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BACKGROUND OF THE INVENTION

a5 )

The present in\;ention relates to an integrated circuit modu-lé and elements for making same, and
more particularly, to a high density, three-dimensional integrated circuit module in which a
plurality of individual integrated circuits are electrically and mechanically associated in a space
and volume conservative manner. The present invention also relates to the elements for making

the foregoing module.
Prior Work

It is often desirable to electrically and phyéically associate together plural integrated circuits, such
as DRAMs, SRAMs, EPROM, logic packages and other semiconductor, packages. Electrical.
association relates primarily to properly interconnecting the circuits vyith electrical conductors,
such as wires or conductive paths deposited on appropriate substrates. Space constraints may

limit or affect the manner of physically and electrically associating the circuits.

A desideréta of the present invention is achieving the physical and electrical association together
of plural integrated circuits in a module which module occupies substantisally the least possible
amount of space or volume while properly électrically interconnecting the integrated circuits.
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plurality of individual integrated circuits are electrically and
nmechani calil y associated in a space and vol une conservative manner. The
present invention also relates to the elenents for naking the foregoing
nmodule. Prior Work It is often desirable to electrically and physically
associ ate together plural |ntegrated circuits, such as DRAMs, SRAMs,

EPROVE, | o @UMINMEARXY OF THE 198hi conduct or packages. Electrlcal
association relates primarily to properly |nterconnect|ng the circuits with
el ectrical conductors,

The present invention contemplates elements for producing a modular integrated circuit
assembly. The assembly first includes at least two integrated circuits; typical assemblies include
- more than two integrated circuits. Each integrated circuit generally comprises a chip, which has
been appropriately processed so as to be able to perform selected electrical functions, and a body,
often an ambient-excluding, insulative package surrounding and enclosing the chip. Leads which
are electrically continuous with the circuit project beyond the periphery of the body or package

for connection to or association with other conductors or components.

The assembly also includes intermediate circuit-supporting facilities. Each intermediate facility
includes a torroidal —open or closed-- electrically insulative member or substrate. The member
surrounds or defines a void or generally central opening which is adapted to surround the
peripheries of the bodies of adjacent integrated circuits. There are electrically condu_ctive pads
on the member. The pads are adapted to be respectively éngaged by and bonded to the leads

when the bodies are inserted into, and surrounded by, the void.

Preferablf , the thickness of the member is selected so that the adjacent integrated circuits abut
just as they would absent the supporting facilities. In this fashion, a stack of altemating
integrated circuits and supporting facilities --whether the stack include two or ten or more
integrated circuits-- occupies no more vertical space or volume than would a stack of the same

number of integrated circuits alone, that is, without the supporting facilities being present.

Also, preferably, mounted on the ends of the stack are cap-like end pieces which are similar in
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such as wires or conductive paths deposited on appropriate substrates.
Space constraints may |limt or affect the manner of physically and
electrically associating the circuits. A desiderata of the present
invention is achieving the physical and electrical association together of

plural inte rated circuits i no ‘\{,H] ch ld ccuples substantisal ly
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i nterconnecting. the int e%r ated circuits,.
end-piece may include conductive pads which are adapted to be engaged by and bonded to the
leads of the uppermost integrated circuit in the stack. Electrically conductive paths may be
present on the top end-piece to selectively electrically interconnect the pads thereof. The bottom
end-piece may include the same or similar elements as the top end-piece in addition to facilities -
for mounting and electrically connecting the stack to a mother board or the like. These latter

facilities may, for example, include conductive balls, such as solder balls, relatively stiff board-

mountable leads or conductive lands.
BRIEF DESCRIPTION OF THE DRAWING
: Figui'e 1 is a perspective view of an integrated circuit packagé;

Figure 2 is a_pérspective view of a mounting faéility which permits two integrated circuit
packages of the type shown in Figure 1 to be mounted in a stack according to the principles of

the present invention;
Figure 3 is a side elevation of the mounting facility of Figure 2 taken along line 3-3;

- Figure 4 is an exploded perspective view of two circuit packages of Figure 1 and two mounting

facilities of Figure 2 adapted to form a stack thereof’

Figure 5 is a magnified view of a circuit package and a mounting facility associated together in
an unexplodéd form of the invention depicted in Figure 4;
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2 SUWWARY OF THE | NVENTI ON The present invention contenplates el enents for
produci ng a nodul ar integrated circuit assenbly. The assenbly first

i ncludes at |east two integrated circuits; typical assenblies include nore
than two integrated circuits. Each integrated circuit generally conprises a
chi p, which_has been appropriately processed so as to be able to perform
sel ect ed e| Bigurg ¢iga qumg:f:liifpnggw LHha stgclmfdgq circuit packages and nine mounting facilities,

along with a bottom end-piece; and

Figure 7 is a side elevation of the stack depicted in Figure 6 showing the bottom end-piece in

greater detail and a top end-piece for the stack.

DETAILED DESCRIPTION

Referring first to Figure I, there is shown a perspective view of a generalized integrated circuit
package 10, a first element adapted for the construction of an integrated circuit module.
According to the present invention, a plurality of such circuit packages 10 are cost effectively
associated together in a stack or three dimensional array thereof 12 (see Figures S5and 7)ina
space- and volurne-conserving manner by the use of elements or facilities shown in Figures 2 and

3.

Referring to Figures 1 and 5, the integrated circuit package 10 is, in general, of standafd
construction and includes a body 14, which may comprise a plastic, ceramic or similar material,
surrounding and enclosing one or more chips or the like which contain_integrated circuits, not
speciﬁcally shown, but generally indiéated by the reference numeral 16. The body 14 preferably
“has a rectangular or square configuration and periphery 17 and is quite thin or low in height
' compared to its length and width, although other configurations and shapes are contemplated.
Condgctive leads 18 protrude from the periphery 17 of the body 14. The leads 18 are electrically
continuous with leads or conductive paths (not shown) on the chip or chips 16 and, in turn, with

the various circuits and circuit components in and on the chip or chips 16. The leads 18 permit
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of ten an anbi ent - excl udi ng, insul ative package surroundi ng and encl osi ng
the chip.Leads which are electrically continuous with the circuit project
beyond t he periphery of the body or package for connection to or
association with other conductors or conponents. The assenbly al so incl udes
intermediate circuit-supporting facilities. Each internediate facilit
i ncl udes &BiRsIOdRPe clegtidstily Formpeieddy sxismalqircpitey) ipgluding othencirgit paskises l%r
substrate. The menber surrounds or defines a void or generally central
openi ng wiYean the bedyadtasermes its prefesigd gonfigarasion;apd shape sheleadshid myplading f5om
adj acent integrated circuits. There are electrically conductive pads

the periphery 17 of the body 14 are generally coplanar in a flat plane, although such coplanarity

is not required by the present invention.

The leads {8 of the package 10 are specifically different from those of the prior art. In'iaanicul;ar,
and referring to Figures 1 and 5-7 eaéh lead 18 comprises a conductive, metallic body 20
protruding from the periphery 17 of the body 14 and ending at a terminus 22. Intermediate the
terminus 22 and the periphery 17 is a hole or passageway 24 fomed through the body 20 in a
direction generally perpendicular to both the direction in Which the lead 18 extends and the plane

containing the leads 18.

The second element adapted to con;struct the module 12 compﬁses stacking facilities 30. The
stabking facilities 30 permit a number of the circuit packages 10 io be contained in a stack or
three dimensional module such as that 12 shown in Figures 5 and 7. The facilities 30 include an
-electrically insulative, generally torroidal or generally ring-shaped member 32 defining a
generally central void or opening 34. The void or opening 34 is adapted to conform to the
peripher); 17 of the body 14 when the body 14 of the circuit package 10 is iﬁsened threreinto.
The member 32 has an upper surface 36 and a lower surface 38. In preferred embodiments,
where the leads 18 are coplanar in a flat plane, the surfaces 36,38 are also flat. If the leads 18 are
coplanar in a curved plane or are otherwise not coplanar, the surfaces 36,38 are shaped so as to
conform to the plane or path defined by the leads 8. In any event, when a circuit package 10 is
inserted into the opening 34, its leads 18 and one surface 36 of the member 32 are generally

parallial. _Emfembly, the member 32 and its void 34 are rectangular, as most circuit packages 10
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on the menber. The pads are adapted to be respectively engaged by and
bonded. to the | eads when the bodies are inserted into, and surrounded by,
the void. Preferably, the thickness of the nenber is selected so that the
adj acent integrated circuits abut just as they would absent the supporting
facilities. In this fashion, a stack of alternating integrated circuits and
supporting faeplse feckggulanHAvieusly; ptbershapat mayde ysrd, dopsnding a thegonfgiiration of
integrated circuits-- occupies np nore vertical space or volune than would
a stack of ttheeassematedheirayis packages h0.churthen avhile itdupreforablegthat the tempid of theymembert
the supporting facilities being present.

) 32 be closed, it is intended that the word "torroidal” connote both closed, or O-like, and open,

or C-like, torroids.

The thickness 50 of the member 32 is preferably selected so that with the body 14 of one circuit
package 10 inserted into the opening 34 with its leads 18 parallel to the surface 36, the body 14
of a second circuit package 10 may be inserted into the opening 34 so that its leads 18 are parallel
to the surface 38. Also, preferably, when the bodies 14 of the two circuit packages 10 are
inserted into the opening 34, the bodies 14 abut within the opening 34. Those skilled in the art
will appreciaie that the thickness 50 may be adjusted to _achieve the foregoing following a
consideration of the thickness. of the bodies 14 and the locations,l relativé to the “top" and
"bottom" of the circuit packages 10, at which the leads 18 protrude. According to the foregoing
preferred constrﬁction, a stack 12 of circuit packages 10 comprising two packagés 10 and one
stacking facilitSI 30hasa toial thickness equal to the thickness of one package 10 stacked on top

of the other without the intervening mounting facility 30.

Formed on both surfaces 36,58 of the member 32 are separated conductive afeas 52, which may
comprise solder pads 54 residen; on a conductive layer the_rebeneath (not shown). The formation
of the solder pads may-accord with any prior art technique. The mounting facility 30, including
its member 32 and the solder pads 54 may comprise a printed circuit board produced in any
convenient manner. Each solder pad 54 respectively corresponds to a lead 18 of a circuit package
10. That is, when a circuit package 10 is inserted into the opening 34, each lead 18 corresponds
to, and overlies, one of the solde; pads 54. Preferably, each lead 18 eng‘ages its corresponding
| ' This Sheet Has Bee,
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Al so, preferably, nounted on the ends of the stack are cap-like end pieces
which. are:simlar in 3 structure to the supporting facilities, but which
do not include voids or central openings. The top end-pi ece nay include
conductive pads which are adapted to be engaged by and bonded to the

solder pad 54, although it is contemplated that for particular applications of the circuit packages

10 selected leads 18 may not erigage solder pads 54.

As best seen in Figure 3, the solder pads 54 are preferably formed on both surfaces 36,38 of the
member 32 with corresponding solder pads 54 on each side of the member 32 being electrically
continuous. Electrical continuity is preferably achieved by forming pairs of pads 54 on either
surface 36,38 of the member 32 in lalignment with a conductor 56 which electrically
interconnects the pad pair. The conductors 56 may compﬁse vias or apertures 58 formed through
the member 32.the walls of which have deposited thereon a conductive coating. Thus, the
apertures constitute conduetive vias -through the member 32." It is also contemplated that only
some of the pads 54 on one surface 36 are eieetﬁcally continuous with pads 54 on the other
surface 38. Such electrical continﬁity may be chosen so that the module 12 performs desired

functions.

The correspondence or lack of correspondence between selected leads 22 and pads 54, the
px:esence of absence of leads 22 and pads 54 at selected locations, the electrical continunity of lack
thereof between selected padé 54 on the surfaces 36,38 may all be chosen so that, giving'due
consideration to the type and function of each circuit package 10 the module or stack 12 will
perform a desired function. As should be obvious, the circuit packages 10 may be the same in

a module 12 or may be partially or completely different.

Various methods may be used to mechanically affix the leads 18 to their respective solder pads
54. These methods include laser soldering and hot air reflow soldering. In the latter case, the

leads 18 are preferably solder plated prior to being soldered to the pads 54.
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| eads of the uppernost integrated circuit in the stack. Electrically
conductive-.paths may be present on the top end-piece to selectively

el ectrically interconnect the pads thereof. The bottom end- pi ece may
include the same or sinilar elements as the top end-piece in addition to
facilities for nmounting and electrically connecting the stack to_a nother
board or t hés shoka in Figarss 5|and ¥ dhe qtagkilP mave@mm@y an)f&?f%cféstawpb@ of FiFeuit pgekages
conductive balls, such.as solder balls, relatively:-stiff board- nountable
| eads or coltalietrating With deouneey Eﬁth’@RIIPWe@rre@deEand\t@ or free surface of

the uppermost circuit package 10-and the bottom or free surface of the lowermost circuit package

are covered with end-pieces 60 and 62.

The upper end-piece 60 is similar to the mounting facility 30 but does not include the opening
34 and may have solder pads 54 on only one side thereof. The pads 54 may be selectively
electrically interconnected By, or may be selectively connected to, conductive paths §r circuit
components, such as capacitors (not shown) on or in an electrically insulative body 64 of the end-
piece 60. The free surfaée of the; end-piece may contain indicia such as the tr_lanufact\irer's
identity, part number, or the like. The lower end-piece 6i is similar to the upper end-piece 60.
It im_:ludes an electrically insulative iJody 68 with soldex: pads 54 on one side thereof. The pads |
may be selectively interrconnected by, or may be selectively connected to, conductive pads and/or
circuit components (not shown) formed on or in the body 68. On the other side of the body 68
are f.ormed plural solder balls 70 which are selectively connected to each other, to the éolder pads
54 and to the conductors/compongnts on or in the body 68. The solder balls 70 are used to
surface- mount the stack. 12 to a mother board, SIMM or other similar element (not shown). The'
solder balls 70 are abutted with ;épmpriate conductive pads on the mother board and are then

melted to mechanically and electrically interconnect the stack 12 thereto.

As noted above, the leads 18 contain holes or passageways 24. The prese'nce of the holes 24
results in the mechanical.bond of each lead 18 to its solder pad 54 (and/or the underlying
conductive layer) being quite strdng and robust. Spéciﬁcally, when the leads 18 (solder coated

or.otherwise) and the solder pads 54 are heated, the solder melts and wets the main trunk of the

8
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Figure 1is a perspective view of an integrated circuit package; Figure 2
IS a perspective view of a nounting facility which permts two integrated
circuit packages of the type shown in Figure 1 to be nounted in a stack
according to the principles of the present invention; Figure 3 is a side
el evation of the nounting facility of Figure 2 taken along line 3-3; Figure
4 is an expeadeds perwalest thy svalls efithsholesPde | Wisiniately sedhayeting frossiblgraider bind
two mounting facilities of Figure 2 adapted to forma stack thereof;

capillarity, results in the hole 24 becoming filled with solder. When the heat is removed, the

solder within the holes 24 and the solder wetting and coating the lead18 are fused in a continuum,
which renders the lead/pad 18/54 mechanically stronger than would be the case were the holes
24 absent. Thus, the stack 12 of circuit packages 10 is stable and robust. Further, the stack 12
occupies minimal space and volume while nevertheless providing for electrical interconnection

of plural circuit packages 10.

Those skilled in the art will appreciate that the foregoing description sets forth various
embodiments of the present invention, but that the invention in its broadest aspects is defined by
the following claims and as disclosed may be modified by thoée skilled in the art to nevertheless
fall within the scope of such claims. For example, the solder pads 54 may be replaced by

equivalent elements, such as conductive polymers or other conductive substances.
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Fi gure 5 is a nagnified view of a circuit package and a mounting facility
associ ated together in an unexpl oded form of the mveth*rm*r—dW

Fi gll:re 4, g 4 Figure 6 is ? pelrspect|ve view of a sta cﬁ"(’)'fll ten circui
packages and nine nounting facilities
o | T llll
.WECLAIM:

1. Elements usable to produce a modular integrated circuit assembly, which elements
comprise:
(A) an integrated circuit éackage, which includes
(i) abody enclosing a circuit and
(ii) a plurality of leads which are eléét_rically contiﬁuous with the circuit and
which project from the periphery of the body; and
(B) a package-supporting facility, which includes
(1) a generally torroidal, electrically insulative member having a void adapted to
surround the periphery of the body and
(i) electrically conductive pads on the member which are adapted to be engaged
by and bom_ied to selected leads when the body is inserted into and surrounded by the

void.

2. A facility for forming a modular integrated circuit assembly, the assembly being of the type
which includes an integrated circuit package having a body enclosing .a circuit and a plurality of
leads which are electrically continuous with the circuit and which project from thp periphery of
the body, wherein the facility comprises:

a generally torroidal, electrically insulative member having a void adapted to surround
the p;:riphery of the body when the body is inserted thereinto, and

electrically conductive pads on the member which are adapted to be engaged by and

bonded to selected leads when the body is inserted into and surrounded by the void.
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al.ong with a bottom end-piece; and Figure 7 is a side elevation of the

stack depicted in Figure 6 show ng the bottom end- pi etczﬁllmlmuﬂ'm"miﬁu
and a top end-piece for the stack. DETAI LED DESCRI PTI
Figure .1, there is shown a perspective view of a general*i z&d Fnt¥grsat e
circuit package 10, a first elenent adapted for the construction of an
i ntegrated circuidt Anfehility.as AetcfortiimGlaim 2t dnd ysaiss evith tivo\ierkiaed, ciuid [pacialges Y
of such circuit packages 10 are cost effectively

insertable into the void from opposite sides of the member; wherein:

the thickness of the member is such that the bodies are abuttable with each other within
the void and the pads are simultaneously engageable with the selected leads so that the effective

thickness of the abutting bodies inserted into the void is the same as the effective thickness of

the abutting bodies without the facility.

4. A plurality of the facilities as set forth in Claim 3, wherein:

the plural facilities are adapted to be alternated with a plurality of the circuit packages to

produce a modular assembly in the form of a stack.

5. A facility as set forth in Claim 3, wherein:

the member has two opposed surfaces each of which carries conductive pads.

6. A facility as set froth in Claim 5, wherein:

selected pads on one surface are electrically connected to selected pads on the other

surface.

7. A facility as set forth in Claim 6, wherein:

the electrically connected pads are mutually connected to conductive vias formed through

the member.

8. A modular assembly which comprises at least one of the facilities and at least two

circuit packages, both as set forth in Claim 3, wherein:

1
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associ ated together in a stack or three dinensional array tm
Figures 5 and 7) in a space- and vol une-conservi ng manne Im

el ements or facilities shown in Figures 2 and 3 . Referr ”m n@’ﬁ’m
and 5, the integrated circuit package 10 is, in general, b cstacn
construction -and includes a body 14, which may conprise a plastic, ceranic
or simlar rrateFfleafP‘Elllfé%ralﬂél&h&ﬂaﬁéﬁgaﬁﬁeéH@F‘%ﬂ FrethisrRestenk thﬁ?‘éfpchl ps or the

| i ke which contain integrated circuits, not specifically shown, but
generally indicated by the reference nuneral 16. The body 14 preferably

9. A facility as set forth in Claim 2, wherein:
the le_ads are included in a first plane, and
the conductive pads are included in a second plane which is congruent with the first

plane.

10. A facility as in Claim 2, wherein:

the conductive pads include solder or a conductive polymer.
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has a rectangul ar or square configuration and periphery 17 and is quite
thin or low in height conpared to its |length and w dth, although other
configurations and shapes are contenpl ated. Conductive |eads 18 protrude

fromthe periphery 17 of t W i?f'ﬁ?fO#% e electrically
continuous wth | eads or c%ﬁ uc |v%6%?E@: not _shown) on the chip or chips
16 and, BIEH (ENAITYy THREERINFABIENAL W&éﬁﬁ"@ SRRCEL T Eclﬁ‘{?pm‘lgsimand on
the chi FREINGCRME 16. The | eads 18 pernit '

A stacked, three-dimensional module (12) of integrated circuits (10) is formed by first inserting
 circuit packages (10) into opposite ends of a conformal opening (34) in an electricaliy insulative,
torroidal member (32) until their bodies (14) abut and their leads (18) engage conductive areas
(52) on the member (32). Selected leads (18) and areas (52) are mechanically and electrically
bonded together. Another member (32) may then be associated with one of the foregoing circuit
packaggs (10) and an additional circuit package (10) in the same way. The process continues until
a module (12) with the desired number of circuit packages (10) is formed. The module (12) may
bg terminated with end-pieces (60, 62), one (60) of which interconnects selected leads (18) of the
topmost circuit package (10) and the other of which performs a similar interconnecting function
for the bottommost circuit package (10) and permits the module (12) to be sﬁrface mountred to

a mother board or the like.
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5 the chips 16 to be electrically connected to external circuitry,

I ncludirng dther circuit packages 10. Wien the body 14 assunes its preferred
configuration and shape, the |l eads 18 protruding fromthe periphery 17 of
the body 14 are generally coplanar in a flat plane, although such
coplanarity is not required by the present invention. The | eads 18 of the
package ¥0 are specifically different fromthose of the prior art. In

parti cul ar,

1/6
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and referring to Figures 1 and 5-7 each | ead 18 conprises a conducti ve,
netallirc body 20 protruding fromthe periphery 17 of the body 14 and endi ng
at a termnus 22. Internediate the termnus 22 and the periphery 17 is a
hol e or passageway 24 formed through the body 20 in a direction generally
per pendi cular to both the-direction in which the |ead 18 extends and the

pl ane containing the | eads 18. The second el'enent adapted to construct the
nodul e 12 conprises stacking facilities 30. The stacking facilities 30
permit a nunber of the circuit packages 10 to be contained in a stack or
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t hree di nensi onal nodul e such as that 12 shown in Figures 5 and 7. The
facilities *30 include an electrically insulative, generally torroidal or
general ly ring-shaped nenber 32 defining a generally central void or
opening 34. The void or opening 34 is adapted to conformto the periphery
17 of the body 14 when the body 14 of the circuit package 10 is inserted
threreinto. The nenber 32 has an upper surface 36 and a | ower surface 38.
In preferred enbodi nents, where the | eads 18 are coplanar in a flat plane,
the surfaces 36,38 are also flat. If the |eads 18 are coplanar in a curved
pl ane or are otherw se not coplanar, the surfaces 36,38 are shaped so as to

This Sheet Has Been R<ﬂlaced
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conformto the plane or path defined by the leads 18. In any event, when a
.circuit package 10 is inserted into the opening 34, its |eads 18 and one
surface 36 of the nmenber 32 are generally parallel. Preferably, the nenber
32 and its void 34 are rectangular, as nost circuit packages 10 6
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are also rectangul ar. Ooviously, other shapes may be used, depending on the
configurati‘on of the associated circuit packages 10. Further, while it is

preferable that the torroid of the nmenber 32 be closed, it
the word "torroidal" connote/both closed, or O-1like, and open,
the nenber 32 is preferably selected so that
cuit package 10 inserted into the opening 34

o thg surface 36, the body 14 of a second

i nser into the opening 34 so that

torroids. The thickness 50
with the body 14 of one.
with its | eads 18 paral
circuit package (40 may
are parall el :é?
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to the surface 38. Also, preferably, when the bodies 14 of the two circuit
packages 10 are inserted into the opening 34, the bodies 14 abut within the
opening 34. Those skilled in the art will appreciate that the thickness 50
may be adjusted to achieve the foregoing follow ng a consideration of the
thlckness of the bodies 14 and the |locations, relative to the "top" and
"bottom' of the circuit packages 10, at mhlch the | eads 18 protrude.

According to the foregoing preferred construction, a stack 12 of circuit
packages 10 conprising two packages 10 and one stacklng facility 30 has a
total thickness equal to the thickness of one package 10 stacked on top
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PE 1D eaivar o« WD . as
of the other without the intervening nmounting facility 30. Formed on both
surfaces 36,38 of the nmenber 32 are separated conductive areas 52, which
may conprise sol der pads 54 resident on a conductive |ayer t hér ebeneat h
(not shown). The formation of the solder]pads may accord with any prior art

techni que. ThEIGRWENSITY! PRREEIVIMENSIONAIUBITEGRAT EFRCRRIUMBBUL B NS! der

pads 54 may conprise a printed circuit board produced I n ?nydconveplen
manner. Each sol der pad 54 resgeaikNg ¥d§%f‘ﬁﬂ$§ §nq% a lead 18 of a
circuit package 10. That is,'wngﬁha CFFCUI ackage is inserted into the
openi.ng 34, each |ead 18 corresponds
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Field of the Invention
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The present invention relates to an integrated circuit module aqd elements for making same, and
more particularly, to a high density, three—dimensiqnal integrated circuit module in which a *
pluralitj of individual integrated circuits are electrically and mechanically associated in a space
and volumg conservative manner. The present invention also relates to the elemenfs for making

the foregoing module.
Prior Work

It is often desirable to electrically anci physicaily associate together plural integrated circuits, such
as DRAMS, SRAMs, EPROME, logic packages and other semiconductor packages. Electrical
association relates primarily to properly interconnecﬁng the circuits with electrical conduétors,
| such as wires or cqnductive paths deposited on appropriéte,substrates. Spacé constraints may

limit or affect the manner of physically and electrically associating the circuits.

A desiderata of the present-invention is achieving the physical and electrical association together
of plural integrated circuits in a module which module occupies substantisally the least possible

amount of space or volume while properly electrically interconnecting the integrated circuits.
. This is the replacement sheet
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to, and overlies, one of the solder pads 54. Preferably, each | ead 18
engages i4¢s correspondi ng 7 sol der pad 54, although it is contenplated
that ‘for particular applications of the circuit packages 10 sel ected | eads
18 may not engage sol der pads 54. 2

SUMMARY OF THE INVENTION

The present invention conteﬁplates elements for producing a modular integrated circuit
assembly. The assembly first includes at least two integrated circuits; typical assemblies include
more than two integrated circuits. Each integrated circuit generally comprises a chip, which has
been appropriately processed so as to be able to perform selected electﬁcal functions, and a body,
often an ambient-excluding, insulative package surrounding and enclosing the chip. Leads _v&hich
are electrically continuous with the circuit project beyond the periphery of the body or package

for connection to or association with other conductors or components.

The assembly alSo includes intermediate circuit-supporting facilities. Each intermediate facility
includes a torroidal —open or closed-- electrically insulative member or substrate. The member
surrounds or defines a void or generally central opening which is adapted to surround the
peripheries of the bodies of édjacent integrated circuits. There are electrically conductive pads
on the member. The pads are adapted to be respectively engaged 6y and bonded to the leads

when the bodies are inserted into, and surrounded by, the void.

Preferably , the thickness of the member is selected so that the adjacent integrated circuits abut
just as they would absent the supporting facilities. In this fashion, a stack of alternating
integrated circuits and supportiné facilities --whether the stack include two or ten or more
integrated circuits-- occupies no more vertical space or volume than would a stack of the same

number of integrated circuits alone, tht is, without the supporting facilities being present.

Also, preferably, mounted on the ends of the stack are cap-like end pieces which are similar in

vins 1S the replacement sheet
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As best seen in Figure 3, the solder pads 54 are preferably forned on both
surfaces 36,38 of the menmber 32 with corresponding sol der pads 54 on each
side 'of the member 32 being electrically,continuous. Electrical continuity
is preferably achieved by forming pairs 8f pads 54 on either surface 36,38

of the nmenbenctd2 to the abppyningficilives,buewhioh dolfdtaicile volds 6hceatRpehif @Y. IThe top
I nterconnects the pad pair. The conductors 56 may conprise vias or

apertures 28dfpiceatytifulgiediondueavepatd Mhichrd fRpwatd Be Sgapdl anddvadapesd t ed

t hereon a conductive coating. Thus, the apertures constitut'e conductive

vias througéads e HEeiipRmcd? intédratb citdudn SR LERP| Bilb&HcdiflAlonilide paths may be

present on the top end-piece to selectively electrically interconnect the pads thereof. The bottom
end-piece may include the same or similar elements as the toé end-piece in addition to facilities
for mounting and electrically connecting the stack to a mother board or the like. These létter
facilities may, féf example, include conductive balls, such as solder balls, relatively stiff board-

mountable leads or conductive lands.

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a perspective view of an integrated circuit package;

Figure 2 is a perspective view of a mounting fac'ility which permits two integrated circuit
packages of the type shown in Figure 1 to be mounted in a stack according to the principles of

the present invention;
Figure 3 is a side elevation of the mounting facility of Figure 2 taken along line 3-3;

Figure 4 is an exploded perspective view of two circuit packages of Figure 1 and two mounting

facilities of Figure 2 adapted to form a stack thereof:

Figure 5 is a magnified view of a circuit package and a mounting facility associated together in

an unexploded form of the invention depicted in Figure 4;

This is the replacement sheet
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sone of the pads 54 on one surface 36 are electrically continuous wth pads
54 on the other surface 38. Such electrical continuity nay be chosen so
that *'the nodul e 12 perfornms desired functions. The corsespondence or |ack
of correspondence between sel ected | eads? 22 and pads 54, the presence of

absence of pfigadss 2% lﬁéﬁgbe%wéﬂ oPh sa&! (ﬁqarﬁgréuﬂgﬁ&a &‘Sandtrh% Rb&RnE itscBlties,

continuity or |ack thereof between sel ected pads on the surfaces 36, 38

may all be ﬁ&ggiﬁﬂh%&‘%te’ﬂd%k%% due consideration to the type and
e

function of circurt age O_the nodul e or stack 12 w ||

Figure 7 is a side elevation of the stack depicted in Figure 6 showing the bottom end-piece in

greater detail and a top end-piece for the stack.
DETAILED DESCRIPTION

Referring first to Figure 1, there is shown a pérspective view of a generalized integrated circuit
package 10, a first element adapted for the construction of an integratéd circuit module.
. According to the present invention, a plurality of such circuit packages 10 are cost effectively
associated together in a stack or three dimensional array thereof 12 (see Figures Sand 7) in a
space- and volurne-conserving manner by the use of elements ér facilities shown in Figures 2 and

3.

Referring to Figures 1 and 35, the integrated circuit package 10 is, in general, of standard
construction and includes a body 14, which rﬁay comprise a plastic, ceramic or similar material,
surrounding and enclosing one or more chips or the like which contain integrated circuits, not
Spcciﬁcally shown, but génerally indicated by the reference numeral 16. The body 14 preferably
has a rectangular or square configuration and peripl-nery 17 and is quite thin or low in height
compared to its length and width, although other configurations and shapes are contemplated.
Conductive leads 18 protrude from the periphery- 17 of the body 14. The leads 18 are electrically
. continuous with leads or conductive paths (not shown) on the chip or chips 16 and, in turn, with

the various circuits and circuit components in and on the chip or chips 16. The leads 18 permit

This s the replacement sheet
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performa desired function. As should be obvious, the circuit packages 10
may be the sane in a nodule 12 or may be partially or conpletely different.
Vari ous nethods may be used to nmechanically affix the leads 18 to their
respective sol der pads 54. These netho@s include | aser soldering and hot

ai r refl ovhexBlpdabid1s eldctrichilicdnadcdtddito 6a8Aal cirbGit SacladidBonereintie bakakds 10,
sol der plated prior to being soldered to the pads 54.
When the body 14 assumes its preferred configuration and shape, the leads 18 protruding from

the periphery 17 of the body (4 are generally coplanar in a flat plane, although such coplanarity

is not required by the present invention.

The leads 18 of the package 10 are specifically different from those of the prior art. In particular,
and referring to Figures 1 and 5-7 each lead 18 comprises a conductive, metallic body 20
protruding from the périphery 17 of the body 14 and ending at a terminus 22. Intermediate the
terminus 22 and the peﬁphery 17 is a hole or passageway 24 formed through the body 26 ina
direction generally pemeﬂdicula to both the direction in v'vhich' thé lead 18 extends and ;he plane

containing the leads 18.

The second element adapted to construct the module 12 comprises stacking facilities 30. The
stacking facilities 30 permit a number of the circuit packages 10 to be contained in a stack or
three dimensional module such as that 12 shown in Figures 5 and 7. The facilitieg 30 include an
electrically insulative, generally torroidal or geherally ring-shaped member 32 defining a
generally central void or opening 34. The void or opening 34 is adapted to conform to the
peripher}; 17 of the body 14 when the body 14 of the circuit pack;ge 10 is inserted threreinto.
The member 32 has an upper surface 36 and a lower surface 38. In preferred embodiments,
. where the leads 18 are coplanar in a flat plane, the surfaces 36,38 are also flat. If the leads 18 are
coplanar in a curved plane or are otherwise not coplanar, the surfaces 36,38 are shaped so as to
confoim to the plane or path defined by the leads 18. In any éQent, when a circuit i)ackage 10is
inserted into the opening 34, its leads 18 and one surface 36 of the member 32 are generally
parallel, Preferably, the member 32 and its void 34 are rectangular, as most circuit packages 10

aheet
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8 As shown in Figures 5 and 7, the stack 12 may conprise any sel ected
nunber of circuit packages 10 alternating with nmounting facilities 30. In
preferred enbodi nents the top or free surface of the uppernost circuit
package 10 and the bottomor free surfase of the | owernost circuit package

are covered_ w %I |.ec gs n 65“ The er .end-pi ece 60 | imlar to.
t he rmounti nag‘;r\élI Eascb:) ir%'q [iﬁ%ag §§¥,§ (%ﬁs? 50 af’?lsc‘fl?%%o‘ﬁ%%‘ %B%'ﬁfnﬁgon tge cgm%g%mno“ 3
the associated circuit packages 10. Further, while it is preferable that the torroid of the member

32 be closed, it is intended that the word "torroidal” connote both closed, or O-like, and open,

or C-like, torroids.

' The thickness 50 of the member 32 is preferably.selected so that with the body 14 of one circuit
package 10 inserted into the opening 34 with its leads 18 parallel to the surface 36, the body 14
of a second circuit package 10 may be insertéd into the opening 34 so that its leads 18 are parallel
to the surface 38. Also, preferably, when the bodies 14 of the two circuit_ packages 10 are
inserted.into the opening 34, the bodies 14 abut within the opening 34. Those skilled in the art
will appreciaté that the thickness 50 may be adjusted to achieve the foregoing following a
consideration of the thickness of the bodies 14 and the-locations, relative to the "top" and
“bottom" of the circuit packages 10, at which the leads 18 protrude. According to the foreg.oing

 preferred construction, a stack 12 of circuit packages 10 comprisiné two packages 10 and one
stacking facility 30 has a total thickness equal to the thickness 6f one package 10 stacked on top

of the other without the intervening mounting facility 30.

. Formed on both surfaces 36,38 of the member 32 are separated cbnductivc; areas 52, which may
comprise solder pads 54 resident on a conductive layer therebeneathi (not shown). The formation
of the solder pads may-accord wi_th any prior art technique. The mounting facility 30, including
its member 32 and the solde;r pads 54 may comprise a printed circuit board produced in any
convenient manner. Each solder pad 54, respectively corresponds to a lead 18 of a circuit package
10. That is, when a 6ircuit package 10 is inserted into the opcning 34, each lead 18 corresponds

to, and overlies, one of the solder pads 54. Preferably, each lead 18 engages its corresponding

“This Is the replacement sheet
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34 and may have sol der pads 54 on only one side thereof. The pads 54 may be
selectively electrically interconnected by, or nmay be sel ectively connected
to, ‘conductive paths or circuit conponents, such.as capacitors (not shown)
on-or in an electrically insulative body 64 of the end- piece 60. The free

surface of soldeep&is; pitieugh NGy coniipkdtet thAtiof paticulg pplicatit® draisdifalt paciagss
I dentity, part nunber, or the like. The |lower end-piece 62 is simlar to

the upper gNgidRiead€ad®q8 mdy doh&lgdgesoidd? pahesd.ri cally insulative body 68 with
sol der pads 54 on one sidé thereof. The pads nmay be sel ectively .

I nterrconnected by, or nmay be sel ectively connected to, conductive pads
and/ or :

As best seen in Figure 3, the solder pads 54 are preferably formed on both surfaces 36,38 of the
member 32 with corresponding solder pads 54 oh each side of the member 32 being electrically
continuous. Electrical continuity is preferably achieved by forming pairs of pads 54 on either
surface 36,38 of the rﬁember 32 in alignment with a conductor 56 which electrically
interconnects the pad pair. The conductors 56 may comprise vias or apertﬁres 58 formed through
the member 32 the walls of which have deposited thereon a conductive coating. Thus, the
apertures constitute conductive vias _through the member 32. It is also cohtemplatéd that only
some of the pads 54 on one surface 36 are cllectrically conﬁnudus with pads 54 on the other
surface 38. Such electrical continuity may be.chosen so that the module 12 performs desired

functions.

The correspondence or lack of correspondence between selected leads 22 and pads 54, the
pr.esence of absence of leads 22 and pads 54 at selected locations, the electrjcal continuity or lack
thereof between selected pads 54 on the surfaces 36,38 may all Ee chosen so that, giving_due
consideration to the type and function of each circuit package 10 the module or stack 12 will
perform a desired function. As should be obvious, the circuit packages 10 may be the same in

a module 12 or may be partially or completely different.

Various methods may be used to _mechanically affix the leads 18 to their respective solder pads
54. These methods include laser soldering and hot air reflow soldering. In the latter case, the

leads 18 are preferably solder plated prior to being soldered to the pads 54.

This is the replacement sheet
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circuit conponents (not shown) fornmed on or in the body 68. On the other
side of -the body 68 are fornmed plural solder balls 70 which are selectively
connected to each other, to the solder pads 54 and to the
conduct or s/ conponents on or in the body 68. The solder balls 70 are used to

L BTSSR 8 AT SRR m A R
conduct | vaoRAHaa gt L niBhIR lRL02 B pRkich EBREAE the' gy AERNARLERI Y 20

electrlcal onnect ack 1 ads

Th ence of the holes. 24
18 contai "h huoplpgxgmgs{ cxPc%?tsp% age Y& ant21 the bottgm or rge surface of theqowermost circuit package

are covered with end-pieces 60 and 62.

The upper end-piece 60 is similar to the mounting facility 30 but does not include the opening
34 and may have solder pads 54 on only one side thereof. The pads 54 may be selectively
electrically interconnected by, or may be selectively connected to, conductive paths or circuit
" components, such as capacitors (not shown) on or in an electrically inﬁulative body 64 of the end-
piece 60. The free suzfacé of the end-piece may contain indicia such as the manufactnirer's
identity, part number, or the like. The lower end-piece 62 is similar to the upper end-Piece 60.
It ingludes an electrically insulative iaody 68 with solder. pads 54 on one side thereof. The pads |
may be selectively interrconnected by, or may be selectively connected to, conductive pads and/or
circuit components (not shown) formed on or in the body 63. On the other side of the body 68
are t:ormed plural solder balls 70 which are selectively connected to each other, to the solder pads
54 and to the conductors/combonents on or in the body 68. The solder balls 70 are used to
surface- mount the stack 12to a motiler board, SIMM or other similar element (not shown). The
solder balls 70 are :abutted with appropriate conductive pads on the mother board and are then

melted to mechanically and electrically interconnect the stack 12 thereto.

As noted above, the leads 18 contain holes or passageways 24. The presence of the holes 24
results in the mechanical bond of each lead 18 to its solder pad 54 (and/or the underlying
conductive layer) being quite' strong and robust. Specifically, when the leads 18 (solder coated

or.otherwise) and the solder pads 54 are heated, the solder melts and wets the main trunk of the

This is. the replacement sheet
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results in the mechanical bond of each lead 18 to its sol der pad 54 (and/or
t he underlying conductive |ayer) being quite strong and robust.

Speci fically,

when the | eads 18 (sol der coated or otherw se) and the sol der

pads 54 are heated, the solder nelts &d wets the main trunk of the 9

leads 18 as well as the walls of the holes 24. Ultimately such wetting, possible aided by
capillarity, results in the hole 24 becoming filled Qith solder. When the heat is removed, the
~ solder within the holes 24 and the solde; wetting and coating the lead18 are fused in a continuum,
which renders the lead/pad 18/54 méchanically stronger than would be the case were the holes
24 absent. Thus, the stack 12 of circuit packages 10 is stable and robgst. Further, the stack 12
occupies minimal space and volume while nevertheless providing for electrical interconnection

of plural circuit packages 10.

Those skilled in the art will appreciate that the foregoing "description sets forth various
embodiments of the present invention, but that the invention in its broadest aspects is defined by

the following claims and as disclosed may be modified by those skilled in the art to nevertheless

fall within the scope of such claims. For example, the solder pads 54 may be replaced by -

equivalent elements, such as conductive polymers or other conductive substances.

This is the replacement stieet
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| eads 18 as well as the walls of the holes 24. Utimtely such wetting,
possi bl e aided by capillarity, results in the hole 24 becomng filled with
sol der. When the heat is renoved, the spolder within the holes 24 and the
sol der wetting and coating the | ead 18 Me fused in a continuum which
renders therlkep@d/ pad 18/ 54 nmechanically stronger than would be the case
were the holres 24 absent. Thus, the stack 12 of circuit packages 10 is
stabl e and“ﬁﬁéﬁgmw:Further, the stack 12 occupies mininmal space and vol ume
whi | e nevertheless providing for electrical interconnection of plural
circuit packages 10.

L. Elements usable to produce a modular integrated circuit assembly, which elements
comprise:
(A) an integrated circuit paékage, which includes
| (i) abody enclosing a circuit and
(ii) a plurality of leads which are eléctric_ally continuous with the circuit and
which project from the periphery of the body; and
(B) a package-supporting facility, which includes
(i) a generally torroidal, electrically insulative member having a void adapted to
surround the periphery of the body and
(ii) electrically. conductive pads on the member which are adapted to be engaged'
. by and bon;led to selected leads when the body is inserted into and surrounded by the

void.

2. A facility for forming a modular integrated circuit assembly, the assembly being of the type
which includes an integrated circuit package having a body enclosing a circuit and a plurality of
leads which are electrically continuous with the circuit and which project from the periphery of
the body, wherein the facility comprises:

a generally torroidal, electrically insulative member having a void'adapted to surround
the periphery of the body when the body is inserted thereinto, and

electrically conductive pads on the member which are adapted to be engaged by aﬁd

bonded to selected leads when the body is inserted into and surrounded by the void.

“his I8 the replacerment shieet
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Those skilled in the art will appreciate that the foregoi ng description
sets forth various enbodi nents of the present invention, but that the
invention in its broadest aspects is d flned by the fol I owi ng clains and as
di scl osed may be nodified by those Skl| ed |n the art to nevertheless fall

W in Lhe SCOPS of @i o Pkl o/ QA IAE hEd 05 SOLGRLR RRES i p%xag%@

repl aced by equival en nents, such as con

conducti Vem%&?a%lie o the void from opp051te sides of the member; wherein:

the thickness of the member is such that the bodies are abuttable with each other within
the void and the pads are simultaneousty engageable with the selected leads so that the effective
thickness of the abutting bodies inserted into the void is the same as the effective thickness of

the abutting bodies without the facility.

4. A plurality of the facilities as set forth in Claim 3, wherein:
the plural facilities are adapted to be alternated with a plurality of the circuit packages to

. produce a modular assembly in the form of a stack.

5. A facility as set forth in Claim 3, wherein:

the member has two opposed surfaces each of which carries conductive pads.

6. A facility as set froth in Claim 5, wherein:

selected pads on one surface are electrically connected to selected pads on the other

surface.

7. A facility as set forth in Claim 6, wherein:

the electrically connected pads are mutl_lally connected to conductive vias formed through

the member.

8. A modular assembly which comprises at least one of the facilities and at least two

circuit packages, both as set forth in Claim 3, wherein:

This is the reblacjement sheet
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10 CLAIMS WVE CLAIM 1. Elenments usable to produce a nodul ar integrated
circuit -assenbly, which elenents conprise: (A an integrated circuit
package, which incl udes 12 :

the facilities and the i)ackages are alternated within a stack thereof.

9. A facility as set forth in Claim 2, wherein:
the leads are included in a first plane, and
the conductive pads are included in a second plane which is congruent with the first

plane.

_10. A facility as in Claim 2, wherein:

the conductive pads include solder or a conductive polymer.

This: ;a' the replacement sheet
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(i) a body enclosing a circuit and (ii) a plurality of |eads which are
electrically continuous with the circuit and which project fromthe

peri phery of the body; and (B) a package-supporting facility, which
includes (i) a generally torroidal, elggtrically insulative nmenber having a
voi d adapted to surround the periphery of the body and (ii) electrically
conductive pads on the nenber which are adapted to be engaged

ABSTRACT OF THE DISCLOSURE

HIGH DENSITY, THREE-DIMENSIONAL INTEGRATED CIRCUIT MODULE AND ELEMENTS FOR
MAKING SAME :

A stacked, three-dimensional module (12) of infegrated circuits (10) is: formed by first inserting
circuit packages (10) into opposite ends bf a conformal opening (34) in an electrically insulative,
torroidal member (32) until their bodies (14) abut and their leads (18) engage conductive areas
(52) on the member (32). Selected leads (18) and areas (52) are mechanically and electrically
bonded together. Another member (32) may then be associated with one of the foregoing circuit
packages (10) and an additional circuit package (10) in the same way. The process continues until
a module (12) with the desired number of circuit packages (10) is formed. The module (12) may
be terminated with end-pieces (60, 62), one (60) of which interconnects selected leads (18) of the
topmost circuit package (10) and the other of which performs a similar interconnecting function

for the bottommost circuit package (10) and permits the module (12) to be surface mountred to

a mother board or the like.

Figure 4
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and

t he periphery of the body when the body is inserted thereinto
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abutting bodies without the facility. 4. A plurality of the facilities as
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produce a nodul ar assenbly in the formof a stack. 5. A facility as set
forth in Caim3, wherein: the nenber has two opposed surfaces each of

whi‘ch carries conductive pads. 6. A facility as séthM6ﬂhSBﬂmRb
G aim 6,

wherein: sel ected pads on one surface are eléctﬁlc
sel ected pads on the other surface. 7. A facil

wher ei n:

4/4
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wher ei n:

the leads are included in a

and the conductive pads are included in a second plane which

wher ei n:
10. Afacility-as in Caim 2,

12 the facilities and the packages are alternated within a stack thereof.

9. Afacility as set forth in Caim2,

first plane,

is congruent with the first plane.
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t he "conducti ve pads include solder or a conductive polyner.
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