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: mtegrated circuit (IC) unit and grounding and wuebond ﬁngers The IC unit may
include a semiconductor chip (a die), or multiple semiconductor chips, or a Multi-
Chip Module (MCM) tile including one or more chips and/or some other elements of
the device on a commonly shared silicon substrate. The wirebond fingers extend
25 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 bump termination. Except for the solder bumps, all metal
30 features on the PWB are typically 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. Aftef post-mold curing, the packages are solder bumped and electrically
35 tested. Subsequently these are referred to as "ball grid array” (BGA) packages.
Solder bumps are used for further interconnection of the BGA package, for example,
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" 35 tested. Subsequently these are referred to as "ball grid array" (BGA)
packages. Sol der bunps are used for further interconnection of the BGA
package, for exanple, -2- to a "nother board". The nother board
typically has a much larger area than the QWAC BGA package, upon whi ch may
be arranged a.nunber of other interconnected |unped electrical elenents,
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silicon-on-silicon MultiChip Module (MCM) tile, 121, including a plurality of chips
or dies, 122 and 123, flip-chip mounted by means of solder or conductive adhesive
reflow technology to interconnection circuitry (not shown) on a silicon
interconnection substrate, 124. Silicon substrate 124 is mounted on a PWB, 125,

25 which is provided with wirebond fingers, 126, a solder mask, 127, plated thruholes,
128, and contact pads, 129. The silicon substrate is interconnected by means of
wires, 130, to wirebond fingers 126. A protective shell, 131, filled with highly
compliant encapsuling material, such as silicone gel, 132, protects the MCM tile and
the wirebonds. Contact pads 129 are provided with solder bumps, 133, for

30 interconnection to a mother board (not shown). '

In contrast to device 110, device 120 shown in FIG. 12 avoids the
molding step, thus avoiding exposure of the assembly to rigors of the molding
process. However, device 120 continues the use of wirebond interconnections
between the IC unit and the wirebond fingers. Wire bonding is a time-consuming

35 procedure, which becomes more time-consuming as the number of I/O counts per die
or MCM tile keeps on increasing. Also, in order to provide viable interconnections,




" 30 interconnection to a nother board (not shown). In contrast to device
110, device 120 shown in FIG 12 avoids the nolding step, thus avoiding
exposure of the assenbly to rigors of the -nplding process. However, device
120 continues the use of wirebond intercormettions between the 1C unit and
the wirebond fingers. Wre bonding is a tinme-consum ng 35 procedure, which
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i nt er connect ed gy tﬂEbﬁisidezdiﬁlbﬁﬁ&ﬁf thé‘@thN\BTﬁB’ stﬁ:@{rﬁk@ lis s1ﬁd?i&dld>ﬁtthé/ PWB so
adhesi ve technol Brief Descri

representation ﬂilq?ﬁ% eads;ovesiap;agas %B&‘S PP%@W 3gd H’g\ﬁhﬁﬁaﬂf C'P/&%?t '
tile nount et oaperuk?éBPetip mmmwanﬁhmﬂ on'the sulsstarcre imercﬁlﬁhected to FI G
cont act on-a. s ERARERh L PRIEby Pulel o hi iR b AR U PG
3 is a schemat iBriefdbaseﬂptmntofdle Dmawingss- section of t he sem conduct or
device shown in FIG 1 g VXphé}ﬁh& €At dntaidh ih ?%@é@ctio‘h drid defficdidulion
conpl i ant encapsul ati ng rraterl al _“enco 5| n
device having an MCM tile mounted on a PWB without w1rebond mterconnecuon
20 FIG. 2 is a schematic representation of a conductive solder connection
between a contact on a silicon MCM tile substrate and a contact pad on the PWB;
FIG. 3 is a schematic representation in cross-section of the
semiconductor device shown in FIG. 1 but in which a cavity in the PWB is filled
with a compliant encapsulating material encompassing the chips of the MCM tile;
25 FIG. 4 is a schematic representation in cross-section of the
semiconductor device shown in FIG. 1 in which a cavity in the PWB is filled with a
compliant encapsulating material encompassing the chips of the MCM, and a glob
top encloses outer surfaces of the MCM tile substrate (glob top is an encapsulating,
electrically insulating member which is applied in a liquid form and cured in place);
30 FIG. 5 is a schematic representation in cross-section of the
semiconductor device shown in FIG. 1 in which the cavity within the PWB is filled
with a compliant encapsulating material encompassing the chips, and a metal foil-
coated polymer is positioned about the substrate of the MCM tile;
FIG. 6 is a schematic representation in cross-section of the
35 semiconductor device shown in FIG. 1 in which a cup-like cover is placed over the
substrate of the MCM tile and the cavity within the cover and the PWB is enclosed
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25 FIG 4 is a schematic representation in cross-section of the
seni conduct or device shown in FIG 1 in which a cavity in the PWB is filled
with a conpliant encapsul ating materi al enconpassing the chips of the MCM
and a gl ob top encl oses outer surfaces of “fie MOM tile substrate (gl ob top
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FIG. 10 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 MCM tile is mounted within a cavity formed by the stepped walls of the
aperture, the MCM tile is electrically connected to the PWB by solder reflow or
conductive adhesive interconnections, and the cavity is filled with the compliant
25 encapsulating material encompassing the MCM tile;
FIG. 11 is a schematic representation in cross-section of a prior-art
OMPAC device provided with wire-bond interconnections between a semiconductor
die and a PWB; and
FIG. 12 is a schematic representation in cross-section of a prior art
30 device with a MCM tile wire-bond interconnected to a PWB.
Detailed. Description
In FIG. 1 is shown a schematic representation in cross-section of a
device, 10, embodying this invention. Here an MCM tile, 11, is mechanically and
electrically interconnected to a PWB, 12. The latter includes printed circuitry, 13.
35 The circuitry is typically copper coated by a polymer mask, 14, except for those
areas which are to be used for solder or conductive adhesive interconnection. The




20 FIG 10 is a schematic representation in cross-section of a
sem conduct or device in which a bi-level PWB is provided with a stepped
t hrough aperture, an MCMtile is mounted within a cavity fornmed by the
stepped wal | s of the aperture, the MCMtil€is electrically connected to
the PWB by sol der reflow or conductive adhesive interconnections, and the

cavity is fill edididdd frofent SprRhdiAL bf the soRIRE BPEOHdBEH VRthdliBsiee b@lonemﬁml ng
the MCM tile; FIG 11 s a schematic representation in cross-section of a |
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PWB 12, chips 16 and 17 on silicon substrate 15 fit into the aperture without

20 coxitacting the walls of the aperture. Since only the ends of the silicon MCM tile
substrate are in contact with circuitry 13 via reflowed solder interconnections, 21,
and the chips are within the aperture, the thickness of the assembly is reduced, at
least by the thickness of the chips and interconnections between the chips and the
silicon substrate. This compares advantageously to the MCM tile-on-PWB assembly

25 thickness that results when the MCM tile is oriented with the chips up and wire
bonded to the PWB circuitry 13 as in the prior art e.g. as shown in FIGs. 11 and 12.

In FIG. 2 is shown a schematic diagram for a solder reflow

interconnection attachment between silicon substrate 15 of the MCM tile and PWB
12. Silicon substrate 15 is provided with peripheral metallizations 19 in the form of

30 metallic contact fingers. Except for an area provided with a solder wettable
metallization, 23, which is to be contacted by reflowed solder interconnection 21,
each of the contact fingers is coated with polymer 22. The PWB includes metallic
printed circuitry 13. The latter is also coated with polymer 14 except for a contact
area to be contacted with reflowed solder interconnection, 21. Polymer 14 functions

35 as a solder mask to prevent the solder from wetting any of the rest of the circuitry
beyond the contact area.




15 renoves the necessity for wire bond connecting the circuitry on the
silicon substrate to the circuitry on the PAB. The PWB is provided with an
aperture, 20. The size of aperture 20 is sgch that, when MCMtile 11 is
electrically and mechanically interconnected to PWB 12, chips 16 and 17 on
silicon substrate 15 fit into the aperture without 20 contacting the walls
of the aperture. Sincelmoidgr tomcemdmdate thérasesif printed oltieras ar intergennegtion ar e
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This process é/hno?ogy 18 usé'f‘uf in manufactunng devices without wire-bond interconnections.

In FIGs. 3 through 9 are shown a few exemplary variants for protecting
from the environment the MCM tile and tile-to-PWB interconnections of the
assembly shown in FIG. 1. In these figures, the same numerals are being used to

25 denote the same components as are represented in FIGs. 1 and 2. To avoid
repetitions not all numerals shown in FIG. 1 are shown in these figures.

In FIG. 3 the cavity formed by silicon substrate 15 and the walls of
aperture 20 in the PWB is filled with an encapsulating material, 22, such as silicone
gel, which protects the chips, interconnections between the chips and the substrate,

30 interconnections between the substrate and the PWB, and surfaces of the substrate
exposed within the cavity.

In FIG. 4 the cavity formed by silicon substrate 15 and the walls of
aperture 20 in the PWB is filled, similarly to FIG. 3, with an encapsulating material
such as a silicone gel, 22 which protects the chips, interconnections and adjacent

35 surfaces of the substrate. However, other surfaces of the substrate are protected by a
compliant "glob top"”, 23.
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different compliant encapsulating material, 26, such as an epoxy resin. Thls

encapsulating material not only fills the cavity, but is also applied on top of the PWB

adjacent the substrate and around the substrate. This encapsulating material is acting

as a single material substitute for the silicon gel and for a glob top. The extent of

25 coverage by the encapsulating material can be varied as needed.

The enclosure variants shown in FIGs. 3, 4, 5, 6 and 7 are well suited to
rigid printed circuit boards. However, in some cases, the PWB may be rigid but is so
thin that the chips or dies when placed within the aperture in the PWB shall project
below the plane of the PWB so that the silicone gel shall not provide sufficient

30 protection to the chips. To overcome this, a cup-like metal or plastic cover, 27, is
placed on the chip side of the assembly as is shown in FIG. 8. Ends, 28, of the cover
are positioned in contact with a thin PWB, 29, and juxtaposed to an area of
interconnection between the MCM tile and the PWB providing additional rigidity to
the interconnection area. The space bounded by cover 27 and silicon substrate 15 is

35 filled with silicone gel 22. Optionally, glob top 23 may be placed over the silicon
substrate to further protect the silicon substrate from the environment. Alternatively,




5 also mnimzes the overall package height relative to a package with a
glob top. Simlarly to FIG 3, the space forned by silicon substrate 15 and
the walls of aperture 20 in the PWBis filled with silicon gel 22. In FIG
6 cup-1like cover, 25, is placed over the uﬂper surface of silicon substrate
15 and adhesively secured to the PWB. Copper as a netal for the cover is 10
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Al ternati vel y, substrate face downward and fit into the aperture in the lower level without
contacting the walls of the aperture. MCM tile 11 is positioned such that free
surface of silicon substrate 15 of the MCM tile faces upwardly while chips 16 and 17
25 face downwardly through the aperture in the lower level and, yet, the chips are
recessed within the aperture relative to the bottom surface of the lower level of the
PWB. Bond fingers 19 on the silicon substrate are electrically connected to contacts,
13, on the PWB, by means of solder interconnections, 21. MCM tile is encapsulated
with silicon gel 22 protectively enclosing interconnections between the chips and the
30 silicon substrate and between the bond fingers on the silicon substrate and the
contacts on the PWB. Since only the ends of the silicon MCM tile substrate are in
contact with the circuitry on the PWB via solder interconnections and the chips are
within the aperture, the thickness of the assembly is reduced to the thickness of the
PWB. This compares favorably to the MCM tile-on-PWB assembly thickness that
35 results with the MCM tile mounted on top of the PWB, oriented with the chips up,
and wire bonded to the PWB circuitry as in the prior art exemplified by FIGs. 11 and
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leaﬁ%ﬁkéﬁé%ﬁip%ﬁ%@t@e&%e substrate and the PWB.

3. The MCM package of claim 2, in which an outwardly facing surface
of the substrate is protected by a "glob top".

4. The MCM package of claim 2, in which an outwardly facing surface
of the silicon substrate is protected by a metallized polymer film positioned about the
silicon substrate and to areas of the PWB adjacent the substrate.

5. The MCM package of claim 2 in which an outwardly facing surface of
the substrate is protected by a cup-like cover positioned about the silicon substrate
and secured to the PWB, the encapsulating material filling any space between the
substrate and the cover.

6. The MCM package of claim 1, in which a cavity formed by the
substrate and walls of the aperture is filled with a highly conformable encapsulating
material protectively enveloping interconnections between the substrate and said at
least one silicon chip and between the substrate and the PWB, said encapsulating
material also at least partially encapsulates outer surfaces of the substrate acting as a
"glob top".
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tile, and erfd PW\gail aperture is a stepped-through aperture, the aperture through the upper

level of the PWB being larger than the substrate and the aperture through the lower

level of the PWB being smaller than the substrate of the MCM tile so that ends of

the substrate over_lap'the edges of the lower level of the PWB while said at least one

chip is positioned within the aperture in the lower level.

20 12. The MCM package of claim 1, in Which said substrate comprises
silicon.

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

14. The MCM package of claim 1, in which said at least one silicon chip
25 is flip-chip- mounted on the substrate by solder reflow technology.

15. The MCM package of claim 1, in which peripheral metallizations on
the substrate are intérconnected to the PWB by interconnect technology selected
from the group consisting of solder reflow technology and conductive adhesive

.
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inter connectu ”ﬂl”"ﬂ ircuit arrangenent of claim?7, in whi gBpahrg;,
out wardly fakc¥ I gumﬂh‘e substrate is_enclosed by a "gtob=top" koW |
The MCM circuit ‘arranentnt= of claim7, in-Which an outwardly facing
surface of the substrate is enclosed by a netallized polyner film which
overl aps areas gFhnglegyvs adj acent to the substrate. 10. The MCMcircuit
arrangenent of claiml, in which the PAB'has a flexible form a cup-1like
cover is positioned about the chip side of the MCMtile, portions of the
PWB near the aperture are depressed into a cavity forned by the cover, and
end flanges of the cover support areas of the PWB adjacent to said
depressed portions. 11. The MCMcircuit arrangenment of claim1, in which
said PWB is a nultilayer PWB, said aperture is a stepped-through aperture,
t he aperture through the upper |evel of the PWB being |larger than the
substrate and the aperture through the lower |evel of the PWB being smaller
than the substrate of the MCMtile so that ends of the substrate overlap
the edges of the lower level of the P\B while said at | east one chip is
positioned within the aperture in the lower level. 12. The MCMcircuit
arrangenent of claim1, in which said substrate conprises silicon. 13. The
MCM circuit arrangenment of claiml, in which said at | east one silicon chip
is flip-chip mounted on the substrate. 14. The MCMcircuit arrangenent of
claim1l1, in which said at |east one silicon chip is flip-chip nounted on
the substrate by sol der reflow technology. 15. The MCMcircuit arrangenent
of claim1, in which peripheral netallizations REPLACEMENT SHEET - 12 -
on the substrate are interconnected to the PWB by interconnect technol ogy
selected fromthe group consisting of solder reflow technol ogy and
conductive adhesive technol ogy.
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