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TBIN si'mp INTEGRATED CIRCUIT. DEVICE

_mzcnucn:. rmms

-This inventzon relates generally to the fleld of
-integrated circuits and in perticular to a packaging
arrangement for an integrated circuit assembly.

'BACKGRDUND OF m IRVENTION

Increa51ng the density of integrated circuits,
maximizing performance and lowering. costs are ongoing |
gqeis of the electronic industry. In particular,
portable systems and compuﬁers have épurred the
efforts to define reliable packaging technologies for
supplying circuits in the smallesf possible area, and
in many applications with increased operating speed.

Advances in Lnterconnect technology have provided
the key enablers toward these ends. Direct connection
of the active surface of a semiconductor die to a
" substrate or package*dsing solder balls for flip-chip
attachment, furnished the basic technology for low
inductehce, area array assembly of integrated circuits,
and in turn supports. improved overall switching speed.
Flip-chip technology was developed years ago, and has
surged recently as more practlcal means. of direct chip -
attach have evolved, and begun to replace wire
bondlpq, The early technique of forming solder balls by



fevaporating, patterning and xeflowing solders on
'semzconductor wafers as a means to make contact between
jthe 1nput/output pads on the cth and the substrate is
--being replaced. Techniques, such as platlng solders or .
-other metalllc bumps, uslng solder or conductlve "

.polymers to adhere condnctive spheres, or us;ng _
| conductlve polymers or anlsotropic conductive materlals
:have been developed for direct. attachment and
electrical contact between chlps and a substrate.

H' Not only are Chlps attached to sybstrates by
'dlrect chip attach, ‘but packages such‘as ball grld _
array (BGA), chlp scale packages (CSP), and board-on- .
chip (BOC) packages are attached to circuit boards or
other second level interconnection by means of balls or
'bumps. These bump connected packages are beglnnlng to-
replace leaded packages which require more circuit
board area and have higher inductance. Ball sizés vary
from those in the range of 75 microns used for flip-
ch1p attachment to those greater than a millimeter in
‘diameter for CSP and BGA attachment. Figure 1A
provides a cross sectional view of a flip-chip 105
~assembly in a BGA package 106, and demonstrates the use
of'different ball sizes, i.e. solder balls 115 on the
flip-chip assembly typically yield a stand off height
of about 65 microns, whereas balls 116 on the BGA
package have about 0.9 mm stand off.

bevice_performance is enhanced by the lower
inductance of short, wide ball connections, as a
replacement for long, thin wire bonds or lead
conductors. These bumped devices may also have
terminals in an array under the device, rather than at
the perimeter, and thereby minimize conductor length.
Substrate space is reduced by placing the terminals
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Within the active area,_and thereby .supports increased
packing density. : Y |
) Figure IB shows a cross-sectional view of a BOC
package which includes a thin, rigid printed wiring
board 110 to. which the active surface of the integrated‘
h c1rcuit 111 is attached on one’ surface of the board by .
' a tape ‘113. wzth adhesive on both sides, and ba11
| connections 112 for contact to the second level of .
'-;-interconnection ‘are placed on’ the opp051te 81de of the
board The 1ntegrated circuit is. electrically connected
| _to the substrate board.by wire bonds 114 or by" direct
_chip attachment, and the contact area_is protected by a
'polymeric potting 120 or molding compound. BOC packages
~are one of many forms of Chip Scale Packages (CSP), and
may be very thin as a result of the printed wiring
board thickness. ,

Often in order to make an electronic device .
fqnctional, one or more 1ntegrated_Circu1t chips may be
coupled electronically, and conveniently the chips are

positionéd next to each other and are connected by
circuitry on a circuit board. Multichip modules provide
a means for fabricating subsystems by interconnecting .
chips on a common substrate or package. Figure 2
demonstrates an example of such an assemblage wherein a
die 201 may be connected by flip-chip terminals 202, or
by wire bonds 203 to the substrate, The substrate 211
provides the interconnection both between the chips
'within'the'assembly, and to external contacts 230 which
in turn will! contact the second level of
interconnection, such as a printed wiring board 220. In
multichip assemblies interconnections between chips
often provides a means for decreasing the total number
of input/output pins on the module, as compared to the .
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'“-5number'requircd for:individual componentS"Fewer '

input/output interconnections to the -second level
-printed crrcuit board reduces area required for
.1nterconnections. and allows performance to be enhanced
_by shorter interconnections with lower inductance.

COmmon power and ground lines further decrease the
input/outputs requirements and prov1de enhanced '
_lperformance, multichip modules frequently have'
multilevel substrates to satisfy this need.
' Another technique for increasing den81ty of
;,integrated circuit devices has been stacked packages )
and/or stacked chips. Two or mOre integrated circuit
chips are stacked on top of each other, and in the
-_conventional arrangement all chips face the same
direction, i.e., downward, upward or s1de by side. A :
“common example is Memory modules, either as chips or
packaged units having similar size and type which are
stacked face-to-back and are electrically
interconnected vertically on the perimeteri

Leaded surface mount packages on double sided
printed wiring boards were a forerunner of face-to-face
stacked packaées..Chips have also been stacked face-to-
face on an interposer. One such assembly, shown 1n
~Figure 3 provides a first flip-chip 301 posrtioned
face-to-face with a second flip-chip 302 on an
interposer 303 between the chips to provide'electrical
connection 3l3_among the flip-chip-terminals 311, and
to external circuitry terminal 315. This assenbly uses
a flex circuit as the interposer 303 between the facing
flip-chips, and thus requires a separate mechanical
support 320 to provide the interconnection between the
interposer and a second level interconnection. This



results in g5 complex and costly assembly Moreover, the _

package height is: increased by this arrangement

It would be advantageous to develop a teChnlque
for increasing the packing den51ty of . integrated
circuits, taking advantage of Jow 1nductance
connectors,_decreasing the number of input/cutput
contacts as is found with multichip or stacked

'fhassembly, and makes ‘use cf low cost, readily available .

' assembly materials for packaging In particular, there
is a. need for increasing the density of memory c1rcuits

"’.fused in computers on SIMMs (single inline remory -

':module) or circuit boards. . This application must
'comprehend not only the area restrictions, ‘'but also the
package height_ Memory.module applications would like
to take advantage of the ability to double the memory
capacity by stacking chips, but sgffer no penalty in
the'space7allotted for memory'moduleSn

 SUMMARY OF THE INVENTION

‘It is the primary object of the present’ invention
to provide a novel packaging structure for a very thin
integrated circuit packaging structure having a stacked
chip arrangement for improved packing density and
performance. of integrated circuits devices. The above
and other objects, features and advantages of the
present ‘invention will be apparent from the following
descriptions. L

It is an object of this invention to provide a
face—-to-face stacked integrated circuit arrangement on
a thin, rigid interposer circuit board,which includes
external contact terminals, and electrical
interconnections between the chips and from the chips
to the external contacts.



It is an object of this invention to provzde a
fintegrated circuit packaging structute having an
;interposer which includes solder ball terminals which
~will be used to contact a next level of. 1nterconnect
circuitry, such as printed Wiring board or SIMM module.f-

SIE is further -an object of this invention to

_prov;de a face-to-face integrated circuit packaging
_ 'structure wherein the interposer comprises a low ‘cost

-circuit board material which is both readily available,-
and makes use of technology for rapidly and cost
effectively producing the interconnects. It is further '
.an. object of this invention to. provide an interposer
which ‘may have multiple layers for electrical
interconnections.

_ It is an object of this invention to provide a
face~to=face stacked integrated circuit packaging
structurelwherein the rigid interposer supports chips
which may be similar in size and shape, or may be very
different in size and shape.

It is an object of this invention to prov1de a
packaging structure wherein the terminals of the
integrated circuit chips are attached directly to the
corresponding contact pads on the interposer, and the
direct,chip_attachment may take the form of soldered
flip-chip using reflow techniques, may be conductive
pedeStals or spheres. adhered to both surfaces by solder
’ or conductive adhesive, or may be contacted by
anisotropic conductive material.

' It is an object of this invention to provide a
packaging structure having low alpha emiss:.va.ty
materials in close proximity to active surfaces of the
integrated circuits.



_ «It.-is an object of this invention to provxde a
lipackaging structure including a- material between the
_' hips and the interposer to mitigate stresses on the -

.contact joints, to. enhance thermal diSSipation from- the
“j'ﬂchip surfaces, ‘and which further protects against an
' Tﬁingress of moisture or other: contaminants. : '

f - The preferred embodxment of the present invention

"includes a first and second integrated c1rcuits chips
_which are identical in function, such as a pair of _j'
i64Meg DRAMs, directly attached to a. thin, rigid :

: 1nterposer. Input/output terminals common to the two

'chips are routed to a common via at the board perimeter

which couples the interconnections and terminates in a
solder ball: external contact. In this embodiment,
'terminals on the two integrated circuit ‘chips are

- .common except for chip select and clock enable -

'functions which are connected to de31gnated 1ndiv1dual

external contacts. An underfill material fills the -

space between the each chip and the 1nterposer board. -
In yet another embodiment, an interposer ‘board

includes both a first and second surface having contact

pads and interconnections to perimeter vias for a first '

and second integrated circuit chip of different sizes
and function, such as a digital signal processor and a
microprocessor. In this embodiment, the interposer
includes additional metal rich layer between the
surfaces with power and ground connections to the vias.
The draWings constitute a part of this o
specification and include exemplary embodiments to the
" invention which may be embodied in various forms. It is
to be understood that in some instances aspects of the
invention may be shown exaggerated or enlarged to .
. facilitate and understanding of the invention.



-'.':-'mr-:r nzscnm'nou OF THE Dmmes
'[Flgure 1a demonstrates a flip-chlp dev1ce in a BGA
o package (Prlor art) S

EFigure 1B shows an example of a Board-On~Ch1p (BOC)
;package (prlor art)..., o '

-Flguxe 2 shows a cross sectlon of a multichlp module
-(Prior art) C

Figure 3 demonstrates a: stacked cth on' flex 1nterposer.
package. (Prior art)

Figure 4A is a cross sectional view of the present
invention.

Figure 4B shows an alternate arrangement with different
chip sizes.

Figure 5 demonstrates a cross sectional view of a thin
package assembly having power and ground plane.

Figure  6A demonstrates a cross sectional view of a
direct chip attachment having bump contacts.

Figure 6B demonstrates a cross sectional view of a
direct chip attachment_by_anisotropic conductive

adhesive.

 Figures 7A and 7B show a interconnection patterns for a
DRAM assembly of the present invention.



'Figure 8 shows-a cross sectional view of a packaging
:structure w1th different size: chlps, multiple rows of
jexternal connectors, and‘multilayer 1nterposer.

fDETAILED DESCRIPEIQN*OE IKE PRE?ERRED EMBODIMENT
Turning now ‘to the drawings ‘which describe the

current invention. In Figure 4R there is shown .a thin,
face-to-face packaging structure which includes a
-first integrated c1rcuit chip 401.. hav1ng an’ array of-
electrical terminals 411 directly connected to a’ ,i _
icorresponding array of contact ‘pads -(not shown) on the
first ‘surface of a rigid interposer printed circuit .
board 420 A second 1ntegrated circuit 402 hav1ng .an
array of electrical terminals 412 is directly contacted
to 3 corresponding array of contact pads (not shown) on

. the second surface of said interposer board 420. The

interposer includes circuitry for electrically
interconnectlng designated electrical termlnals on the
first chip to those electrical terminals of the second
‘chip, and interconnecting designated pads from either
chip terminal to external contacts. Vias 430 through
said interposer board near the perimeter support
interconnection from the chip.terminals 411 to. external
contacts which comorise'solder balls 440. An electrical
terminal on chip 402 which provides a common function
with a terminal on chip 401 are routed to a common
‘solder contact, and those terminals not common between
the two integrated circuits are routed.on the ‘
interboser*to other solder ball contacts. |

- The solder balls 440 provide a means of electrical
and mechanical contact to the next level of
interconnection. which may be any motherboard, SIMM,
DIMM or other external circuit by the user. Solder
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balls is intendedsto include any form of solder
connection which .may be. in the form of spheres, or
columns and may vary in size’ from about 0. 4rom to about
0.%mm. Infrastructure Wlthln the industry is adapted to
eutectic tinllead solder and as ‘such is the preferred .
| embodiment, but lS not limited to this solder form

The interposer 420 comprises & rigid substrate in
. the range of 0.15mm to 0.30mm thickness having printed’
interconnect circuitry disposed on both surfaces. Said

T interconnect circuitry includes an array of contact

pads which correspond to the. chip terminals, metal
.traces to connect said pads to vias through the
1nterposer which terminate at external contact
terminals. A diagram of the interconnect c1rcu1try will
be discussed later in connection with Figure 5.

A thin, rigid interposer for face-to-face
integrated circuit packaging structures has significant
advantages as compared to known face-to face packaging
structures. The rigid interposer of this invention
includes external contacts attached directly to the
interposer. Prior art has taught a flexible interposer
on which subsequent to connecting the chips, the
interposer is attached to a separate substrate board
having external contacts. The_knownfthicker structure
having both an interposer and a support board for
‘external contacts does not meet the need'for very thin
structures required in many compact -applications.

In addition, a single connection between the
interposer :.nterconnection and the external bump
contact is provided in the current 1nvention, as
opposed to multiple connections required by the known
art for contacting the interposer and then a substrate
board. Such additional connections increase the
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yesistance and inductance of the circuitry w1th
consequent loss in speed of operation.
| Further advantages of the interposer of . the

: jcurrent invention are realrzed in’ that ‘readily '
' 'available materials and technologies which are amenable

to rapid changes 1n 1nterconnect desrgns are spec1f1ed '
The - interposer consisting of conventional printed
wiring board offers a much 1ower cost mater1a1 than
: flexible polyimide film,with photolithographically |
:defined interconnections. Multilayer printed wiring
iboards are well known, whereas multilayer flexible _
circuits are difficult to manufacture and are costly.
In the current invention, only one interposer is
required for two integrated circuits, whereas in some
face-to-face chip arrangements a separate 1nterconnedt
structure or lead frame is required for. each chip.
Further, the rigid interposer of the current
'1nvention allows chip sizes and placement of their
electrical terminals to be random, whereas flexible
interposers are more amenable to srmiiar-szzed chips
which provide some rigidity to the structure. Printed
wiring interconnections readily accommodate area array,
perimeter or centrally located electrical terminals of
the integrated circuits. iatitude in the method of
direct chip attachment is also afforded by the self
‘supporting, rigid interposer of the .current invention.
Further, the interposer may 1nclude multiple
electrical interconnection layers.'Multilayer
substrates can be a means to further reduce the number
of .input/output connections by providing common ground
and/or'power planes for the multichip devices, and are
appliCable to this invention. Operating performance,
reduced area and thermal dissipation are'improved by
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such metal rich planec. Figurelszshows a wiring board
' where common ground contacts 510 are ‘connected by a
-ground plane_512 to a common via 511 and external
contact. In a srmllar manner, common power contacts are
connected through a. power plane 522 to-a common via 521
'and 1n turn to the external contact., _

In. the preferred embodiment of this 1nvention, thei
lnterposer comprises a composite polymerlc board, such
as FR-4. which is. readily avallable, low cost, and the -
imanufacturlng infrastructure is well establlshed.
Alternate polymeric or ceramic substrate materlals are
appllcable—to the 1nvention, limlted only by the
specification of being thin, rigid and compatlble with
prlnted wlring. Printed c1rcuit or wiring interconnect
{technology with copper traces having a gold flash
comprlses the preferred intexconnections on the
interposer. Technology for thin circuit boards having
-frne metal traces has been established -and is used for
such integrated circuits_packaging structures as BOC
(board-on~chip) devices previously disclosed in
U.S.Patent Application Serial Number 08/863848 (TI
docket number TI-19653) which is incorporated herein by -
referencer

Returning now to Figure 4A, space between the
chips 401 and 402 and the.interposer circuit board 420
is filled with an polymeric material 450 generically
referred to as “underfill” . The underfill material 450
comprises a thermosettlnq polymer compounded with
thermally conductive, electrlcally insulating
particles. The cured polymer sexves to lower expansion
and absorb some of the stresses -arising from mismatch
in thermal expansion between the chip and interposer
board, to control the ingress of external contaminants,

-
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~and to dissipate heat from-the chip'surfaces. Thermally
conductive underfill allows heat generated at
ilocalized areas 1n the. active c1rcu1ts to be spread
'over 1arger areas and to be conducted away from the
'.source. , '_. . '
f ‘A" very thin layer of polymeric chip coating
';material (not shown) may be applied to the backside of
‘the first chip, and may be beneficial for
electrostatic protection. Chip coatings are readily
'-available -as either’ liquids or. vacuum dep031ted

polymers. It should be noted that the encapsulation is
not required to effectuate the purpose of the present
invention.

~ In practice the area of'the'packaging structure of
this invention and the interposer board are related ts
those of the 1ntegrated circuit chips; the lnterposer
board dimensions must exceed those of the lower chip
402 ¢, in order to allow space for. solder balls 440 to
be attached. Figure 4B shows an arrangement wherein the
chips are different size. In such an arrangement, chip
403 is smaller than chip 404, and is within the area of
the external bumps, but chip 404 may extend to very
near the edge of the interposer 421. It should be noted
that this embodiment includes multiple rows of vias 431
and bumps 441, as dictated by ‘the integrated circuit
input/output design.

To explain further the overall packaging
structures,depicted in Figures 4A and 4B, the board is
in the rangezof d.lSmm-to‘O.35mm thick, the integrated
circuits are in the range of 0.25mm to 0.5mm thick, and
the solder balls are in the range of 0.4 to 0.75mm in
diameter. In the preferred embodiment the stacked face-
to-face integrated circuit device is about 1.3mm

-
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thickness, and has an area only slightly greater than
the larger chip. By way of comparison, a typical single
chip, thin molded package is about 1. 24mn thick. The
'area of the face-to-face stacked 1ntegrated circuit
_packaging structure of this invention is only slightly
greater than the larger chip 51ze and readily meets. the
intent of a Chip Scale Package, but contains two Chlps.
_ The present 1nvention comprises a pair of -
integrated circuit chips having electrical terminals
'“directly attached to contact pads on the intérposer.
The attachment may be by means of reflowing flip Chlp
solder terminals, by attaching a conductive balls or
pedestals using solder or conductive adhe51ve, or by
anisotropic conductive film. Alternates to tin/lead
solder bumps foxr terminals of chips are conductive
polymers, lead free solders, metals such as copper,
nickel or gold, or composite balls attached by means of
-_either solder oxr conductive polymers. A number of
coﬁposite bumps have been previously disclosed in
Application Serial Number 60/078056 (TI docket number
.TI-26208) which is included herein by reference. Figure
6A shows an example of direct chip attach using
' conductive balls 630 which have been preformed and
attaching with a conductive adhesive 631 to both the
contact pad'of the_chip 633 and the interposer 634.
Direct-chip.attachment using anisotropic
conductive materials provides yet another method for
electrically and mechanically connecting'terminals of
the chips to the interposer board of the current
invention. In Figure 6B an anisotropic conductive
material 650 typically a thermosetting polymer is
sparingly loaded with metal particles 651. The polymer
is compressed so that there are more particles between
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the bump terminals 660 of the chip 610 and the contact
pads 670.. of the interposer 620 than in the non-bumped
areas. Compression fxom thermal or mechanical means
causes an, electrical contact to be made between the
_two Circuits.-In Figure GB, anisotropic materials are
'available either as films or as paste’ formulations.
C Anisotropic materials, compos1te bump’ structures

'.:or lead free solders have a distinct advantages over
';lead (Pb) containing solders because they are available

in materials which have little to no alpha emission.
*This is particularly advantageous to those integrated
circuits which are’ subject ‘to .soft ‘error failures.

In ‘the preferred embodiment,_the integrated
circuit chips ‘comprise” memory circuits, such as DRAMs
(dynamicerandom access memory) having the same
input/output functions) on each device'terminal, except
for specific chip select ‘terminals. Typically in memory
c1rcuits, the ‘memory is ‘increased in'each generation of
integrated circuits, for example 16Mbit DRAM was
followed by 64Mbit DRAM. However, with a stacked chip
configuration, the amount of memory may be doubled
within the same area and same generation of circuit,
such as two leéMbit chips to provide 32Mbits of memory.
This is often'particularly desirable because of the new
generation may not be available, or may be
significahtly higher in cost, or may require that the
user reconfigure the receiving circuit board.

Figure 7A depicts an.example of a the printed
circuit intérconnections on the first or upper surface
720 of thefiﬁterposer board where the active surface of
a DRAM integrated circuit chip (not shown) will be
attached to contact pads 721. Figure 7B depicts the
second or bottom surface 760 of the interposer where
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the active snrface of a second DRAM chip of the same
.design w£11 be . connected,'face-up"toward the second
surface. 760 of the interpcser at contact pads 761.
_Electrical terminals of all circuits are common with
_the exception of - Chip Select 771 and Clock Enable 771
.terminals on ‘the’ first interposer surface 720, and Chipf'
Select 173 and Clock Enable 774 on the .second surface
760 Terminals common to both devices are routed to
conductive v1as 740 through the 1nterposer. On the
'_second surface 760, the v1as terminate in external _
| ;contact terminals 741 at the location of the vza Metal..
traces 130 interconnect the contact pads to vias and to
external contacts. In the preferred embodiment, chip
terminals are located along'the long axis of the chip
in the center and require no changes in the routing on
'either surface of the interposer except at the chip
select 771 and 773 and clock enahle terminals 772 and
774 These contacts are routed to an individual
external terminal for each device.

‘Interposer conductors 730 are metallic traces
typically comprised of copper which interconnect
circuits within the packaging structure, and between
each of the integrated'circuits and an external contact
'point Interconnections between chips serves both to
. decrease the total number of external contacts required
for the system, and to provrde very short conductor
lengths betweenrchips. The potential for high speed
performance of the device of this invention is
‘supported by short interconnections and by direct chip
attachment

In yet another embodiment as shown in Figure 8, an
. interposer board 880 includes a first surface 881 and a
second surfece 882 having contact pads and connections
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to perimeter v1as for a first and second integrated
c1rcuit chips of different sizes and function, such as
. ‘a digrtal srgnal processor and- a microprocessor. An.
example of this type of packaging structure given in
Figure 8, wherein the chips 803 and 804 are dlSSlmilar
: 1n area.,In this embodiment,_the smaller chip 403 is
attached to the second surface 882 so that space is

......

' Ltattached to the first surface 881 and maY be

3 approximately the same s1ze as, the interposer board

This second embodiment takes advantage of
additional features made possible by the rigid printed
wiring board construction of the 1nterposer 880.
Multiple rows of external contact solder bumps 841
accommodate higher pin count devrces. A another feature
made 90351ble by the printed wiring board construction '

- is that the board ‘includes. metal rich layers 822 and
823 with power and ground connections to the vias.

In summary, the present invention provides a novel
stacked face-to-face integrated circuit packaging
structure which supports a need for very thin, high
_density and high performance devices. A rigid -
1nterposer allows two chips to. be directly attached to

'_ the interposer and to external contacts affixed to the

. same 1nterposer. While the invention has been
described 1n connection with preferred embodiments, it
-is not intended to limit the scope of the invention to
‘a particular form set forth, but on the contrary, it is

' intended to ‘cover alternatives, modifications, and
equivalents as may be included within the spirit of the
invention within the spirit and scope of the invention

. 'as defined by the appended claims.
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‘What is Claimed is: ,

- 1-A thin face-to-face stacked integrated circuit

'*packaging structure comprising' ' _ '

'_ a. rigid interposer board haVing a first surface and a

jsecond surface thh printed wiring circuits disposed on each

fsurface for mounting an integrated circuit chip on each

surface. and I oo ' B |
said two integrated circuit chips hav1ng an- array of

fftelectrical terminals connected electrically and mechanically

' enito contact pads on. the first and.the second surfaces of said.;
- 1nterposer board respectively. and

o _said integrated circuit terminals electrically
--interconnected by printed metal ‘traces on said interposer to
conductive_vias between.the,first and second surfaces; and-
E said vias. terminate in'external connectors which |
_comprise solder balls on the lower {or second) surface of

the structure. '

2-A stacked 1ntegrated c1rcu1t structure as in claim 1
wherein said the perimeter of the structure is slightly
greater than the larger chip, and the thickness of the
structure is in the range of 1.25mm to 1.5mm.

- 3-A device as in claim 1 wherein the electrical
terminals of the integrated circuit are connected to the
interposer by flip chip reflowed solder.
4~ A device as in claim 1 wherein the electrical
terminals of the integrated circuit are connected to the
_interposer by anisotropic conductive adhesive.
5- A device as in clalm 4 wherein the. anisotropic

.conductive "adhesive has low alpha particle emission.

_ 6- A device as in claim 1 wherein an underfill polymer
- formulated with an electrically insulating, thermally
conductive powder occupies the space between said chips and
said interposer. |
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h. 7— A dev1ce as. ‘in. clalm 3 whereln sa1d electrlcal
hterminals of each Chlp are located in ‘an area array, around
the. perlmeter, 1n the center or any combination thereof.

8-A dev1ce as. ln clalm 1 whereln said 1nterposer 'board
: comprlses ‘a fllled polymerlc material such as FR-4.
| '9- A devxce as in claim 1 wherein said interposer _
anludes more than two levels of printed wxrlng clrcultry

10— A devxce as ‘in-claim 9 wherein said vias prov1de a
3means of interconnectlon between selected termlnals of the
"two lntegrated clrcuits, a means of - contact to 1nner level _
- conductor layers on the circuit board, as well as to the
external contacts. ' ' '

' 11-A dev1ce as in claim 1 whereln one integrated
crrcuzt Chlp hav1ng a smaller area. is attached to the second
oxr lower surface of sa;d interposer and a second Chlp having
a larger area ls attached to the upperx surface of the
l_lnterposer.

. 12= A thin face-to—face stacked lntegrated circuit
packaglng structure comprising: | '

a rigid interposer board comprising FR—4 having a first
surface and a second surface with printed wiring circuits |
disposed on each surface for mountlng an lntegrated circuit
chip on each surface, and

. sald two. 1ntegrated circuit chips hav1ng an array of
electrical terminals connected electrically and mechanically
to contact pads on the first and the second surfaces of said
interposer board by a conductor having low alpha emlSSLVlty,
and S - '-
- said ihtegrated circuits terminals electrically
' lnterconnected by prlnted metal traces on said interposer
_board to conductive vias between the first and second
surfaces; and |
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“said uieo terminate in external connectors WHICH
-comprlse solder on the lower (or’ second) surface of the
'_'structure whlch comprlse solder balls. .and
o sa1d structure baving perlmeters slightly greater
'fthan the 1arger chlp, and the fhickness of the: structure is

:ln the range of 1. 25mm to- 1. Smm, ‘and- _ o _
| _ the space between said chips and interposer fllled thh
an underf;ll polymer formulated with an electrically
lfjlnsulatlng, thermally oonductlve powder. '



