
;UVe3eQN<X6:T37  MULTIPLE CHIP SEMICONDUCTOR PACKAGES The present invention
relates to semiconductor packages and, in particular, to semiconductor
packages containing more than one integrated circuit (IC) device and of the
Dual In-line Package (DIP) family, the Small Outline Package (SOP) family
or the Quad Flat Pack (QFP) package family. The rapid growth of portable
electronics and wireless communications apparatus has necessitated rapid
development in the field of packaging IC devices. In particular, the rapid
growth in the requirements of portable computer performance and the
increase in features in portable electronics and wireless equipment is
driving the requirement for the electronics packaging industry to produce
devices with, for example, higher memory density. One solution is the
emergence of multiple chip packaging (MCP). This is advantageous since the
design life cycle of an IC chip may be from several months to one or two
years. However, the life cycle of PCs, and electronics consumer products in
general, are typically far shorter. Therefore incorporating two or more IC
chips in a single package enables the density requirement of the product
life cycle to develop without being hindered by the lag of the actual IC
chip design cycle. Figures 1 and 2 of the accompanying drawings depict a
conventional design for multiple chip packages. In Figure l, the
semiconductor package 1 contains two IC devices 2, 3 bonded by adhesive
layers 5, 6 to a die paddle 4. Each of the IC devices 2, 3 has electrical
connection areas 2a, 3 a through which electrical signals are transmitted
between the IC devices 2, 3 and the apparatus in which the semiconductor
package 1 is used. The electrical connection areas 2a, 3a are arranged
around the periphery of the active surfaces of the IC devices 2, 3. In
order to facilitate the electrical connections to these electrical
connection areas 2a, 3a, the IC devices 2, 3 are attached back to back on
the die paddle 4. That is to say, the passive face of each of the IC
devices 2, 3 is bonded to the die paddle. The electrical connection areas
2a, 3 a are wire bonded to the semiconductor package's external terminals
(known as leads). This arrangement is, however, disadvantageous, especially
when packaging two similar IC devices. The electrical connection area
layout of the first of the IC devices 2 is a mirror image of the layout of
the electrical connection areas on the second IC device 3. This to IS 20 2~
30   significantly increases the complexity of the external electrical
connections for connecting the semiconductor package 1 to the apparatus in
which it is installed. This problem is conventionally overcome by either
adding a re-distribution layer to one of the IC devices-2, 3 so that the
wire bond connections to the leads can be 5 similar for both chips or by
having two IC device designs, each with the layout of the electrical
connection areas being the mirror image of the other. Both solutions
increase the cost of producing the semiconductor package and increase the
number and complexity of the processing steps required and therefore
increase the likelihood of production errors. 1o Figure 2 shows a further
conventional design for a multiple chip semiconductor package 21. Two IC
devices 22, 23 are attached to a die paddle 24. One IC device 23 is
attached as before, namely by means of an adhesive 26 bonding its passive
side to the die paddle 24. The other IC device 22 is attached to the die
paddle 24 by means of a flexible tape using a Tape Automatic Bonding (TAB)
15 method which connects the electrical connection areas 22a of the IC
device to the external terminals 27 of the semiconductor package 21. The
electrical connection areas 23 a of the first IC device 23 are wire bonded
to the external leads 27. However, in order to prevent shorting between the
electrical connection areas 22a on the second IC device 22, flip-chip bumps
25 must be applied to the electrical 2o connection areas 22a of the IC
device 22. This both increases the number of operations required to produce
the semiconductor package, and hence its cost, but also increases the
complexity since the IC devices must be separated into upper chips, to be
wire bonded as usual, and lower chips with bumped electrical connection
areas. Once IC devices have been designated as lower chips 32 and bumped,
they 25 cannot be used as upper chips. Furthermore, since this device uses
two attachment techniques, namely wire bonding and tape automatic bonding,
equipment for both these techniques will be required, increasing the cost
of production still further. It is therefore an object of the present
invention to provide a semiconductor package and a method for its
manufacture that contains multiple IC devices but 30 which can be
manufactured cheaply and reliably. According to the present invention there
is provided a semiconductor package comprising:  



a first IC device with a plurality of electrical connection areas on the
periphery of an active face; a spacer, attached to the active face of the
first IC device, inward of the electrical connection areas; a second IC
device, a passive face of which is attached to the spacer, and having a
plurality of electrical connection areas on an active face opposite to the
passive face; electrical connections between the electrical connection
areas on the first and second IC devices and a plurality of external
electrical terminals that protrude from the package. This package is
advantageous since fewer processing steps are required to produce it than
conventional MCP packages. In addition, conventional techniques for
connecting the electrical connection areas to the external terminals can be
used but the IC devices are oriented the same way and therefore the layout
of the electrical 15 connection areas is the same for both IC devices
rather than being mirror images. In a preferred embodiment of the present
invention, the electrical connection areas on the second IC device are
arranged on the periphery of its active face and the semiconductor package
further comprises a third IC device, the passive side of which is attached
to the active side of the second IC device, inward of the electrical 2o
connection areas on the second IC device and electrical connections are
provided between the electrical connection areas on the third IC device and
external electrical terminals that protrude from the package. This is
advantageous since the inclusion of a third IC device increases the
function density of the package without significantly increasing the
complexity of producing the semiconductor package. Specifically, all 25
three of the IC devices are oriented the same way. This simplifies the
connections between the semiconductor package and the apparatus in which it
is installed. In an alternative embodiment of the invention, electrical
connection areas on at least one of the IC devices are wire bonded to the
external electrical terminal. This technique is well-known and understood
and therefore the costs associated with it are 30 relatively low. In a yet
further preferred embodiment of the present invention, the electrical 



connection areas on one of the IC devices are connected to the external
electrical   terminals using tape automatic bonding. This is advantageous
since the use of tape automatic bonding enables a tighter pitch electrical
connection between bond pads and the external electrical terminals.
Furthermore the use of tape automatic bonding is advantageous since it
eliminates the risk of shorts between connections created by the limited
space. This method of connection also reduces the time taken to assemble
the semiconductor package. According to a second aspect of the present
invention there is provided a method of assembling a semiconductor package
comprising: attaching a spacer to the active face of a first IC device,
inward of a plurality 10 of electrical connection areas on the periphery of
the active face of said IC device; forming electrical connections between
said electrical connection areas on the first IC device and external
electrical terminals; attaching the passive face of a second IC device to
the spacer; and forming electrical connections between electrical contact
areas on the active 15 face of the second IC device and external electrical
terminals. The invention will now be described by way of non-limiting
examples with reference to the accompanying drawings, in which: Figure 1 is
a sectional view of a conventional multiple chip semiconductor package; 2o
Figure 2 is a sectional view of an alternative design for a conventional
multiple chip semiconductor package; Figure 3 is a sectional view of a
multiple chip semiconductor package according to the present invention;
Figure 4 is a sectional view of an alternative multiple chip semiconductor
25 package according to the present invention; and Figure 5 is a sectional
view of a further alternative multiple chip semiconductor package according
to the present invention. In the Figures, like parts have like reference
numerals. Figure 3 shows a semiconductor package 41 of the present
invention. Two 3o IC devices 42, 43 are joined by means of a die paddle 44
which functions as a spacer. The die paddle 44 is attached to the active
face of the first IC device 42 by means of 



adhesive 45. The electrical contact areas 42a on the first IC device 42 are
arranged   around the periphery of the active face of the IC device. The
die paddle 44 is attached in the middle of active face, inward of the
electrical contact areas 42a, and therefore does not interfere with the
electrical connection made to the electrical connection areas 42a.- The
passive side of the second IC device 43 is attached, by 5 means of adhesive
46, to the other side of the die paddle 44 to the first IC device.
Therefore both IC devices 42, 43 are oriented in the same manner (active
side up in the arrangement shown in Figure 3). Therefore the layout of the
electrical connection areas 42a, 43a is the same for like IC devices. It
should be noted, that although the present invention is specially
advantageous for semiconductor packages 1 o containing two or more IC
devices that are the same, the present invention is not limited to this and
may be used with semiconductor packages containing IC devices of different
types and different sizes. The electrical connection areas 42a, 43a are
connected to the external electrical terminals 47 by means of wire bonded
connections 48, 49. Typically, 15 different electrical connection areas
42a, 43 a will be connected to different electrical terminals 47. The IC
devices 42, 43, the die paddle 44 and the connections between the
electrical connection areas 42a, 43a and the external electrical terminals
are enclosed within a housing 50. This housing may be an encapsulant,
formed by, for example, a liquid process or by a transfer moulding method.
The housing may also 2o be comprised of a base with a sealed lid to cover
the IC devices and connections. The function of the housing is to protect
the IC devices and the connections from physical damage and damage caused
by the environment. In order to assemble the semiconductor package 41, the
die paddle 44 is attached to the first IC device 42. Next the electrical
connection areas 42a on the 25 first IC device 42 are wire bonded to the
external electrical terminals 47. The second IC device 43 is subsequently
attached to the die paddle 44, the depth of the die paddle 44 ensuring that
there is sufficient clearance between the first and second IC devices 42,
43 to ensure that the second IC device 43 does not interfere with the wire
bond connection 49 between the first IC device and the external electrical
terminals. 3o The electrical connection areas 43a on the second IC device
43 are then wire bonded to further external electrical terminals 47.
Finally, the IC devices 42, 43, the die paddle 44 and the connections 48,
49 between the IC devices and the external   electrical terminals 47 are
enclosed in the housing 50. It will be appreciated that the first two steps
may easily be reversed, namely the electrical connection areas 42a on the
first IC device 42 may be wire bonded to the external electrical terminals
47 prior to the die paddle 44 being attached to the first-substrate 42.
Likewise the ordering of 5 the first and second IC devices (namely the IC
device with the die paddle attached to its active face and the IC device
with the die paddle attached to its passive face, respectively) can be
reversed. As shown in Figure 3, the external electrical terminals 47 are
down-set. That is to say the section 47a of the external electrical
terminal that is contained within the housing 50 is bent down to be at a
similar level to the lower of the IC devices. The present invention is not,
however, limited to this and the external electrical terminals may be
up-set to be at a level similar to the upper IC device. As depicted in
Figure 3 the electrical connection areas 42a, 43a on the IC devices 42, 43
are arranged around the periphery of the active faces of the IC devices ~ 5
42, 43. However, this need not be the case. The present invention may use
IC devices in which the electrical connection areas are not located on the
periphery of the active face. For example, the electrical connection areas
may be located in one or two rows arranged about the central axis of the
active face of the IC device. When such IC devices with electrical contact
areas arranged other than around the 2o periphery are used with the present
invention, it may be necessary to add a wafer redistribution layer to the
IC device. The redistribution layer, which may, for example, be a wafer
redistribution layer, provides electrical connections between the
electrical contact regions in, for example, the centre of the active face
of the IC device and electrical contact regions on the periphery of the
redistribution layer. In 25 effect, the redistribution layer moves the
electrical contact areas to the periphery of the IC device thus
facilitating the function of the present invention. Whilst the use of the
redistribution layer is especially useful for an IC device which has the
die paddle attached to its active face, it may also be useful for an IC
device that has the die paddle attached to its passive face since it will
reduce the distance that the wire 3o bonds have to reach. The adhesive used
to attach the IC devices to the die paddle may be in the form of an
adhesive paste, coating or film. Furthermore, although the IC devices 42,
43 shown in Figure 3 are of the same size, the present invention is not
limited to this and the IC devices may perform different functions and be
of differing sizes. Figure 4 shows a variation of the embodiment of the
present invention shown in Figure 3. In this case the electrical contact
areas 62a on the first IC device 62 are 5 connected to the external
electrical terminals 67 by means of tape automatic bonding. 



In this case the semiconductor package is assembled by first attaching the
flex-tape 69 to the first IC device 62 and then attaching the die paddle 64
with an adhesive 65 to the flex-tape. The remainder of the process is the
same and its description will not be repeated. l0 Figure 5 shows a further
variation of the embodiment of the present invention shown in Figure 3. A
third IC device is included in the semiconductor package. The passive face
of the third IC device 91 is connected to the active face of the second IC
device. Therefore all three IC devices are oriented in the same manner,
namely active face upwards in the arrangement shown in Figure 5. In the
embodiment 15 shown in Figure 5 the third IC device 91 is smaller than the
second IC device 83 and is attached with adhesive 92 directly to the active
face of the second IC device 83, inwards of the electrical contact areas
83a of the second IC device 83. The present invention is not limited to
this however and the third IC device may be attached by means of a second
die paddle, in which case the third IC device may be the same size 20 as,
or bigger than, the first and second IC devices, 82, 83. The electrical
contact regions 91 a on the third IC device 91 are connected either by wire
bonding (as shown in Figure 5) or by tape automatic bonding to the external
electrical terminals 87. Similarly, further IC devices may be successively
attached on top of the third IC device 91 by any of the above-described
methods, as required. 25   8 CLAIMS 1. A semiconductor package comprising:
a first IC device with a plurality of electrical connection areas on the 5
periphery of an active face; a spacer, attached to the active face of the
first IC device, inward of the electrical connection areas: a second IC
device, a passive face of which is attached to the spacer, and having a
plurality of electrical connection areas on an active face opposite to the
1o passive face; electrical connections between the electrical connection
areas on the first and second IC devices and a plurality of external
electrical terminals that protrude from the package. 15 2. A semiconductor
package according to claim l, wherein the electrical connection areas on
the second IC device are arranged on the periphery of the active face; and
further comprising: a third IC device, a passive side of which is attached
to the active side of the second IC device, inward of the electrical
connection areas on the second IC device; 20 and electrical connections
between the electrical connection areas on the third IC device and external
electrical terminals that protrude from the package. 3. A semiconductor
package according to claim 1 or 2, wherein the electrical 25 connection
areas on at least one of the IC devices are wire bonded to the external
electrical terminals. A semiconductor package according to claims 1, 2 or
3, wherein the electrical connection areas on all of the IC devices are
wire bonded to the external electrical 30 terminals. 



9 5. A semiconductor package according to claims 1, 2 or 3, wherein the
electrical connection areas on one of the IC devices are connected to the
external electrical terminals using tape automatic bonding. 5 6. A method
of assembling a semiconductor package comprising: attaching a spacer to an
active face of a first IC device, inward of a plurality of electrical
connection areas on the periphery of the active face of said IC device;
forming electrical connections between said electrical connection areas on
the first IC device and external electrical terminals; l0 attaching a
passive face of a second IC device to the spacer; and forming electrical
connections between electrical contact areas on an active face of the
second IC device and external electrical terminals. 7. A method of
assembling a semiconductor package according to claim 6, 15 wherein said
electrical contact areas on the active face of the second IC device are
arranged on the periphery of the active face; the method further comprising
the steps of: attaching the passive face of a third IC device to the active
face of the second IC device, inward of the electrical contact areas on the
second IC device; and 2o forming electrical connections between electrical
contact areas on the active face of the third IC device and external
electrical terminals. 8. A method of assembling a semiconductor package
according to claims 6 or 7, wherein the electrical connections between the
external electrical terminals and the 25 electrical contact areas of one of
the IC devices are formed by a wire bonding method. 9. A method of
assembling a semiconductor package according to claims 6, 7 or 8, wherein
the electrical connections between the external electrical terminals and
the 30 electrical contact areas of all of the IC devices are formed by a
wire bonding method.  



10 10. A method of assembling a semiconductor package according to claims
6, 7 or 8, wherein the electrical connection between the external
electrical terminals and the electrical contact areas of one of the IC
devices are formed by a tape automatic bonding method. l .AAF.AN.A;
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