160 to which the
integrated circuit paékages 30, 32 are being connected.

Additionally, reduced environmental impact is obtained
using the method and apparatus of the present invention due to
the overall decrease in the size of the- integrated circuit

-

package 30, 32 and integrated circuit module 200.



37 the carrier 70 is generally protected fromthe environnment and is
particularly protected fromnoisture due to the hernetic nature of the
encapsul ation. This means of potting the integrated circuit package 30, 32
of the present invention greatly reduces the overall profile by allow ng

t he non-operative or backside of the silicon chip 50 to be exposed. By
hermetically protecting the connections between the silicon chip 50 and the
carrier 70 at the top opening 86, there %? no need to conpletely
encapsul ate the entire assenbly. The probrens of coplanarity are elimnated
by using solder balls 150 or columms to attach the integrated circuit

nodul e 200 to the "PRddReFRéF LnseRtigpdtas IeEhaisasrdbedeia gedenenteads
that may bend and there are no deviations fromthe plane of the nother or

si ster-circuiitllyssrat 180 empodiinehtshethis edesteibdiarc dist npackageadaq, £32
are being connected. Additionally, reduced environnmental inpact is obtained
using the netdeodomsdrappaiftaisy thidiiey ANt MAEBLEOROEY®iEQtions and

combinations of the illustrative embodiments, as well as other
embodiments of the invention, will be. apparent to perséns
skilled in the art upon reference to the description. It is
therefore intended that the appended claims encompass any such

modifications or embodiments.



the overall decrease in the size of the integrated circuit package 30, 32
and integrated circuit nodul e 200. 38 While this invention has been
described in reference to illustrative enbodi nents, this description is not
intended to be construed in a limting sense. Various nodificatioons and
conbi nations of the illustrative enbodi nents, as well as as ot her embodi nents

of the invention, will be apparent to persons skilled i rlml‘lmm1 mlfuela“l
reference to the description. It is thergfore intended t
claims enconpass any such nodifications or enbodinents. * 39 Wha

clainmed is: 1. An integrated circuit package conprising: a carrler haV|ng
a top surfacdihat disdelandedngsor nore routing strips being integral with

said carrier;
1. An integrated circuit nackage comprisin

a carrier having a top suriacs, a side and ons or more
routing strips being integral with said carrier;

one or mofe terminals disposed on a side of said carrier,
at least one of said terminals being electrically connected
with at least one of said routing strips;

a chip adhered Eo said carrier, said chip having one or
more bonding pads, wherein said one or more bonding pads are
electrically comnected to at least one of said routing strips;
and

potting material covering at least a portion of said

routing strips, wire bonding and bonding pads.

2. The integrated circuit package as recited in claim
1 wherein said carrier includes at least one bus bar being
integral with said carrier, said at least one bus bar
electrically connected to at least one of said terminals on

sgid side surface of said carrier.



one or nore termnals disposed on a side of said carrier, at |east one of
said termnals being electrically connected with at | east one of said

routing strips; ,a_Qth_adheFed—to—said carrier, said chip having one or

nor e bondi ng pads e or nore bonding pads are electrically
connected to at mmmi!w‘m routing strips; and potting materi al
covering at Ieast sald routing strips, wire bonding and
bondi ng pads. 2. The integrated circui #0package as recited in claim1
wherein said carrier includes at | east one bus bar being integral with said
carrier, said at |east one bus bar electrically connected to at |east one
of said term nal s3on sihe sngegmndhon pfuigainhakage as. recined3in cTaim

integrated circuit package as recited in claim1l further conprising at
| east one sollddurdid=r dospuisingretatldeastomnadifdesaibdlieiisnassd dbsposed

on said side surface of said carrier.
least one of said terminals disposed on said side surface of

said carrier.

4. The integrated circuit package as recited in claim
1 wherein said potting material encapsulates said chip and

wherein said potting material has a thickness of about 6 mils.

5. The integrated circuit package as recited in claim
1 wherein said carrier has a thickness of at least about 30

mils.

6. The integrated circuit package as recited in claim
1 wherein the overall profile of said package is between about

40 mils and 50 mils.

7. The integrated circuit package as recited in claim

1 wherein the profile of said package is about 41 mils.

-



4. The integrated circuit package as recited in claim1l wherein sai d
potting material encapsul ates said chip and mhereLn_saLd_thtlng mat eri al -

has a thi ckness of about 6 mls. 5. The |ntegrate ackage as
recited in claim1 wherein said carrier has a thick Hmw Eummmbou_t
erein

30 mls. 6. The integrated circuit package as rec

the overall profile of said package is between about 40 m s and 50 mls.
7. The integrated circuit package as rqqgited in claim1l wherein the
profile of said package is about 41 mls. 41 8. The integrated circuit

package as recited in claim1l wherein the profile of said package i S about
44 mils. 9. The it egrdfed "GHEArEpEEKEHEE BRAFERIY AF | FREH I P Y ST n
the profile of said package is about 47 mls. 10. The integrated circuit
package as r ekivthargip thei profikeref nsat gaakadee isf abaud package.is about
50 mls.

9. The integrated circuit package as recited in claim

1 wherein the profile of said package is about 47 mils.

10. The integrated circuit package as recited in claim

1 wherein the profile of said paékage is about 50 mils.



42 11. A high density vertical nodule conprising: a horizontal circuit
board; and at | eastone-integrated circuit package having a verti cal

surface and a si | ar_to said surface, and having term nals on
said side surfac T!I iﬂma ‘ MLcal_ly connected to said circuit board.
12. The hi gh densi Ve S le as recited in claim21l further

conprising a plurality of tabs being integral with a top surface of said
circuit board. 13. The high density verti&al nodul e as recited in claim1l
wherein said nodule further conprises one or nore integrated circuit
packages electrically connected to said circuit board to the side surface
termnal s of sai d'}nt eyritidd Serpétyt vrekeRfestodule IRIOHIFAEensi ty
vertical nodule as recited in claim 13 wherein said integrated circuit
packages conprisea horizontal circuit board; and
at least one intsgrated circuit packages having a vertical
surface and a side perpendicular'to said surface, and having
terminals on said side surface that are electrically connected

to said circuit board.

12. The high density vertical module as recited in claim
11 further comprising a plurality of tabs being integral with

a top surface of said circuit board.

13. The high density vertical module as recited in claim
11 wherein said module further comprises one or more
integrated circuit packages electrically connected to said

circuit board to the side surface terminals of said integrated

circuit packages.

14. The high density vertical module as recited in claim

13 wherein said integrated circuit packages comprise:

4



43 a carrier having an opening and a side surface, and at |east three
routing strips being integral with said carrier and extending into said
opening; at |east three term nals disposed on sai dside-surface, _said.at

| east three term nals disposed on said side surface | trlcally
connected with at |east three of said routing stripH @Ur
said carrier, said chip having at |east three bondi H dlng
electrically connecting said at | east tlagee bonding pads to said at |east
three routing strips; and potting material filling said opening. 15. The
high density vertical nodule as recited in claim14 wherein said integrated
circuit packages farederignctardarqatan egsiniorge dub dbagidmingiatteggraald it h
said carrier and extending into said opening, said bus bar electrically
connected to daist bontingrqadngant Gasd SEmy naltedgdiagpeset @rigaidhrelide
surface of said carrier.
and extending into said opening;
at least three terminals disposed on said side surface,
said at least three terminals disposed on said side surface
being electrically connected with at least three of said
routing strips;
a chip adhered to said carrier, said chip having at least
three bonding pads;
wire bonding electrically connectihg said at least three

bonding pads to said at least three routing strips; and

potting material filling said opening.

15. The high density vertical module as recited in claim
14 wherein said inteérated circuit packages further include at
least one bus bar being integral with said carrier and
extending into said opening, said bus bar electrically
connected to said bonding pads and said terminals disposed on

said side surface of said carrier.



44 16. The high density vertical nodule as recited in claim11 further
conpri si ng sol der—balts-disposed hetween said integrated circuit package

and said circuit igh density vertical nodule as recited in
claim1l furthed, " Hu q r colums di sposed between said integrated,
ci.rcuit package and csal It boar d. 45 18. A high density

“doubl e-sided wvertical nodule conprising: a circuit board having a top tab
and a bottomtab; a first integrated circuit package having a side surface
ternminal, said side surface terninal of 44aid first integrated circuit
_package being electrically connected to said top tab of said circuit board,
and a second i nt egrlat ed?E PEER tigRRdkNgESRBIFHY Rrdideons spattedirfmcdain
termnal, said second integrated circuit package being electrically '
connect ed t o Ehi dusshesmeavrifsingi ds@ld=ui babdar Bidpaasgh batdesmcanrddsi de
surface term nal

' integrated circuit package and said circuit board.

17. The high density vertical module as recited in claim
11 further cowprising solder columns disposed between said

integrated circuit package and said circuit board.



19. Thé hi gh density doubl e-sided nodule as recited in claim218 further
conprising at least three tabs being integral with_said circuit board. 20
The high density doubl e-sided nodule as recited in ¢l ai m I8 furt hefr—

conprising sol der balls disposed between said term (r:’ 'Hmi rat ed
circuit packages and said tabs of said circuit boar I, rﬂmgcess
of providing a high denS|ty nodul e produced by a proces cbnpﬂlssn
steps of: obtaining a circuit board havi4sy a top; and electrically
connecting at |east one integrated circuit package having a side surface |

termnal, said first integrated circuit package being electrically

connected to said* fop of Bigh cRpRELtYbodRUF-GdgRIsaivErSigelsurtedele

termnal of said integrated circuit package. 23. The process as recited in

claim 22 furepeprisisidrdi ng the step of electrically and perpendicularly

connecting at least two integrated circuit packages to said circuit board.
a circuit board having a top tab and a bottom tab;

a fi;st integrated circuit packége having a side surface
Eerminal, said side surface terminal qf said first integrated
circuit package being electrically connected to said top tab
of said circuit board; and

a second integrated circuit packagelhaving a second side
surface terminal, said second integrated circuit package being
electrically connected to said bottom tab of said circuit

board through said second side surface terminal.

19. The high density double-sided module as recited in
claim 18 further comprising at least three tabs being integral

with said circuit board.

20. The high density double-sided module as recited in
claim 18 further comprising solder balls disposed between said
terminals of said integrated circuit packages and said tabs of

rd

said circuit board.



24. The process as recited in claim22 further including the step of
‘di sposi ng sol derbatt+—between-said side surface termnal of said integrated
circuit package”

' of said circuit board. 47 25. The process
as recited in c Jm’ g ancl udi ng the step of disposing.solder
col utms bet ween said Ic Micircuit and said top of said circuit board.
26. The process as recited in claim22 further including the step of
integrally attaching at |east three tabs to said circuit board. 27. The
process as recited in claim22 wherein 4& d integrated circuit package is
further defined as being connected in a substantially perpendi cul ar. manner
to said circuit Bdard® 28¥oCe¥he PF o R8s Fecht eBIFR T ED MREdEn
said integrated circuit package is further defined as being connected at an
angl e bet wedrBicgddbg0adpyeeess t conptidigia tiist sbeasdoL:
obtaining a circuit board having a top; and
electrically connecting at least one integrated circuit
- package having a side surface terminal, said first integrated
circuit package being electrically connected to said top of

said circuit board through said side surface terminal of said

integrated circuit package.

23. The process as recited in claim 22 further including
the step of electrically'and perpendicularly connecting at

least two integrated circuit packages to said circuit board.

24. The process as recited in claim 22 further including
the step of disposing solder ball between said side surface
terminal of said integrated circuit package and said top of

said circuit board.
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25. The process as racited in claim 22 further including

'.l
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the step of disposing soldsr columns betwsen said

circuit and said top of said circuit board.

26. The process as recited in claim 22 further including
the step of integrally attaching at least three tabs to said

circuit board.

27. The process as recited in claim 22 whersin said
integrated circuit package is further defined as being
connected in a substantially perpendicular manner to said

circuit board.

28. The process as recited in claim 22 wherein said
integrated circuit package is further defined as being
connected at an angle between 30 and 90 degrees to said

circuit board.



