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- 1 - TH N PACKAG NG OF MULTI - CHI P MODULES W TH ENHANCED THERVAL/ BORER ™
MANAGEMENT Technical Field This invention concerns packagi ng of

sem conductor devices with 5 integrated ci,rcuit units to be applied to
surface nmount assenbly. Background of the lnvention Portable industrial and
consuner products tend toward smaller size, |ower cost and increased

functionality. These rddliNBAERKAGINGQFMELTE-CHIBIMODULESt he devel opnent

of sem conductor papkgWH ENHENCED THERMALPOWER APARACGEVANt e | ar ger,

nore conpl ex jrnt!egrat gg circuits in smaller packages capabl e of handling
greater power —es— Conventional surface nount technol ogy utilizes

! faded pl astic packagékhis iéiwmimrcogaans batkagf?]lg fbf@%lflic@hdlﬁ:t@‘fdetvhﬁs Iu?tgded
- plastic packa . on. bhe reduced, s robl ens_as poor sol der
assenbl y yS;I glgfgréggngulnggksqggﬁtapgﬁeagtp Sfl&g%e 1?‘3“%‘&5?%@?’1 ty, and poor fine
pitch sol der Backgrionndwf ghellyvertient o conti nui ng shrinking of the |ead
pitch, continue to renrg f. ' | aging which
seenmed to overcone t hreps?) E‘g t6@0 #@n@’l_ fl}slargﬁﬁsﬁﬂqﬂé’? ﬁ{)nggtg té;?’dgtggvl d %gag{éﬁglrzg’y
Carrier (OVPADWer sosinol depreasail/fynctianalisyybThese requirements place greater emphasis
on the development of semiconductor packaging technologies which can
10 accommodate larger, more complex integrated circuits in smaller packages capable
of handling greater power densities.

Conventional surface mount technology utilizes leaded plastic packages.

However, as the pitch and size of the leaded plastic packages keep on being reduced,
such problems as poor solder assembly yields, due to poor control of lead

15 coplanarity, and poor fine pitch solder printing yields, due to continuing shrinking of
the lead pitch, continue to remain of major importance.

One type of packaging which seemed to overcome these problems is an

Overmolded Plastic Pad Array Carrier (OMPAC) technology. OMPAC assembly
utilizes a double-sided printed circuit or wiring board laminate. (Hereinafter the

20 printed circuit board or printed wiring board will be referred to as "PWB"). The top
side metallization of the PWB is comprised of a die pad for die attachment of an
integrated circuit unit and grounding and wire bond fingers. The integrated circuit
unit may include a semiconductor chip (a die), or multiple semiconductor chips, or a
Multi-Chip Module (MCM) tile including at least one chip flip-chip mounted on a

25 silicon substrate. The wire bond fingers extend outward to plated through holes
(hereinafter referred to as "thruholes") in the PWB located near the edge of the
package. The thruholes provide an electrical continuity from the top side to the
bottom side of the PWB. The signal path is completed on the bottom side of the
PWB by plated copper traces extending from the thruholes to solder pads for solder

30 bump termination. Except for the solder bumps, all metal features on the PWB are
photodefined, etched and electroplated with copper, nickel and gold. Conventional
epoxy die attach and wire bonding technologies are used to interconnect the
integrated circuit unit to the PWB. After the die and wire bonding, the PWB is
overmolded using conventional epoxy transfer technology. After post-mold curing,

35 the packages are solder bumped and.electrically tested. Subsequently these are
referred to as "ball grid array" (BGA) packages. Solder bumps are used for further



utilizes a double-sided printed circuit or wiring board | am nate.
(Hereinafter the 20 printed circuit board or printed wiring board will be
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array” (B&Y lg)eu():clr( R gle die or cemp component eDlé%%g 168 ncﬁud’es aWB 102, provided
with wire bond ﬁngers, 103, a polymer coating which functions as a solder mask,
104, on the fingers, thruholes, 105, contact pads, 106, wires, 107, interconnecting the

15 chip to the wire-bond fingers 103, and a molding compound, 108, enclosing the chip,
the wires and those portions of fingers 103, which are bonded to the wires. Contact
pads 106 are further provided with solder bumps, 109, for eventual interconnection
to a mother board (not shown).

In FIG. 12 of the drawings is shown a schematic representation of a

20 device, 120, a variant of the OMPAC BGA. Here the IC unit is a silicon-on-silicon
Multi-Chip Module (MCM) tile, 121, including a plurality of chips, 122 and 123,
flip-chip mounted by means of solder reflow technology to interconnection circuitry
(not shown) on a silicon interconnection substrate, 124. Silicon substrate 124 is
mounted on a PWB, 125, which is provided with wire bond fingers, 126, a solder

25 mask, 127, thruholes, 128, and contact pads, 129. The silicon substrate is
interconnected by means of wires, 130, to wire bond fingers 126. A protective shell,
131, filled with a highly compliant encapsulating material, such as silicone gel, 132,
protects the MCM tile. Contact pads 129 are provided with solder bumps, 133, for
eventual interconnection to a "mother board (not shown).

30 In contrast to device 100, device 120 avoids the molding step, thus
avoiding exposure of the assembly to rigors of the molding process. However, it is
desirable to reduce the thickness of the packages. Furthermore, it would be desirable
to provide for efficient removal of heat from the IC unit.



-2 - interconnection of the BGA package, for exanple, to a "nother board".
The not her board typically has a nuch |arger area than the OVPAC BGA
package, upon which nmay be arranged a nunt&rer of other interconnected

el ectrical elenents, such as capacitors, transforners, and resistors, which
cannot be conveniently integrated into 5 the chips or nodules, as well as
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10 type of mterconnection between the substrate and the PWB, the aperture may be

larger than the substrate of the MCM tile for wire bonding interconnection, or

smaller than the substrate for solder reflow or conductive adhesive interconnection.

In the wire bonding case, the MCM tile is positioned within the aperture resting on

the surface of either the PWB or a structural member or a heat sink which encloses

15 one end of the aperture. The other end of the aperture may be open or enclosed by a
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structural member, a heat sink, another PWB or a mother board. For solder reflow or
adhesive interconnections, the aperture is smaller than the substrate which is
positioned so that its end regions overlap areas of the PWB adjacent the aperture and
the chips and/or the substrate are positioned within the aperture. The
20 interconnections are encapsulated in a highly compliable encapsulating material,
such as silica gel.
Brief Description of the Drawing
FIG. 1 is a schematic representation in cross-section of a semiconductor
device having an MCM tile mounted on a multilevel PWB having a stepped
25 aperture, the MCM tile positioned within a cavity formed by the PWB, is electrically
connected to the PWB by means of wire bonds,
a structural member encloses the cavity and the cavity is filled with a
compliant encapsulating material encompassing at least the chips of the MCM tile;

FIG. 2 is a schemalic representation in cross-section of a semiconductor
30 device in which a single level PWB is provided with a stepped through-aperture
defined by the walls of the PWB and of a dam positioned on the PWB, a structural
member is attached to the PWB enclosing one end of the aperture, the structural
member, the walls of the aperture and the dam forming a cavity, the MCM tile rests
within the cavity on the structural member, the MCM tile is electrically connected to
35 the PWB by means of wire bonds, and the cavity is filled with the compliant
encapsulating material encompassing the MCM tile;



pads 106 are further provided with sol der bunps, 109, for eventual
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10 FIG. 5 is a schematic representation of the semiconductor device shown
in FIG. 4 in which a mother board, electrically connected to the PWB, is positioned
above the MCM tile enclosing the cavity;

FIG. 6 is a schematic representation in cross-section of a semiconductor
device in which a bi-level PWB is provided with a stepped through-aperture, an

15 MCMitile is mounted within a cavity formed by the stepped walls of the aperture,
the MCM tile is electrically connected to a lower level of the PWB by solder reflow
or conductive adhesive interconnections, the cavity is filled with the compliant
encapsulating material encompassing the MCM tile, and a structural member is
placed on the PWB above the substrate of the MCM tile enclosing the cavity on the

20 substrate side;

FIG. 7 is a schematic representation in cross-section of a semiconductor
device in which a single level PWB is provided with a through-aperture, the
substrate of an MCM tile is electrically interconnected to the bottom of the PWB by
solder reflow or conductive adhesion interconnections while chips of the MCM tile

25 are positioned within the aperture, a cup-like cover is placed over the MCM tile and
in contact with the substrate, flange ends of the cover being in contact with the PWB,
the cover and the walls of the PWB forming a cavity, and the cavity is filled with the
compliant encapsulating material;

FIG. 8 is a schematic representation of the semiconductor device shown

30 in FIG. 7 in which a mother board, electrically connected to the PWB on the side
opposite to the cover, is positioned above the MCM tile enclosing the cavity;

FIG. 9 is a schematic representation of a semiconductor device in which
the PWB is a bi-level board with an aperture in the upper level of the PWB, the
lower level and the walls of the upper level define a cavity, a plurality of heat-sink

35 regions are positioned' in and through the lower level of the PWB, a plurality of
silicon chips positioned on the lower level of the PWB within the cavity are



-3 - Summary of the Invention This invention enbodies a novel packaging of
sem conductor el ements, such as MCMtiles, with a variety of printed
circuit or wired boards (PWB), the packageg occupying snaller size than
prior art OVWPAC devices, at least in the 5 -vertical di nension. The MCM
tile includes an interconnection substrate with peripheral netallizations
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reflow or adhesive intérconnections, the aperture is smaller than the
substrate Which is FIG. 12 is a schematic representation in cross-section of another prior

art device with a MCM tile wire-bond interconnected to a PWB.
Detailed Description
This invention embodies packaging of silicon-on-silicon Multi-Chip

Module (MCM) tiles in packages which occupy smaller size, at least in the vertical
15 direction, than prior art OMPAC devices, effectively protect the MCM tile, and are

provided with a heat sink to remove the heat from the MCM tile. A typical MCM

tile includes an interconnection substrate and at least one silicon chip or integrated

circuit (IC) flip-chip fashion mounted on the substrate by solder reflow technology or

by conductive adhesive technology. The substrate may be made from a variety of
20 materials including silicon, ceramic and plastic laminate. Peripheral metallizations

are provided on the substrate to permit interconnection of the MCM tile to PWB or a

mother board.

Hereinbelow, are disclosed several variants of packaging the MCM tiles

with PWBs. The packaging is accomplished in a much more compact, at least

25 thinner, size than comparable prior art packages, e.g., of the type shown in FIGs. 11
and 12 of the drawings. In each variant disclosed hereinbelow, the PWB is provided
with an aperture for forming a cavity in which the MCM tile is positioned such that
after the cavity is filled with a compliant encapsulating material, the interconnections
between the chips and the substrate and between the substrate and the PWB are

30 protected from the environment. In order to facilitate efficient removal of thermal
energy in combination with the low-profile packaging of devices with high power
densities, the packages are provided with a structural member acting as a heat sink,
which encloses the cavity providing additional protection to the MCM tile. The heat
absorbed by the heat sink may be dissipated in a known manner, as is well known in

35 the art. This could be'accomplished by a fluid flow, e.g., air, passed over the heat
sink. The heat removal may be further enhanced by placing a heat spreader, e.g.,a



positioned so that its end regions overlap areas of the PWB adjacent the
aperture and the chips and/or the substrate are positioned within the
aperture. The 20 interconnections are enc_:?gsul ated in a highly conpliable
encapsul ating material, such as silica gel. Brief Description of the
Drawing FIG 1 is a schematic representation in cross-section of a
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MCM tile, (2) by the substitution, in subject structural member, of a low thermal
conductivity material such as plastic (which is relatively cheap) for the high thermal
conductivity metal (typically copper which is expensive) that would otherwise be
used for a heat sink, etc. In this application the advantages of a thin package will be
15 retained, and possibly enhanced, without incurring the costs of a fully realized heat
sink structure.
In FIG. 1 of the drawings is shown a schematic representation of one
variant of an MCM package, 10. A multilevel PWB, 11, includes a lower level, 12, a
middle level, 13, and an upper level, 14. In this variant, lower level, 12, is
20 continuous, while the middle and the upper levels are provided each with a through-
aperture forming a stepped aperture, 15, which forms with lower level, 12, a cavity,
16. In an exemplary embodiment the MCM tile is a silicon-on-silicon MCM tile, 17,
including a silicon substrate 18, and a plurality of silicon chips, 19 and 20, is
positioned in the cavity. The silicon substrate rests within the cavity on the surface
25 of the lower level of the PWB. Wirebond fingers, 21, on the silicon substrate are
interconnected via wires, 22, to contact pads, 23, on the middle level of the PWB.
These pads, in turn, are interconnected via thruholes, 24, to other levels of the PWB,
e.g., to contacts, 25, and thus, to solder bumps, 26, on the bottom of the lower level,
or, optionally, to other chips or electronic devices, such as 27 and 28, on the surface
30 of the upper level of the PWB. In this figure and in the remaining figures, for
simplicity, only a few of the contacts and thruholes are shown; however, it is well
known in the art how these are arranged on the PWBs. The MCM tile which rests on
the surface of the lower level is completely within cavity 16, the upper surface of the
chips being below the upper surface of the upper level of the PWB.



-4 - FIG 3 is a schematic representation of the sem conductor device shown
in FIG 2 in which a nother board is electrically connected to the PWB,

FIG 4 is a schematic representation in cross-section of a sem conductor
device in which a bi-level PWB is provided with a stepped through-aperture,
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st epped wal | syedts clbse emough tor pick up the heat produced by the components of the MCM tile
during an operation of the device. Optionally, a heat conducting compliant member,
10 32, such as a heat conductive paste or thermal grease, may be placed so that it will be
in physical contact with the chips and the heat sink.

In FIG. 2 of the drawings is shown a schematic representation in cross-
section of another variant of an MCM package, 35. The silicon-on-silicon MCM tile
is similar to MCM tile 17 described in FIG. 1; therefore, similar numerals will be

15 used for the MCM tile in this figure and in figures 3-10 that follow. A single level
PWB, 36, is provided with a through-aperture, 37. A dam, 38, is positioned on an
upper surface of the PWB, encircling the aperture. The dam is spaced away from the
aperture to permit interconnection between the silicon substrate and the PWB. The
dam functions as a retainer for compliant encapsulating material to be encompassing

20 the MCM tile. A structural member, 39, is secured to the bottom of the PWB. The
structural member is a rigid plate which may be utilized only for enclosing one end
of the aperture or it may also be used as a heat sink. For the former purpose the
structural member may be of a plastic material, while for the heat sink it could be of
metal or some other material having high heat-conducting characteristics. The

25 structural member, the walls of the aperture and the dam form a cavity, 40. MCM
tile 17 is within the cavity with silicon substrate 18 of the MCM tile resting on and
in contact with the structural member. Wire bond fingers 21 on the silicon substrate
are connected by wires 22 to contact pads, 41, on the PWB. The MCM tile and the
wire interconnections are encapsulated in compliant encapsulating material, such as

30 silicon gel, 29. Asin FIG. 1, the silicon gel encompasses the interconnections
between the substrate and the chips and the substrate and the PWB, protecting them
against the environment.

In FIG. 3 of the drawings is shown device 35 electrically and
mechanically interconnected to a mother board, 42. The mother board has an

35 aperture, 43, large enough to encompass dam 38. The mother board overlies the
PWB and is electrically connected by means of solder or conductive adhesive



the MCMtile is electrically connected to a | ower |evel of the PWB by
sol der reflow or conductive adhesive interconnections, the cavity is filled
with the conpliant encapsul ating material ,enconpassing the MCMtile, and a
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a plurality oheRfRbna ShtNrate to contact pads, 52, on the lower level of the PWB. Contact
pads, 52, in turn, are interconnected via thruholes, 53, to contact pads, 54, on upper
level 51 of the PWB for future connection to another PWB or a mother board.
Additionally, the MCM tile and the wire interconnections are encapsulated in silicon
15 gel 29.
In FIG. 5 of the drawings is shown device 45, electrically and
mechanically interconnected to another board, such as a mother board, 55. Mother
board 55 overlies the upper level of the bi-level PWB enclosing cavity, 51.. Mother
board 55 is connected to PWB 46 by means of solder reflow interconnections, 56.
20 In FIGs. 1-5 of the drawings were described MCM package variants in
which wire bond fingers on the silicon substrate of the MCM tile are interconnected
to contact pads on the PWB by means of wires. In order to provide viable
interconnections, the wire-bond fingers made of wire bondable metal such as
aluminum, and the related pads on the PWB must have a wire bondable surface
25 finish such as gold-over-nickel plated copper. By eliminating the wire bonding
interconnection, the need for expensive gold-over-nickel plating of copper on the
PWB would also be eliminated. MCM packages described in FIGs. 6-10 are
produced without wire bonding between the silicon substrate and the PWB. Here,
the bonding may be provided by solder reflow or by conductive adhesive
30 interconnection technology. For soldering the PWB is provided, in a known manner,
with a pattern of contact pads which match I/O pads on the MCM tile. In order to
provide a proper surface for reflow solder, each of these contact pads is finished in a
known manner with a solder wettable metallization. This interconnection removes
the necessity for wire bond connecting the circuitry on the silicon substrate to the
35 circuitry on the PWB.



35 regions are positioned in and through the |ower |level of the PWB, a
plurality of silicon chips positioned on the Iower level of the PWB within
the cavity are 5 - connected thermally to the heat-sink regions and
electrically to the PWB by sol der refl ow "ot - conducti ve adhesive

I nterconnections, and the cavity is filled wth the conpliant encapsul ating
material; FIG 10 is alnsmrdemmtacconimpdas et iod printed sbide sssimiaticonnectiahevi ce

5 shown in FI ' ' ' i cal toth
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e er ‘prior art

FIG 12 is a sc tic representation 1n cross-section of anot

devi ce wit h° a PRV Injanexgmplary gmgodimeat. diasa seldewetiabie Bomadpeeuld bed

Descri ption Thbsfiguivens IOAmEPRM 188 pAKIAG 306 10k (52 Wil§ PlciPty Sbiihgen

Mul'ti - Chi p printing with 170 pum by 280 um solder paste deposits at the same time the solder
paste is being printed on internal I/O pads used to attach the chips to the substrate.
This process may be used with an intermediate to high melting point temperature

10 solder, such as 95/5 Sn/Sb, to produce solder-bumped MCM tiles on which, after
whole wafer assembly, cleaning, testing and separation into individual tiles, each
output pad on every tile would be furnished with a solder bump. As such they would
be suitable for reflow soldering with printed eutectic (or near eutectic) Sn/Pb solder
paste common to standard Surface Mount Technology (SMT) assembly.

15 Incidentally, the addition ot solder bumps to the I/O pads of the MCM tile would
also improve testability, and hence yields (as it does whenever solder bumped dies
are tested electrically) by reducing the number of good tiles that are rejected due to
false readings. A technology for forming solder bumps on metal pads of an element,
such as on an IC package, substrate or PWB, is disclosed in U.S. Patent No.

20 5,346,118 issued September 13, 1994, which is incorporated herein by reference.
That technology is very useful in manufacturing devices without wire bond
interconnections.

In FIG. 6 of the drawings is shown a schematic representation of an
MCM package, 60, in which an MCM tile is interconnected to a PWB by means of

25 solder bonding. The MCM package includes a bi-level PWB, 61, having a lower
level, 62, and an upper level, 63. The PWB is provided with a stepped through-
aperture, 64, which is open on the bottom of the lower level of the PWB. The size of
aperture 64 is such that, when silicon substrate of the MCM tile is electrically
interconnected to the PWB, ends of the silicon substrate overlay regions of the PWB

30 adjacent to the aperture in the lower level of the PWB while chips on the silicon
substrate face downward and fit into the aperture in the lower level without
contacting the walls of the aperture. MCM tile 18 is positioned such that an upper
surface of silicon substrate 18 of the MCM tile faces upwardly while chips 20 and 21
face downwardly through the aperture in the lower level and, yet, the chips are

35 recessed within the apérture relative to the bottom surface of the lower level of the
PWB. Device 60, is also provided with a structural member, 65, placed adjacent to



Module (MCM tiles in packages which occupy smaller size, at least in the
vertical 15 direction, than prior art OMPAC devices, effectively protect
the MCMtile, and are provided with a hea* sink to renove the heat fromthe
MM tile. Atypical MCMtile includes an qﬂ erconnection substrate and at

| east one silicon chip or integrated circuit (1C flip-chip fashion nounted
on the subst r besilispnsebsisie. r Bl smctusdimerhbayy whichigpclossscmetend of apiraise 64,
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and wire bonded to the PWB circuitry as in the prior art exemplified by FIGs. 11 and
12.
15 In FIG. 7 of the drawings is shown a schematic representation of another
variant of an MCM package, 70, in which an MCM tile is interconnected to a PWB
by means of solder reflow bonding. The MCM package includes a single level
PWB, 71, provided with a through-aperture, 72. MCM tile 17 is positioned such that
chips 19 and 20 of the MCM tile are positioned within aperture 72, while ends of
20 silicon substrate 18 of the MCM tile overlap the bottom surface of the PWB adjacent
to the aperture so that the silicon substrate lies outside of the aperture. Bond fingers,
73, on the silicon substrate are electrically connected by solder reflow to contacts,
74, on the PWB. A cup-like cover, 75, is in contact with the bottom surface of the
silicon substrate, while end flanges, 76, of the cover are attached to the bottom of
25 PWB by means of an adhesive (not shown). The cover may be of metal, such as
copper or of plastic material having high heat-conducting characteristics for use as a
heat sink for the MCM tile. A metal cover is advantageous because it can act as an
electromagnetic radiation shield. A cavity, 77, formed by walls of aperture 72 and
by the cover, is partially filled with a compliant encapsulating material, such as
30 silicon gel 29, protectively enclosing the MCM tile and interconnections between the
bond fingers and the contacts.
In FIG. 8 of the drawings is shown device 70 electrically and
mechanically connected to another board, such as a mother board, 78, which overlies
cavity 77 on the upper side of the PWB. Mother Board 78 is electrically connected

35 to the PWB by means of solder reflow interconnections, 79.



whi ch encl oses the cavity providing additional protection to the MCMtile.
The heat absorbed by the heat sink nay be dissipated in a known manner, as
is well known in 35 the art. This could bF acconplished by a fluid flow,
e.g., air, passed over the heat sink. The heat removal may be further
enhanced by placing a heat spreader, e.g., a -6 - finned heat spreader,
in contact with the hdafFlGi fkf thahirawings istshownresghtreatid wipsemsatieuiof ST s
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there are 5 nﬂinz&ﬁmt llﬁ%w&nﬁlsﬂ#ﬁﬁ ro@ aﬁMEMhﬂé ezf%lhg/leb@\ﬂ/pmwlr di@ﬁkﬁwdﬁaldoes
not requi rﬁ) e use_ o %Iét %’? nk or thetréag a% s, #?Viié%
appl i catio PHE-& i et"l‘i‘? VY R RPRNSAteS 2 Bis Ve, V\klamlinb
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defini ng t he thedd¥Bulndithowallobdfitire apertise $p.0At plnplityhef Mabsink lirsert§, 88, tafsat he
substituti on, y}fys BOEHha1Vids) B S Ade AT Towd 1o fo1 0P Yhe PR R B remove the heat
10 away from the chips. The cavity is filled with a compliant encapsulating material,
such as silicon gel 29, protectively enclosing the interconnections between the chips
and the PWB.
In FIG. 10 of the drawings is shown device 80 electrically and
mechanically connected to a mother board or some other PWB, 89, which overlies
15 the upper level of the PWB, enclosing cavity 87. Mother board 89 is interconnected
to PWB 83 by means of solder reflow interconnections, 90.
Finally, if the PWB is to be an intermediate interconnection or lead-
frame board similar to the lead-frame PWB which is mounted to a mother-board
(either a single-sided flexible PWB or a double-sided rigid PWB with PTHs), it
20 would be patterned so as to mate with the mother-board through an IO array of
robustly solder printable bumped solder pads. Bumped solder pads are
advantageous, but pads without solder bumps are not excluded from this invention.
For example, use of the 60 mil OMPAC standard BGA pitch would easily allow for
a perimeter array of two staggered (for easy routing, even on an inexpensive single-
25 sided PWB) rows of 0.71 mm (28 mil) diameter solder pads totaling 108 /O in a
25.4 mm by 25.4 mm package. This provides the room needed for both (1) as many
as 108 I/O connections and (2) the opening for the tile, without altering the shape or
size of either the MCM package or the area on the mother-board required for the
next level interconnection. At the same time it will still permit robust printed solder
30 BGA bumping and surface mount reflow solder attachment to the mother-board.
Additional advantages and modifications will readily occur to those
skilled in the art. Therefore, the invention in its broader aspects is not limited to the
specific detail, representative devices, and illustrated examples shown and described.
Accordingly, various modifications may be made without departing from the spirit or
35 scope of the general inventive concept as defined by the appended claims and their
equivalents. Departures from the present embodiments may be made without



conductivity material such as plastic (which is relatively cheap) for the
hi gh thermal conductivity nmetal (typically copper which is expensive) that
woul d ot herwi se be used for a heat sink, etc. In this application the
advant ages of a thin package will be 15 T"rétained, and possibly enhanced,
Wi thout incurring the costs of a fully realized heat sink structure. In
FIG 1 of the dtpamingdsom shesipintrang ssofecofethe presepimeativat Fonexafmpdsehesar i ant
of an MM pacmeuurégnexeb&%sevmgévemt uﬁelemso@ﬁhaﬂsmndfs%ﬁ&mmve' 12, a

m ddl e | evel IS varl a | evel , 12,
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the PWB. These pads, in turn, are interconnected via thruholes, 24, to
other levels of the PWB, e.g., to contacts, 25, and thus, to sol der bunps,
26, on the bottomof the lower |evel, or, optionally, to other chips or

el ectroni ¢ devices, such as 27 and 28, on the surface 30 of the upper

| evel of the PWB. In this figure and in the remaining figures, for



simplicity, only a few of the contacts and thruhol es are_shown; however, it

Is well known in the art how these are arranged on the heet: ¢eg
which rests on the surface of the | ower level is conplete "nJ ” ty
16, the upper surface of the chips bei ngj1 €l ow t he upper

upper level of the PWB. -7 - Cavity 16 is filled with a highly conpliant

encapsul ati niClaimassri al , 29, such as silicon gel. The encapsul ant encl oses
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the chips andyd Qﬁ)s{}&@tanﬁ 'tﬁH(PWB, and a structural member larger in size than the aperture is
10 positioned in contact with the PWB enclosing one end of the aperture, said structural

member is of a heat-conducting material, is positioned adjacent to the MCM tile and

acts as a heat sink for removal of heat from the MCM tile resulting from the

operation of the device.

2. The MCM package of claim 1, in which the PWB is a multilevel
15 PWB, the aperture is a stepped aperture formed in the upper levels of the PWB, the
substrate rests on the lower level of the PWB, and the circuitry on the substrate is
connected via wirebond interconnections to the circuitry on the PWB, said structural
member is a flat member which overlies edges of an uppermost level of the PWB
enclosing the adjacent end of the aperture, said structural member is a heat sink
20 positioned adjacent to said at least one chip of the MCM tile.

3. The MCM package of claim 2, in which a thermally conductive
compliant member is positioned between said heat sink and said at least one chip.

4. The MCM package of claim 1, in which the PWB is a single level

PWB, the aperture extends through the PWB, said structural member is a flat

25 member attached to a bottom surface of the PWB and enclosing one end of the
aperture, the substrate rests on the structural member, a dam is on an upper surface
of the PWB, the dam is spaced a distance from an edge of the aperture sufficiently to
permit a wirebond connection between the circuitry on the silicon substrate of the
MCM tile and the circuitry on the PWB, and said at least one chip is within a cavity

30 formed by the structural member, walls of the aperture in the PWB and the dam, said
structural member being a heat sink.

5. The MCM package of claim 4, in which said heat sink is located
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In FIG 2 of the drawings is shown a schematic representation I n cross-
section of another variant of an MCM package, 35. The l.lcon
McMtile is simlar to MCMtile 17 descri gd in FIG 11‘ﬁfs %Qensﬁelacﬁé)lar
nunerals will be 15 wused for the MCM til |nth|sf|g res
3-10 that follow. A single |evel PWB, 36, is provided
t hr ough- apert@ﬂElCeIBIOSa\ddabatrm IS positioned on an upper surface of t he
PWB, encircling the aperture. The damis spaced away fromthe aperture to
permt interconnection between the silicon substrate and the PWB. The dam

functions as a retainfr TheMeMnpackage ofelaia in sthichgheraeckagais meursed to
enconpassi ng ZfothbFEoaMEMiihi dnSapeAufe! Jrbifibthad arf'ﬁ@?%éﬁneﬁgog the d§ﬁ°ah\ﬁ%1&tg sthe

bott om of the he structural menber

utilized onl yereGP’CQﬁXICB%'Feﬁ&d&Héh"e‘l‘RPeéFu %OSH&?%IBE‘“BISOWFY W§9Waﬂfso be used
as a heat s$nkondutive héhdsbierBterquuhgai@. t he structural nmenber nmay be of a
plastic material, while for the heat sink it could be of netal or sone

ot her material having high heat-conducting characteristics. The 25
structural menber, th& Wat MCMfpackageafeldiork immdtichithe BB isor bi-laveldoatdy, 40.

MCMtile 17 |
O 1117 T e et e R B G Bl R
on the silicol fiahmembat attaghed ton heltare guilgcevif tesPWB angd ensiasingtonsasitie, ofalie on

the PVB. The Wodhuirk! e MOM e i¥virRid o ﬁﬁ@rﬁﬂ@%‘s‘aﬂﬁrﬁé F‘esﬁﬁ'&g@ﬁiéls%%ﬁrzg
corrpl I ant ca | ating material, such sil1con | G
1, the sil f‘g "é‘ﬁ? turalymemgber 4%183 é-%)fﬁ ﬁ%iﬁtsl%énd me circuitry on the

substrate is connected via wire-bond to the circuitry on the PWB.

8. The MCM package of claim 7, in which the package is mounted to
another board which overlays the upper level of the PWB and the aperture, and said
another board is electrically connected via solder reflow or conductive adhesive

15 interconnection to an upper surface of the PWB.

9. The MCM package of claim 1, in which the PWB is a bi-level PWB,
the aperture is a stepped aperture through both levels of the PWB, the MCM tile is
within the aperture, with ends of the substrate overlapping edges of a lower level of
the PWB adjacent the aperture, the circuitry on the substrate is electrically connected

20 via solder reflow or conductive adhesive interconnection to the circuitry on an upper
surface of the lower level of the PWB, and said at least one chip of the MCM tile are
positioned within the aperture in the lower level of the PWB, said structural member
overlaps edges of an upper level of the PWB enclosing an adjacent end of the
aperture, said structural member being a flat member located adjacent the substrate

25 and acting as a heat sink.

10. The MCM package of claim 1, in which the PWB is a single level
PWB having a through-aperture, the substrate of the MCM is attached to and
overlaps end regions of the bottom surface of the PWB adjacent the aperture, the
substrate is electrically connected via solder reflow or conductive adhesive
30 interconnection to the PWB, said at least one chip of the MCM tile is located within
the aperture in the PWB, and a cup-like cover attached peripherally to a bottom

[



between the substrate and the chips and the substrate and t hepP¥aet Has Been Replaced

protecting them against the environnment. In FIG 3 of the dra
device 35 electrically and nechanically _ig%_erconnect ed to a %MEM!BB m“
42. The not her board has an 35 aperture, | ar ge enough to

38. The nother board overlies the PWB and is electrically connected by
means of sol d@irfase of BRNB enslesamieisilison subsrate, saidepraheang ingaatacmith t o t he

PVB. In FIG #heQlibdthee Of BWMIEM #iRe a8 Q¥ LasSLRGTBInk Fof BB SES@ALAL I On in
cross- section of yet another variant off an MCM package, 45. The MCM

package includes MCMtile 17, a bi-level PWB, 46, and a structural menber,
47, acting as a heat Hi NMkhe MICM PecKa¥Bof Slai QU idashivh the pacikde@RP@Bunted to

R W T N LT o RO N o
menber whi dh spectuces asidanieerdodrdib ekpeically eortfcfedntoitegP W Bclayvmesns dkoldéhe MCM
tile is posi t{eﬁé@&r‘@oﬁ@ﬁﬁivﬁ@ébéﬁvéﬁ CHEQE];‘SI nby the structural nenber and

the wal | s of epped aperture, \tNI I'ton substrate 18 of the MCM

12. The MCM package of claim 1, in which the PWB is a bi-level PWB,
the aperture is formed in the upper level of the PWB, said MCM tile is replaced by at
least one semiconductor chip flip-chip mounted within the aperture on an upper

10 surface of the lower level of the PWB, a plurality of thermal vias are provided in said
lower level of the PWB for removal of heat from said at least one semiconductor
chip, and said at least one chip is solder reflow or conductive adhesive
interconnected to the circuitry on the PWB.

13. The MCM package of claim 12, in which the package is mounted to
15 another board which overlays the aperture and an upper surface of the upper level of

the PWB and is solder reflow or conductive adhesive interconnected to the PWB,

14. The MCM package of claim 1, in which said substrate comprises
silicon.

15. The MCM package of claim 1, in which said at least one silicon chip
20 is flip-chip mounted on the substrate.

16. The MCM package of claim 1, in which said structural member is of
a not highly heat conducting material.

17. The MCM package of claim 2, in which said structural member is
eliminated entirely.
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10 tile resting on the structural nenber. Wres 22 interconnect w rebond
fingers 21 on the silicon substrate to contact pads, 52, on the | ower |evel
of the PWB. Contact pads, 52, in turn, ari i nt erconnected via thruhol es,

53, to contact pads, 54, on upper |evel 66f the PWB for future connection
to another PWB or a nother board. Additionally, the MCMtile and the wire

i nt erconnections are eﬁEHINMAeEKAG]ﬂNGiOENHmLTBCIgH?NmDDULES:I G 5 of the

drawi ngs is shown deyif] ENH r connect ed
to anot her board, SSXL as a AN g?‘%?@%ﬁ%ﬁ“@@@ven ies the

upper |evel ofAbskEachi | evel PV\B encl osing cavity, 51. Mdther board 55 is

connect ed ¢ o Ao pRaERAT sOhiAAE: SIEREAY uPh S8 SROVALL 020 ey

In FIGs. 1-5 of, t edr awi ngs were descrl vari ants i ch
wire bond f ngERE SHCpR o siired hoards (B3R athe rorkazss osRapying dsmalksize, at least
i nt er connect edn the veawaaairemsr&zrnvfehe pHU\BarbDMBAGSdleceW de‘ﬂ thg der to
Pondabl e met ai b “BEMREhr ARy il it dpapen iR TR e baHeA P have
awre bondabbblpsﬂlnﬂtagmat@ﬁcuchntr{l@}msmbd amtl@_aiudstcateby soldkredefipwaired copper .
gol a- over i cRQAUEY ERRRIL ARl HRERIPR th mpl Se AL R NI o0 o
packages dic m%@v‘rlnlsmr cxided with aara@emr@cfgtwommdd@uon of atdedsbont ¢hip bet ween
the silicon syhedihatRpémtfing bt tBpe bMmferconnection between the substrate and the
PWB, the aperture may be larger than the substrate of the MCM tile for wire
bonding interconnection or smaller than the substrate for solder reflow or conductive
adhesive interconnection. In the wire bonding case, the MCM tile is positioned
15 within the aperture resting on the surface of the PWB or of a structural member or of
a heat sink which encloses one end of the aperture. The other end of the aperture
may be open or enclosed by a structural member, a heat sink, another PWB or a
mother board. For solder reflow or conductive adhesive interconnection, the
substrate which is larger than the aperture is positioned so that its ends overlap areas
20 of the PWB adjacent the aperture and the chips and/or substrate are positioned within
the aperture. The interconnections are enclosed in a compliable encapsulating
material, such as silica gel.

This Sheet Has Been Replaced
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t he bondi'ng may be provided by solder reflow or by conductive adhesive 30

I nt erconnection technol ogy. For soldering the PWB is provided, in a known
manner, with a pattern of contact pads which match I/ O pads on the MCM
tile. In order to provide a proper surface for reflow sol der, each of these
contact pads is finished in a known manner, with a sol der wettabl e

metal lization. This interconnection rennvé he necessity for wire bond
connecti ng the circuitry on the silicon substrate to the 35 circuitry on

t he PVB. #gglgrder to accommpdate the use of printed sol der as an
|nterconnect|on m bétween the MCMf{ile and the PWB, wirebond fingers
21 on MCMtile substrates, e.g. or in any one of FIGs. 1-5, were replaced
by sol der wettabl e baZ? | 1@ gad whi ch were deposjfed at theasgane
tinme as the intercon t M N(§25 . In 30 exééw)2§ Sl

t hese sol der wett [ :
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This process may be used with an internmediate to high nelting point
tenperature 10 solder, such as 95/5 Sn/Sh, to produce sol der-bunped MCM
tiles on which, after whol e wafer assenbly, cleaning, testing and
separation into individual tiles, each output pad on every tile would be
furnished with a solder bunp. As such they would be suitable for reflow
soldering with printed eutectic (or near ectic) Sn/Pb sol der paste
comon to standard Surface Mount Technol (SMI) assenbly. 15
Incidentally, the addition of solder bunps to the I/O pads of the MCMtile
woul d al so inprove testability, and hence yields (as it does whenever

sol der bunped dies are tested electrically) by reducing the nunber of good
tiles that are rﬁéﬁiféi:cul to fal se readings. A technology for form ng
sol der bunps on |UpadsfFof an el enent, such as on an | C package,
substrate or PWB, is disclosed in U S. Patent No. 20 5, 346, 118 i ssued
Septenber 13, 1994, which is incorporated herein by reference. That

technol ogy is very usefulsin nufacturing devi d8s with@® Hfre bosg 50
I nterconnections. In FIG of“th rawi ngs i s 3ffown a sghengatic
representation of an MCM pacldage,/60, in which an MCM tilfe i

I nterconnected tQ a_P ans/of 25 solder bonding. fThe ackag
i ncl udes a bi arte - =52, 25520
63. The PWBg W ¥ . G ' n
on the bott I of ,t hg PWB. [The size 7
by /
21 22 %2 49
18 19 20
\____v__._/
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aperture 64 is such that, when silicon substrate of the MCMtile is
electrically interconnected to the PWB, ends of the silicon substrate
overlay regions of the PWB 30 adjacent to the aperture in the | ower |evel
of the PWB while chips on the silicon substrate face downward and fit into
the aperture in the lower |level wthout contacting the walls of the
aperture. MCMtile 18 is positioned such an upper surface of silicon
substrate 18 of the MCMtile faces upmardj;?Mhlle chi ps 20 and 21 face
downwardly through the aperture in the |lower |evel and, yet, the chips are
35 recessed within the aperture relative to the bottom surface of the |ower

| evel of the PVB. NCE , Is also provided with a structural nenber, 65,
pl aced adj acent t « 1 the silicon substrate. The structural nenber,
whi ch encl oses one end of aperture 64, defines tppether with walls of
aperture, 64, a cavity, 66. The structygral nmenber; nmade of a high
heat - conducting material, is being us as a'igaﬁ 2 K f ?{ the MCMtile.
Bond fingers, 67, on the ghlico ubstrate ar gc i cal gy cobBected to
contacts, 5 68, en—the P by ans of sol dey rfefl gw i nt &rconnfecti ons, 697
The cavity is_fJH-ed=—¥\t ' ' ' '
i nt er connect J2A0I ps, and the X

61 & s / / Ll

68 64 29 66 62
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silicon substrate and between the bond fingers on the silicon substrate and
the contacts on the PWB. Since only the ends of the silicon MCMtile
substrate are in contact with the circuitry on the PWB via sol der

i nterconnections and the chips are 10 wthin the aperture, the thickness
of the assenbly is reduced, to the thickness of the PWB. This conpares
favorably to the MCMtil e-on- PVB assenbly Sickness that results with the
MCM tile nounted on top of the PWB, orierA,Z with the chips up, and wire
bonded to the PWB circuitry as in the prior art exenplified by FIGs. 11 and
12. 15 In FIG 7 of the drawings is shown a schematic
representation of another variant of an MCM package, 70, in which an MCM
tile is inter F@cte to a PWB by neans of solder reflow bonding. The MCM
package includes a single |evel PWB, 71, provided with a through-aperture,
72. MCMtile 17 is positioned such that cg ps 19 and 20 of the MCMtile are
positioned within aperture 72, while ends of 20 silicon substrate 18 of
the MCMtile overlgap the bottong@urf e ‘ t he VA adj ac at to thegeiper heir e
so that the silicdH substrate t1es Qtside of t9 e apertu Bond fyhgerY;
73, on the silicof substrate ire el ectrifcally gonnected By sol der frefl ow to
contacts, 74, on fhe PWB. A pI ke cojer, 75} is in coptact vm't t he

bott om surfac% A—substratel whilelond f| anges.__/¢

cover are /7;"!' 7,5‘//"' m;r means Of "" '! /7/’
/] e ,mmmm,ww zzé/
shown). 3 \\\\\\\\\\\ GIRRARARNSMANNNININ \\\\\‘\\\\\\\\\\\\\\
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copper or of plastic material having high heat-conducting characteristics
for use as a heat sink for the MCMtile. A netal cover is advantageous
because it can act as an el ectromagnetic radiation shield. A cavity, 77,
formed by walls of aperture 72 and by the cover, is partially filled with a
conpliant encapsul ating material, such as 30 silicon gel 29, protectively
enclosing the MCMtile and interconnect |s)/zs bet ween the bond fingers and
the contacts. In FIG 8 of the draw ngs ¥5¥shown device 70 electrically and
mechani cal |y connected to another board, such as a nother board, 78, which
overlies cavity 77 on the upper side of the PWB. Mdther Board 78 is
electrically connected 35 to the PWB by neans of sol der reflow

i nt erconnections, 79 In FI 9 of the drawings is shown a schematic
representation of sthfGanotﬂe vari ant of a sem conductor package, 80, in
whi ch i nterconnection betmﬁﬁ an active sem conductor elenent and a PWB is
provi ded by neans of sol der W. In thl@Qvariant, hpwever, instead of an
MCMtile, a single or a plurality of individual 5 chip 1 and 82,

e.g.
are sol der refl ow i nt er connec ettt uiainertOhetiBacka Sy 1 AW bo | ower
| evel , 84, and evel NRMRATRRRTTRNNE e it
eve and an upper |eve \\“1%\\&\\\\\\\\\%\\\& med in qg4t;|c0)§er
XN NN\ et
777/ e 12074 "
109 g 106 105
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| evel of the PWB. The chips are located in a cavity, 87, forneg ‘B c;at;‘g t sheet
| ower |evel of the PVB and the walls of the aperture 86. A plurality o

heat sink inserts, 88, (also known as thernmal vias) is provided in the

lower level of the PWB to remove the heafl610 away fromthe chips. The
cavity is filled with a conpliant encapsulating material, such as silicon

gel 29, protectively ?’Fﬂﬁ\of’ AhﬁN@WWPUW WF‘@S the chi ps and

the PMVB. In FIG 10 o raW|nS|s devi ce 80eectr|cally and
mechani cal |y conne¥{idd ENBANGER THERMABPQYHER MANAGERIENT  \whi ch

overlies 15 Amkgabpper Ievel of the PWB, enclosing caV|ty 87 Mot her board
rconnect j ons,

89 is intercWEed to 83 b rrean of sol der | ow int

90. Finally, H%°v¢ “gé) ?F"SQ “?r PR SHE R 2% éﬁ?ﬁng’é‘?‘laoWFyq’ead-
fra[lre bgardep?mmﬂatrcmloot Wirel @aakdf (IaWtB)F’MBpBEka(gbs D&um}imgtzmhzﬂhsme aij least g
nmot her - boar ed rigi
PV i 1 P B et st B E e bGP OREAC Blick CRPMOAEE” 1
nmot her - boar dmtcmdeugmlmrcomx@caom au}bscﬂter\mituustmghesedlmmﬂhpaum ahd et leastpad

ol der Pads. oY R leSale S bRE M AnAd) AT RAERU By oRadsnglh Lhout sol der

bunps are not I nvention use of the 60 ml
OVPAC st anda@@dsmepaqh@wvwmol@am The BW Bwhich may b@msmi%lﬁ%mray of two

stagger eq f Hlﬁlltﬁé’«ﬁe\l is 9%41&9} wiN 8n aﬁéhxﬁfé' fONREPRADIN GorPbNA 1€t S chsp ded PVB)
rovs of 0. 7L, I {28 M bR e SFntStorR et on tobaran He Skl and The
PWB, the aperture may be larger than the substrate of the MCM tile for wire
bonding interconnection or smaller than the substrate for solder reflow or conductive
adhesive interconnection. In the wire bonding case, the MCM tile is positioned
15 within the aperture resting on the surface of the PWB or of a structural member or of
a heat sink which encloses one end of the aperture. The other end of the aperture
may be open or enclosed by a structural member, a heat sink, another PWB or a
mother board. For solder reflow or conductive adhesive interconnection, the
substrate which is larger than the aperture is positioned so that its ends overlap areas
20 of the PWB adjacent the aperture and the chips and/or substrate are positioned within
the aperture. The interconnections are enclosed in a compliable encapsulating

material, such as silica gel.

Fig 1.
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This Sheet Has Been Replaced ‘

25+4~mm by 25.4 mm package. This p om needed for both (1) as
many as 108 1./ .O_..C__O.nn_ec,t_ I ons and (2 m“ mwmﬁfor the tile, w thout.
altering the’ shape or:.si-ze of eith kage'or"the area on the

not her-:board-requi-red for- the .next |evel interconnection. At the sanme tinme
It W|H/ still. permt: re@bust printed sol der 30 BGA blinping and-surface rmuntc«

refl ow sol der . attachnent . to. the m)txheJr -ppard. Additional advant ages and
modi fications will readily occur to those skilled in the art. Therefore,

the invention in its broader aspects is not |inited to the specific detal
representative devices, and illustrated exanpl es shown and. descrlbeg
Accor di ngfgfmsvari ous modi fi cat i ons nmay be made without departing’ fronlthe
spirit or 35 scope of the general i nventive concept as defined by the

appended cl a T e rtures fromthe present

embodi nent s ng Qn@blg 5\5“? ‘%"ﬁe ?M% aﬁgﬁaﬁ)f"ﬁpﬁ‘ Bt om t he spirit and
scope of the present |nvent|on For exanple, the structural nmenber shown in
several of the embadPnBRRiEd sWEHEadoud: (RVE) aprovidesewitBoa | paterresl dectrigals,

47 in FIGs. 4 and 5, or cup-like cover 75 in FIGs. 7 and 8, or structural
menber 30 in FIG dombudtoff; in FIG 6, does not necessarily have to

b. a plurality of multi-chip module tiles assembled to said printed wiring
board, said multi-chip module tiles comprising a substrate with electrical
conductors thereon, at least one silicon chip mounte on the substrate and
electrically interconnected to electrical conductors on the substrate, with
electrical conductors on the substrate interconnected to electrical conductors
on the printed wiring board,
c. encapsulation means comprising an encapsulating material encompassing
the multi-chip module tile, and the electrical conductors interconnecting the
silicon chip to the substrate and the substrate to the printed wiring board,
the invention characterized in that
i. the printed wiring board is provided with a plurality of multi-chip module
apertures, each of said apertures extending through the printed wiring board,
and being provided with a structural member, larger in size than the aperture,
positioned in contact with the printed wiring board so as to enclose one end
of the aperture, and
ii. the multi-chip module tiles are mounted in said apertures on one of said
structural members with at least the substrate of the multi-chip modules being

wholly contained within the apertures.

3 i3 ths replacement sheet

AR g

13 MAY 1938



E

5 be a heat sink, but may sinply be a reinforcing or a support nenber. All
of these structural nenbers, when not acting as heat 1§lil.sr'§ks, may be made of

a non-heat conducting or |ow heat conducting materials as BeenRepladeli C
materials. In sone instances, structural nenbers 30 an itted
entirely. - 13 dainms: 1. A multi-ghip nodule (

conprising: a. a printed wiring board (PWB) provided with a pattern of

el ectrical conductors, b. a plurality of nulti-chip nodule tiles assenbl ed
to said printed wiring board, said nmulti-chip nodule tiles conprising a
substrate with electrical conductors thereon, at |east one silicon chip
nmounted on the substratg and electricalI{ginterconnected to electrical

conductors on the subst Fat'é® Mi§-hpackags pf glam éoiﬁd‘_(@fi’é)ﬂ@ BW B ka mulsilaveht e
i nterconnect ed tRWB| thetapkfare i¢ RRGPFEDifer@be fdMRedin me%g}ét felvEl9 oP &R BWEC the

encapsul at i on MegnG SOMRE!cH B 10ir TNETBF e B BY ol i el SO TR 3RN AR
connected via wirebond interconnections to the circuitry on the PWB, said structural
member is a flat member which overlies edges of an uppermost level of the PWB
enclosing the adjacent end of the aperture, said structural member is a heat sink
positioned adjacent to said at least one chip of the MCM tile.

3. The MCM package of claim 2, in which a thermally conductive
compliant member is positioned between said heat sink and said at least one chip.

4. The MCM package of claim 1, in which the PWB is a single level
PWB, the aperture extends through the PWB, said structural member is a flat
member attached to a bottom surface of the PWB and enclosing one end of the
aperture, the substrate rests on the structural member, a dam is on an upper surface
of the PWB, the dam is spaced a distance from an edge of the aperture sufficiently to
permit a wirebond connection between the circuitry on the silicon substrate of the
MCM iile and the circuitry on the PWB, and said at least one chip is within a cavity
formed by the structural member, walls of the aperture in the PWB and the dam, said
structural member being a heat sink.

5. The MCM package of claim 4, in which said heat sink is located

adjacent to said substrate.

6. The MCM package of claim 4, in which the package is mounted to
another board with an aperture greater than an area defined by the dam and which is
electrically connected to the upper surface of the PWB via solder reflow or
conductive adhesive interconnection.

T
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the multi-chip nodule tiles, and the electrical conductors interconnecting
the silicon chip to the substrate and the substrate to the printed wiring

board, the invention characterized in that i. the printed wiring board is

provided with a plurality of nmulti-chip nodule apertures, each of said

apertures exmsiaiendasBaénReghacehe printed w ring board, and being provided
wth a structH Marger in size than the aperture, positioned in

MHm&mm ring board sqsas to enclose one end of the
aperture, and TT1.

contact with

-chip nodule tiles are nmounted in said apertures
on one of said structural nenbers with at |east the substrate of the
mul ti-chip nodul es being wholly contained within the apertures. - 14- 2.
The MCM package of claim1l, in which the PWB is a nultilevel PWB, the
apertures are stepped apertures formed in the upper levels of the PWB, the
substrate rests on the I ower |evel of the PWB. and the circuitry on the
substrate is connected via w rebond interconnections to the circuitry on

the PWB. said structural
7. The MCM package of claim 1, in which the PWB is a bi-level board
having a stepped aperture through both levels of the PWB.

8. The MCM package of claim 7, in which the package is mounted to
another board which overlays the upper level of the PWB and the aperure, and said
another board is electrically connected via solder reflow or conductive adhesive
interconnection to an upper surface of the PWB.

9. The MCM package of claim 1, in which the PWB is a bi-level PWB,
the aperture is a stepped aperture through both levels of the PWB, the MCM tile is
within the apermre, with ends of the substrate overlapping edges of a lower level of
the PWB adjacent the aperture, the circuitry on the substate is electrically connected
via solder reflow or conductive adhesive interconnection to the circuitry on an upper
surface of the lower level of the PWB, and said at least one chip of the MCM tile are
positioned within the aperture in the lower level of the PWB, said structural member
overlaps edges of an upper level of the PWB enclosing an adjacent end of the
aperture, said structural member being a flat member located adjacent the substrate
and acting as a heat sink. - |

10. The MCM package of claim 1, in which the PWB is a single level
PWB having a through-aperture, the substrate of the MCM is attached to and
overlaps end regions of the bottom surface of the PWB adjacent the aperture, the
substrate is electrically connected via solder reflow or conductive adhesive
interconnection to the PWB, said at least one chip of the MCM tile is located within
the aperture in the PWB, and a cup-like cover attached peripherally to a bottom

surface of the PWB encloses the silicon substrate, said cover being in coatact with
the substrate of the MCM tile and acting as a heat sink for the substrate.

Thie i3 the replacemant sheel.
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menber is a flat menber which overlies edges of an uppernost |evel of the
PWB encl osing the adjacent end of the aperture, said structural rrenber s a
heat sink positioned adjacent to said at |east one chip dhis ce
The MCM package of claim 2. in which a thermally conduct|

menber is positioned between said heat sigpk and said at

The MCM package of claim1l, in which the PWB is a si ngle IeveI the
apertures extend through the PWB, said structural nenber is a flat menber
attached to a bottom surface of the PWB and encl osing one end of the
aperture, the substratelleJhe MGM packsge of claim |l Omarwkich the prekpgesis srouaeed to

upper surface ofanb&erea{éﬁa wHiEn S%Hd%éag%ggg,‘ds%géegglon B 520 efelas: aaé the

aperture sufficiently to permt etween the ¢ cwtry

on the silicon s’ﬂﬁ%‘é’r’-aﬁ"édéﬁet heamiiselerrically goanestesi toche PWB B ma3as phAgldesng

sai d at |east Oﬁeﬂ&hbpcd:rﬁdéh%‘hﬁhéu&%z?ébn%@é:ﬂﬁd by the structural member,
wal |l s of the aperture in the PWB a the dam said structural nenber being

a heat sink. 5. The MCM package of cI aim4, in which said heat sink is
| ocat ed adj acent to sai qizstmglM@Ma a&naa'bpcmmp@o&g i PWiBism lﬁdevdDPWB ch

Lne peckace | upesl o aneLberBest N an sost LUia RATAe ANE A0

surface of the [RaB enesestitomtuctarichip/\fiprchip mounted within the apernire on an upper
surface of the lower level of the PWB, a plurality of thermal vias are provided in said
lower level of the PWB for removal of heat from said at least one semiconductor
chip, and said at least one chip is solder reflow or conductive adhesive
interconnected to the circuitry on the PWB.

13. The MCM package of claim 12, in which the package is mounted to
another board which overlays the aperture and an upper surface of the upper level of
the PWB and is solder reflow or conductive adhesive interconnected to the PWB.

14. The MCM package of claim 1, in which said substrate comprises
silicon.

15. The MCM package of claim 1, in which said at least one silicon chip
is flip-chip mounted on the substrate.

16. The MCM package of claim 1, in which said structural member is of
2 heat conducting material and provides a heat sink for the substrate.

17. The MCM package of claim 2, in which said structural member is
eliminated entirely.
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conducti ve adhesive interconnection. -15- 7. The MCM package of claim1,
in which the PMB is a bi-level board having stepped apertures through both

| evel s of the PWB. 8. The MCM package of claim7, in which the package is
nounted to anot her board which overlays the upper |evel .of the. PM\B and the
apertures, and said another board is electrically connected via solder.
refl ow or conductive adhesive interconnection to/an upper surfaee of theu
PWB. 9. The MCM package of claim1, in which the PWB is a bi-level PWB, . the
apertures are stepped apertures through{path levels of the PWB, the MCM
tiles are within the apertures, wth enég of the substrate’overlapping
edges of a |lower |evel of the PWB adjacent the apertures the er_|h&ry on
the substrate is electrically connected via solder reflowor conductive .
adhesivechﬂhgrconnection to the circuitry on an upper surface of the | ower

| evel of the PWB, and said at |east one chip of the MCMtile are positioned

W thin the apertures in. the |oper | | of the PWB,. said structural nenber
over| aps edgeg' of %&B‘ﬁ@‘ﬂ‘&?f@ﬁe mpmg%ﬁemgﬁlﬁé- an adj acent end of
one of the

a. a printed wiring board (PWB) provided with a pattern of electrical

conductors,

b. a plurality of multi-chip module tiles assembled to said printed wiring

board, said multi-chip module tiles comprising a substrate with electrical
conductors thereon, at least one silicon chip mounted on the substrate and
electrically interconnected to electrical conductors on the substrate, with
electrical conductors on the substrate interconnected to electrical conductors
on the printed wiring board,

¢. encapsulation means comprising an encapsulating material encompassing
the multi-chip module tiles, and the electrical conductors interconnecting the
silicon chip to the substrate and the substrate to the printed wiring board,

the invention characterized in that

i. the printed wiring board is provided with a plurality of multi-chip module
apertures, each of said apertures extending through the printed wiring board,
and being provided with a structural member, larger in size than the aperture,
positioned in contact with the printed wiring board so as to enclose one end
of the aperture, and

ii. the multi-chip module tiles are mounted in said apertures on one of said

structural members with at least the substrate of the multi-chip modules being

wholly contained within the apertures.
This i3 the repiacement sheet
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apertures said structural nmenber being a flat nenber | ocated adjacent the
substrate and-acting as a heat sink. 10. The MCM package of claim1, in
which the PWB is a single | evel PWB having through-apertures the substrate
of the MCMis attached to and overl aps end regi ons of the bottom surface of
the PWB adj acent the apertures, the substrate is electrically connected via

sol der

refl ow or conducti ve adhesive interconnection to the PWB, said at

| east one chip of the MCMtile is located within one of the apertures in
the PWB, and a cup-|li ke cover attached peripherally to a bottom surface of
the PWB encl oses the silicon substrate, said cover being in contact with
the substrate of the MCMtil e and-ad#isag as a heat sink for the substrate.
-16- 11. The MCM package of claim 10, in which the package is nounted to
anot her board which overlays an upper surface of the PWB so as to encl ose
the apertures, said other board is electrically connected to the PWB by
means of sol der reflow or conductive adhesive interconnection. 12. The MCM

package of claim 1,5 ifheico phdi8sfY¥Beiafin 2, Bl whitl Ble BWB ishaltRultilevel

PWB, the apertures are stepped apertures formed in the upper levels of the PWB, the
substrate rests on the lower level of the PWB, and the circuitry on the substrate is
connected via wirebond interconnections to the circuitry on the PWB, said strucmral
member is a flat member which overlies edges of an uppermost level of the PWB
enclosing the adjacent end of the apermure, said structural member is a heat sink
positioned adjacent to said at least one chip of the MCM tile.

3. The MCM package of claim 2, in which a thermally conductive -
compliant member is positioned between said heat sink and said at least one chip.

4. The MCM package of claim 1, in which the PWB is a single level
PWB, the apertures extend through the PWB, said structural member is a flat
member attached to a bottom surface of the PWB and enclosing one end of the
aperture, the substrate rests on the structural member, 2 dam is on an upper surface
of the PWB, the dam is spaced a distance from an edge of the aperwre sufficieady to
permit a wirebond connection berween the circuitry on the silicon substate of the
MCM tle and the circuirry on the PWB, and said at least one chip is within a cavity
formed by the structural member, walls of the aperture in the PWB and the dam, said
stuctural member being a heat sink.

5. The MCM package of claim 4, in which said heat sink is located
adjacent to said substrate.

6. Tae MCM package of claim 4, in which the package is mounted to
another board with an aperture greater than an area defined by the dam and which is
electrically connected to the upper surface of the PWB via solder reflow or
conductive adhesive interconnection.

oy
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apertures are fornmed in the upper level of the PWB, said MCMtile is

repl aced by at

| east one sem conductor chip flip-chip nounted within one of

the apertures on an upper surface of the |ower |evel of the PWB, a
plurality of thernmal vias are provided in said |ower |evel of the PWB for
renoval of heat fromsaid at | east one sem conductor chip, and said at

| east one chip is solder reflow or condutd®rve adhesive interconnected to
the circuitry on the PWB. 13. The MCM package of claim 12, in which the
package is nmounted to another board which overlays the aperture and an

upper surface of 7.t hehd!MEM p &k&% e of clhfd® 1PHBwAR the WBQWI%@‘%%

conducti ve adhesi ve interconne

ed to the PWB. 14, package of claim

1, in whi chhayingistepped: aperturescthyouigh émth;ldvcbmfthQE’WBhe MCM package of claim
1, in which said at |east one silicon chip is flip-chip nmounted on the
substrate. 16. The MCM package of claim 1, in which said structural nenber

is of a heat conglucThée'MICML gickade anelai gV irﬂ%wh tﬂ@%cl@a@@‘is bfunfedto

substrate. 17. The MCM package of claim2, in which sard structural nenber

i's elim natanotheshoard yhich overlays the upper level of the PWB and the apertures, and said

another board is electrically connected via solder reflow or conductive adhesive

interconnection to an upper surface of the PWB.

9. The MCM package of claim 1, in which the PWB is a bi-level PWB, the
apertures are stepped apertures through both levels of the PWB, the MCM tiles are
within the apertures, with ends of the substrate overlapping edges of a lower level of
the PWB adjacent the apertures, the circuitry on the substrate is electrically connected
via solder reflow or conductive adhesive interconnection to the circuitry on an upper
surface of the lower level of the PWB, and said at least one chip of the MCM tile are
positioned within the apertures in the lower level of the PWB, said structural member
overlaps edges of an upper level of the PWB enclosing an adjacent end of one of the
apertures, said structural member being a flat member located adjacent the substrate

and acting as a heat sink.

10. The MCM package of claim 1, in which the PWB is a single level PWB
having through-apertures, the substrate of the MCM is attached to and overlaps end

regions of the bottom surface of the PWB adjacent the apertures, the substrate is
electrically connected via solder reflow or conductive adhesive interconnection to the

PWB, said at least one chip of the MCM tile is located within one of the apertures in

the PWB, and a cup-like cover attached peripherally to a bottom surface of the PWB
encloses the silicon substrate, said cover being in contact with the substrate of the

MCM tile and acting as a heat sink for the substrate,

This is the replacement sheet
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11. The MCM package of claim 10, in which the package is mounted to
another board which overlays an upper surface of the PWB so as to enclose the
apertures, said other board is electrically connected to the PWB by means of solder

reflow or conductive adhesive interconnection.

12. The MCM package of claim 1, in which the PWB is a bi-level PWB, the
apertures are formed in the upper level of the PWB, said MCM tile is replaced by at

least one semiconductor chip flip-chip mounted within one of the apertures on an

upper surface of the lower level of the PWB, a plurality of thermal vias are provided
in said lower level of the PWB for removal of heat from said at least one
semiconductor chip, and said at least one chip is solder reflow or conductive adhesive

interconnected to the circuitry on the PWB.

13. The MCM package of claim 12, in which the package is mounted to
another board which overlays the aperture and an upper surface of the upper level of

the PWB and is solder reflow or conductive adhesive interconnected to the PWB.
14. The MCM package of claim 1, in which said substrate comprises silicon.

15. The MCM package of claim 1, in which said at least one silicon chip is

flip-chip mounted on the substrate.

16. The MCM package of claim 1, in which said structural member is of a

heat conducting material and provides a heat sink for the substrate.

17. The MCM package of claim 2, in which said structural member is

eliminated entirely.

am ghect

o ta thg r0iangin
OO 00 ) O e e
*« C L M 0S % )

ey WIHR
~ 3 ROV
Pimiem. .



