
;?@ABe3eP}Pttu<xvx|6|T}23 August 2002  1 VERTICAL BALL GRID ARRAY
INTEGRATED CIRCUIT PACKAGE TECHNICAL rc IELD OF THE I~T'JENTION The present
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.
23 August 2002 2 witl ba 3yC::G~OL~rID OF ~~, rrr,;r~rrT-rorr tout limiting
the scope of the in-r~ntion, its ~d is described in connection with memory
modules, as an examn e. Her tofore, in this field, integrated circuits have
been formed o semiconductor wafers. The wafers are separated into individu
1 chips and the individual chips are then handled and packaged. The
packaging prccess is one of the most critical steps in;the integrated
circuit fabrication process, both from the poin~ of view of cost and of
reliability. Specifically, the pac aging cost can easily exceed the cost of
the integrat d circuit chip and the majority of device failures are gene
ally packaging related. The integrated circuit must be packaged in a
suitable media th t will protect it in subsequent manufacturing steps and
from the environment of its intended application. Wire bonding nd
encapsulation are the two main steps in the packagin process. wire bonding
connects the leads from the chip to t a terminals of the package. The
terminals allow the integrated circuit package to be connected to other
23 August 2002 3 components. Following wire bor_d'g, encapsulation is
employed to' seal the surfaces from moisture and contamination and to
protect the ~rrire bonding and other components from corrosion and
mechanical shock. Conventionally, the packaging of integrated circuits has
involved attaching an individual chip to a lead frame, where, ~ following
wire bonding and encapsulation, designated parts of 



the lead frame become the terminals of the package. The packaging of
integrated circuits has also involved the placement of chips on a surface
where, following adhesion of the chip to the surface and wire bonding, an
encapsulant is placed over the chip to seal and protect the chip and other
components.   23 August 2002 4 Su~lbL=.RY 0= "'^= T~rIc:ITTOrl Common'_y,
integrated circu'_t packag_s are attached to other components to form a
module. Memory chip packages, e.g., are mounted on a board to form a single
inline memory module (SIMM). SIMMs may, for example, be used to increase
the memory of typically personal computers. As memory demands increase, so
has the need for '_ncreased 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
distance between connection, but also, the number of memory units that may
be positioned on a single mother or sister-board. Therefore, it is
recognized herein that 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
arrangements that provide for the close proximity of   23 August 2002 5
integrated 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 memory 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
environment of its intended purpose. The present invention disclosed herein
includes an integrated circuit page, a high density electrical circuit
module and a high density double-sided electrical circuit module. The
packaging 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 angle-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.
According to one aspect of the present invention, there is 



provided an integrated circuit package comprising: a carrier having a pair
of major opposing external surfaces, an external side surface disposed
between said major opposing   23 August 2002 6 surfaces, at least one
routing strip integral with said carrier and a cavity defined in said
carrier and extending through said carrier between said pair of major
opposing surfaces, a portion of said routing strip extending into said
cavity; at least one terminal for external connection to said carrier
disposed on said side surface of said carrier, said at least one terminal
being electrically connected with said at least one routing strip; a chip
adhered to said carrier along one of said opposing major surfaces, said
chip having at least one bonding pad extending into said cavity; an
electrical connection disposed within said cavity connecting said at least
one bonding pad to said at least one routing strip; and potting material
disposed in said cavity covering said portion of said at least one routing
strip disposed within said cavity, said electrical connection and said at
least one bonding pad and forming a surface coplanar with at the other of
said pair of opposing major surfaces.   23 August 2002 7 In one embodiment
the side surface is generally perpendicular to one of the major surfaces.
The side, however, can be at an angle from 30 to 90 degrees (but preferably
at least 45) relative to the major surface. 



The carrier can be a circuit board type of material, such as a high
temperature epoxy resin. Integral to the carrier means that the routing
strips can be within or on the surfaces of the carrier. In one embodiment
of the present invention the integrated circuit package further comprises
at least one solder ball disposed on at least one of the side surface
terminals disposed on the carrier. The carrier and the package have a
common side, and the side surface terminals 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
example, 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 package is between about 40 mils
and 50 mils. In yet other embodiments the thickness of the package is about
41, 44, 47 or 50 mils.   23 August 2002 8 According to another aspect of
the present invention there is provided a high density electrical circuit
module comprising a high density vertical module comprising: a printed
circuit board having a substantially planar top surface for connection to
external devices; and at least one said external device in the form of an
integrated circuit package having a major surface and ~ side minor surfaces
extending from said major surface, at least one of said side surfaces
having electrical side surface terminals thereon in intimate contact with
and electrically connected to said printed circuit board at said top
surface; The high density module may further comprise a plurality of tabs
being integral with the top or the bottom of the circuit board. 



According to another aspect of the present invention there is provided a
high density double-sided electrical circuit module comprising:   23 August
2002 9 a printed circuit board having a top surface with at least one
terminal and a bottom surface with at least one terminal, both surfaces
adapted for connection to external devices; a first external device in the
form of an integrated circuit package having a major surface and a first
side surface extending from said major surface and having thereon a first
side surface terminal, said first side surface terminal of said first
integrated circuit package being electrically connected to said top surface
terminal of said printed circuit board through said first side surface
terminal; and a second external device in the form of an integrated circuit
package having a major surface and a second side surface extending from
said major surface and having thereon a second side surface terminal, said
second integrated circuit package being electrically connected to said
bottom surface terminal of said circuit board through said second side
surface terminal. The integrated circuit package can further include bus
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   23 August 2002 10 least one the terminals disposed on the first and
the second surfaces of the carrier. Even though the invention is sometimes
described herein in terms of the integrated 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 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
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.   23 August 2002 11 a~T~ = DE~C~ ~
~Tlc~r c= T=Tr D~~;arVCs For a more complete understandi.g of the features
ar_d 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 I is a simplified end
cross-sectional view of an embodiment of a vertical integrated circuit
package; Figure 2 is a simplified top view of a vertical integrated circuit
package; Figure 3 is a simplified end cross-sectional view of a vertical
integrated circuit package; Figure 4 is a simplified isometric view of an
encapsulated vertical integrated circuit; i 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;   23 August 2002 12 Figure 7 is a simplified
end v;e:a of a SIMM having vertical ir_cegrated circuit packages attached
to both sides thereof in difrerent configurations; and Figure 8 is a side
view of different configurations for 



the side surface of the integrated circuit package.   23 August 2002 13
DSTaI~ED DS~C=mrTo~r o~ TrL ~~rl~,rrTTO~r Trlhile the making and using of
various embcdiments of the present invention are discussed in detail below,
it should be appreciated that the preser_t invention provides many
applicable inventive concepts which can be embodied in a wide variety of
specific contexts. The specific embodiments discussed herein are merely
illustrative of specific ways to make and use the invention and do not
delimit the scope of the invention. The present invention can be related to
integrated circuits using a board-on-chip design to enable a plurality of
integrated circuit packages to be vertically (or perpendicularly) attached
and electrically connected to at least one side of a circuit board to form
a SIMM. By t vertically connecting the integrated circuit 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.
23 August 2002 14 Figure 1 is a simalified cress-sectional view of an
lntegraCeC. CirCUit paC~dg2 that is generally designated 30, The integrated
circuit packag? 30 comprises a silicon chip 50, which can be, for e:{ample,
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. The adhesive layer 60 may be made of, for example, a
double-sided adhesive polyamide tape, adhesive glue or epoxy. The carrier
70 is depicted having four layers, a top layer 72, an intermediate layer
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 j 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 that the terms "top" and "bottom" as well as the terms
"side"   23 August 2002 15 and "end" are used 'or illustrat'_on purposes
only, as the _n~egrated circuit pac!~age 30 ef the present invention can be



assembled and used in a variety of posit=ons and ways. Intermediate layer
75 includes a pair of bus bars 110. The bus bars 110 are electrically
connected through conduits 84 to one or more of the side surface terminals
100 on side surface 92. Side surface terminals 100 on side surface 92,
function as terninal and side surface of integrated circuit package 30, and
can 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 material that is
suitable for creating electrical interconnects and soldering that sustains
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   23 August
2002 16 pads 120 are ccnr.ected to rout'_ng str_ps 82 and bus bars i.0 by
wire bonding o80 to routing st=ips o2. The bus bars li0 may serze, ror
example, 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 another function, such as a ground. The carrier 70 may be constructed
f=om 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. In
selecting the material for carrier 70, one skilled in the art will
recognize that four parameters should be considered, namely, thickness,
dielectric constant, glass transition temperature and the coefficient of
thermal expansion. Other materials for use with the carrier are high
temperature epoxies such as FR-5 or ST-resin, available from Allied Signal,
U.S.A. or Mitsubishi, Japan, which may also 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   23 August 2002 17 gi~:en lay r. The
=e'_nforc'_ng glass cloth can range in thickness from 2 mil pe. s:~eet
(type 106) to about 8 mil per sheet (type 7628). The dielectric constant is
determined by a combination of the resin used and the thickness and type of
reinforcement used. Standard FR-4 has a dielectric constant of about 4.5.
This 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
wear 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. Standard FR-4 is made with a bifunctionally polymerizing epoxy that has
a Tq of about 110 C. Higher Tg temperatures, such as 12S-150 C may be
withstood by using a tetrafunctional epoxy. For higher Tg values, in the
range of 150 to 200 C a cyanate ester: epoxy blend can be used.
Additionally, polyimides provide for carriers having a Tg above 250 C. The
coefficient of thermal expansion for FR-4 is about 16 ppm/C. A difference
in the coefficient of thermal expansion   23 August 2002 18 bet:le~_T'i
c:~~e carrier 70 made from ~~-: an;~ t~.e sil icon chip SO can lead to
railure or the integrated circuit package 30 during, not onl~r 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 HM122u.
Alternatively, the silicon chip 50 can be adhered to the carrier 70 with a
die bonding film sucr. as HIATT~CH-335 (DF335) 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 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. 1   23 August 2002 19 Dr-335 has the follc`airg p=operti~s
'_'estRemarksVin? isC~ -335 .ppearanc2Visual-s=leer fi=mSolid
Cont~.^.t200'C-2hwt~i95?sh Content500'C-1.5hwt%40nsh
Coztent%500'C-1.5hwt%/solid42JO11GThicknessDial
gaugeccm25ensileR.T.kg=!mm~7.1Str ~::gth'='ensileR.T.kg~/mm~271ModulesDie
shear4x4mm chip/Agkgf/chipstrengthplated alloy 42R.T.210250C0.9peel
strengthex8mm chip /barekgf/chipi3.0240C (after/alloy 4285C 85%,48h)TgTMA,
180C-lhC123curedModulesViscoelasticMpa1300spectrometerMoisture85''C/85%RH,
48hwt%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   23
August 2002 20 LIS~d are adhesive tapes Jaj2d Oil _laStCmerS, sl1'_COI:=S
O= aCr :'7 '! CS ~.72CaLCS2 O~ tl':e~= _aSa O_' uS2 and eaS`i lnCO D r r_ c
ation into production. Even though Figure 1 depicts carrier 70 as ::awing
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
mufti-layered board having an alternate r_umber of layers. The above
described compcnents and their constructions and interrelation provide an
assembly that is encapsulated as described below. The term "assembly"
refers to the assembled components prior to encapsulation. The assembly
comprises of 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 silicon chip 50
has been adhered to carrier 70. Silicon chip 50 and carrier 70 are then
positioned on a heated pedestal to raise   23 August 2002 21 the _tempera
tu=c Of ~.~'le C.^.m~>1:'?at-Cn tC a ^O1_^_t b_tC:2en 100' 300'C. A gold
wire having a diameter typically ranging from 0.7 to 1.3 mils is strung
through a heated capillary :~ner~ the temperature may range betweer_
200'-500'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
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 routing 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
compression force and ultrasonic energy are used to create the desired
metallurgical bond. This process is repeated until a11 the bonding pads I20
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 material
23 August 2002 22 9th aS ?"p=eS2nCed by' th_ C,~aS h_~. 1 _ne ab0`,;2 tOp
C_Jen=__^.g 8~ and cl .-i .... T~a ,"cr i :~ r ~ z v b.._o:~ ca . _~; 88 .
o _a? 1 Ch_c..ness o_ the combin_d la r~rs 



72, 74, 76 and 78 will define the thickness of the carrier as the potting
material will generally be contained within the top opening 86 and cavity
88. The overall thickness of the lagers 72, 74, 76 and 78 will also depend
on the diameter or surface area of the side surface terminal 100. The
potting material 90 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 1 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 used include those described in the table herein
below. Selection of a potting   23 August 2002 23 material 90 trill depend
c:. .. h~ material s used in th` integrated circuit package 30, as will be
known by those of skill in the art.   23 August 2002 24 Prope.rcies of
T-picai Potti ng Resir_s ^C::yPO~:/ej~~= J' ~ _~...': l.'=~trlai.
Iu'_~l~c==is cons~a.-.~, D-1~06 0 s z3 . 9-~ . 72 . 7 - .. . 7i J  '.-'. z3
. 2- - -2 . 73 . 4D'_ssipa=ion factor, D-15050
I:z0.0a0.0170.0010.123lO~Hz0.03---0.00'0.03Dielectric strength, D-149;
V/mila50325550400 Volume r=sistitrity, ~ , 



~-257I ,cmlo=~lotl0=3lo~~Arc r_sistance, D-495; seconds150135120180Specific
gravity, D-7921.151.21.051.0Mater absorption, D-570; % 24
h0.I50.30.120.4feat deflection temperature,D-64S; at 264 lb/in~, F380260<
70< 70Tensile strength, D-638; lb/in2900010,00010002000Impact strength
(izod), D-256; Ift ~ lb/in0.50.3No break No breakCoefficient of thermal
expansion,D-969; 10''/'F5.57.54.015Thermal conductivity, C-177;Btu ~ in/
(h~ftwF)1.71.71.51.5Linear shrinkage; %0.33.00.42.0Elongation, D-638;
%33175300Although the board-on-chip layoutof integratedcircuitpackage 30 as
depicted in Figures 1 and 2 hasbeen describedusing centralized bonding
pads120, it should be understood byone skilled in the art thatthe
principlesof thepresent   23 August 2002 25 invention are applicable to a
silicon chip 50 :rith bonding pads 1?0 is alt~rnata layouts such as
posit'_oned along the sides of the silicon chip S0. Also, it should be
noted by one skilled in the art that conduits 84 and bus bars 110 may be
located 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 generally designated 32. The integrated
circuit package 32 comprises a silicon chip 50 and a carrier 70 that is
attached to the silicon chip 50 by an adhesive layer 60. In this
embodiment, the carrier 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.   23
August 2002 26 The c~rrie= ; 0 uas a top opening 35, ad ~,:nl ik~
e:nbOd:.me^~t ~^.~._p~C~cd i n : iglire ~ C10S i Ot r:aV~ a Ca'Iity o!~ .
T1S best seen in conjunction =~rith figure 2, routi. g s~.rips 82 and bus
bars 110 extend into the top opening 85. 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. 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 SII~I. 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 packages 30,   23 August 2002 27 32 On a hori.'.JI?tal ~T~Ot~'ler
Cr SiSi._~-Ci rClllt board l017 . ."^..aCh lnteg~at2d CirCL;iC package 30,
3~ 1S 21_CtilCally COnn2Ctd CO the mother or sister-circuit. board 160 by
solder balls 150. 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 reflOw.
Figure 6 is an isometric view of an embodiment of a fully assembled
vertical integrated 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-circuit board 160. 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 conventional 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 a mother   23 August 2002 28 cr sis=er board i60. ; series of
se-:en intea=aced circuit packages 30 and/or 32 aye conr_ected to a mother
or sister-circuit board l0'0, and as depicted herein, the integrated
circuit packages 30, 32 do net have to be completely perpendicular to the
surface 170, 172 of the mother or sister-circuit board 160. In fact, the
integrated circuit j packages 30, 32 can be at a number of different
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 may be
anywhere from 0 to 90 degrees from the horizontal. The angle used may
depend on the cooling requirements of the integrated circuit package 30, 32
and its position in relation to the ground. Because heat dissipation is
affected by gravity and density considerations, i.e., heat rises, the
vertical integrated circuit packages 30, 32 may be t positioned so as to
maximize heat dissipation. 



Solder balls 150 electrically connect the integrated circuit packages 30,
32 to the mother or sister-circuit board 160 and also provide the support
needed to hold the integrated circuit packages 30, 32 on the mother or
sister-circuit board   23 August 2002 29 ::iternat='rel V, Otil2r means Of
addltiOI!al SuppCr t b?Sld_ the sol der balls 150 ma:r b~ provi::~~d to
zelp supp ort the integrated circuit packages 30, 32 on the mother or
sister-circuit board 160. Figure 8 shows three different configurations for
the side surface 92 integrated circuit package 30, 32. Angle 96 i s shown
at 90, 60 and 45 degrses 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 side surface terminal 100 does
not have to be parallel to the ! surface of the mother or sister-circuit
board 160 due to the   23 August 2002 30 1:s2 C. S^1 der ball S ~5G t0
CJn~.=Cr tt'!e ; I:t~~'r_'-,ted C~ rCL:l.t packages 30, 32 and the mother
or sister-circuit board 150. The solder balls 1S0 used T~rith the presenr
invention may be used to attach the integrated circuit packages 30, 32 to
the mother or sister-circuit board 160 using conventional solder reflow
systems. For example, a vapor phase solder ~ reflow system may be used,
ahich condenses vapor to surround the integrated circuit package 30, 32 and
the mother 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 1 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.   23 August 2002 31 The advantage oz using a
nonchlorinated fluorocarbon is 



that it is extremely thermally stable, colorless, odorless and
nonflammable. In addition, it has a low to:ricity, lo:v surface
temperature, low boiling point, and lo:v heat of vaporization. Because the
fluid fore of the non-chlorinated fluorocarbon is inert, it does not react
with fluxes or component materials, l nor does it absorb oxygen or other
gases that cause reactions during the solder reflow. Most commercially
available fluorocarbons used for vapor phase reflow are formulated to
vaporize at precisely stable reflow temperatures for different solder
materials, as will be known to those skilled in the art. The vaporization
temperature will depend on the solder type being used. A brief list of the
vaporization temperatures for different types of solder balls is shown
below.   23 August 2002 32 Vapor_cacion Tempera~ures and Solder T_.;pes
Fl~,:id ~amoeratura Sol~. ~r~a 55, &0, 37, 101, .02'C and 155'Ci00 =..s7 S
:/39:b/25 I155'C70 S::/ 132n/12 .^70 _: i30Pb17a'C60 ~n/~0Pb190'C90
In/10AgSO Ln /50Pb,~ ~53 Sn/37P v70 Sn/30Pb60 Sn/40Pb215'C and 230'C60
Sn/40In60 Sn/-~0Pb63 Sn/37Pb70 Sn/30Pb62 Sn/36Pb/2 Ag2a0'C and 253'C75
Pb/25InB1 Pb/i9In260C and 265'C96.5 Sn/3.5 Ag  Alternatively, infrared or
radiant heated solder reflow may be used. In such a system each component
of the soldering f 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 molecu7.ar 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   23 August 2002 33 heaci ng m.~thods as desc=ib~d abo-ie . I~
is, howe-rer, rot Q?T.:erall,! of f ~Ct (~ by thi S t?iplCa 1 p'_~Cbl2'~'~
beCauS_ Of the uS_ of solder balls 150 instead of leads. T_n 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 1S0 instead of leads, the
problems associated with voids around pad areas or under leads caused by
incomplete reflow or poor welding of the soldering   23 August 2002 34
s.:rfaC2 due t0 l:i:DrODer ~ 1 a:t or badi i' oaidi~ed s ;riaCes i s
eliminated. The proble:r,s of coplanar=tv and tombstcnir_g are also reduced
or eliminated using the solder balls 150 and the ~-ertical connection.
because surface tension or. both sides of the solder balls 150 is eaual and
because of the tTao dimensional nature of the attachment between the
integrated i circuit packages 30, 32 and the mother or sister-circuit 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 f
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 temperature differentials between the top and the bottom of
the device cause different rates of expansion.   23 August 2002 35 usi ng
t:Ze present ~nvenc=on, the onlyi surface temp2ratllr2 dlff_r~ntial that
need OCCUr l.s betrisen the SOlder ball 15~ and the carrier 70, which all
o:as eitzer 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 packages 30, 32 as a whole, allows
for any of the reflow systems to be used with the because 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 minimized. In yet another embodiment of 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.
23 August 2002 36 Th preSenC invention, th=refCrc, allCwS ~Or t:le
'i=rtiCal stacking of integrated circuit packages 30, 32 into an integrated
circuit module 200 that achieves 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 allows reduction of th= overall number of steps in the
assembly of SIMMS by streamlining the assembly process not only in reduced
number of steps, but also by elimination the curing steps associated with
encapsulating integrated circuit. The present invention further allows
reduction of 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 can take advantage of the side surface
terminals 100 on the side surface 92 of the carrier 70 to electrically
connect the integrated circuit 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   23 August 2002 37 th2 C3rrl... its is g2nera
I ^rOteCtcd Lr 



== ^ 11~ r om the en-:ironm2nt and i s particularl_: protected ~=cm
moisture due to the hernetic nature of the encapsulation. This means of
potting the integrated circuit package 30, 32 of the present invention
greatly reduces the overall profile by allowing the non-operative or
backside of the silicon chip 50 to be e:cposed. By hermetically protecting
the connections between the silicon chin 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 i60 to
which the t integrated circuit packages 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.
23 August 2002 38 Nihile this invention has been described in re_2rence to
illustrate-;e 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 inter_ded that the appended claims encompass
any such modifications or embodiments.   23 August 2002 



39 What is claimed is: 1. An integrated circuit package comprising: a
carrier having a pair of major opposing external surfaces, an external side
surface disposed between said major opposing surfaces, at least one routing
strip integral with said carrier and a cavity defined in said carrier and
extending through said carrier between said pair of maj or opposing
surfaces, a portion of said routing strip extending into said cavity; at
least one terminal for external connection to said carrier disposed on said
side surface of said carrier, said at least one terminal being electrically
connected with said at least one routing strip; a chip adhered to said
carrier along one of said opposing major surfaces, said chip having at
least one bonding pad extending into said cavity; an electrical connection
disposed within said cavity connecting said at least one bonding pad to
said at least one routing strip; and potting material disposed in said
cavity covering said portion of said at least one routing strip disposed
within said cavity, said electrical connection and said at least one
bonding pad and forming a surface coplanar with at the other of said pair
of opposing major surfaces. 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 said
at least one terminal on said side surface of said career.   23 August 2002
40 3. The integrated circuit package as recited in claim 2 wherein said
carrier has a plurality of layers, each of said layers including at least
one routing strip integral with a said layer of said carrier, at least one
terminal disposed on said side region of said carrier corresponding to each
said layer, at least one of said at least one terminal being electrically
connected with at least one of said routing strips for each said layer. 



4. A high density vertical module comprising: a printed circuit board
having a substantially planar top surface for connection to external
devices; and at least one said external device in the form of an integrated
circuit package having a major surface and a side minor surfaces extending
from said major surface, at least one of said side surfaces having
electrical side surface terminals thereon in intimate contact with and
electrically connected to said printed circuit board at said top surface;
5. The high density vertical module as recited in claim 4 further
comprising a plurality of tabs being integral with a top surface of said
circuit board. 6. The high density vertical module as recited in claim 5
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.   23 August 2002 41 7. The
high density vertical module as recited in claim 6 wherein said integrated
circuit packages comprise: a carrier having an opening and a side surface,
and at least three routing strips being integral with 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 connecting said at least three bonding pads to said at
least three routing strips; and potting material filling said opening. 8.
The high density vertical module as recited in claim 7 wherein said
integrated 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. 



9. A high density double-sided electrical circuit module comprising: a
printed circuit board having a top surface with at least one terminal and a
bottom surface with at least one terminal, both surfaces adapted for
connection to external devices; a first external device in the form of an
integrated circuit package having a major surface and a first side surface
extending from said major surface and having   23 August 2002 42 thereon a
first side surface terminal, said first side surface terminal of said first
integrated circuit package being electrically connected to said top surface
terminal of said printed circuit board through said first side surface
terminal; and a second external device in the form of an integrated circuit
package having a major surface and a second side surface extending from
said major surface and having thereon a second side surface terminal, said
second integrated circuit package being electrically connected to said
bottom surface terminal of said circuit board through said second side
surface terminal. 10. The high density double-sided module as recited in
claim 9 further comprising at least three tabs being integral with said
circuit board. 11. The high density double-sided module as recited in claim
9 further comprising solder balls disposed between said terminals of said
integrated circuit packages and said tabs of said circuit board. .A3.A ;E
.AFY.AY .A&hSr.A&hS.A&h,.A9h, .AA@.A&h,.A,NY.A,(l).AF .A,F .A&Y .A{2 .A@F2
.A,l.A@Nr.A;l .A,Y 
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