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STACKED DIE PACKAGES 

CROSS REFERENCES TO RELATED APPLICATIONS 

[0001]      This Application claims benefit of co-pending U.S. Provisional Application No. 

60/840,952 filed August 30, 2006, which is incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002]      The present invention relates to stacked die packages and methods of producing the 

same. 

DESCRIPTION OF THE RELATED ART 

[0003]      A stacked die package typically comprises a plurality of dies packaged in a vertical 

stack.  The stacked die package, when compared to single die packages, has increased 

functionality as multiple dies with different functions are contained within the same package.  A 

conventional method of assembling the stacked die package involves seating the smaller dies on 

top of the larger dies to create a pyramid structure such that each die does not seat on the 

periphery die immediately below it where wire bonding is effected.  However, such a stacked die 

package structure requires the dies to have different surface areas to enable stacking and may 

also result in problems such as long wire connectivity constraints, poor electrical performance 

due to increased resistivity, and/or wire sweep during encapsulation. 

[0004]      There is therefore a need to provide a stacked die package and methods of making the 

same that can at least ameliorate one or more of the problems as described above. 

SUMMARY OF THE INVENTION 

[0005]      One embodiment of the invention is a semiconductor package that includes a 

substrate having a top surface and a bottom surface, the top surface including a plurality of 

adhesive portions arranged in a manner to create at least one gap between the adhesive portions.  

The package also includes  a first semiconductor chip having an active surface and a non-

active surface, the non-active surface of the first semiconductor chip being in contact with the 

adhesive portions, and the active surface of the first semiconductor chip being electrically 

STACKED DIE PACKAGES CROSS REFERENCES TO RELATED
APPLICATIONS [0001] This Application claims benefit of co-pending U.S.
Provisional Application No.  60/840,952 filed August 30, 2006, which is
incorporated herein by reference. FIELD OF THE INVENTION [0002] The
present invention relates to stacked die packages and methods of
producing the  same. DESCRIPTION OF THE RELATED ART [0003] A
stacked die package typically comprises a plurality of dies packaged in a
vertical  stack. The stacked die package, when compared to single die
packages, has increased  functionality as multiple dies with different
functions are contained within the same package. A  conventional method
of assembling the stacked die package involves seating the smaller dies
on  top of the larger dies to create a pyramid structure such that each die
does not seat on the  periphery die immediately below it where wire
bonding is effected. However, such a stacked die  package structure
requires the dies to have different surface areas to enable stacking and
may  also result in problems such as long wire connectivity constraints,
poor electrical performance  due to increased resistivity, and/or wire
sweep during encapsulation. [0004] There is therefore a need to provide a
stacked die package and methods of making the  same that can at least
ameliorate one or more of the problems as described above. SUMMARY
OF THE INVENTION [0005] One embodiment of the invention is a
semiconductor package that includes a  substrate having a top surface
and a bottom surface, the top surface including a plurality of  adhesive
portions arranged in a manner to create at least one gap between the
adhesive portions.  The package also includes a first semiconductor chip
having an active surface and a non- active surface, the non-active surface
of the first semiconductor chip being in contact with the  
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connected to the substrate.  In the package, a second semiconductor chip has an active surface 

and a non-active surface, the non-active surface of the second semiconductor chip being attached 

to the non-active surface of the first semiconductor chip by a layer of adhesive therebetween, and 

the active surface of the second semiconductor chip being electrically connected to the substrate.  

In the package an encapsulant material covers the first and second semiconductor chips and their 

associated electrical connections.  The encapsulating material fills the at least one gap between 

the plurality of adhesive portions and thereby encapsulates the second semiconductor chip and its 

associated electrical connection. 

[0006]      Another embodiment of the invention is a semiconductor package that has a substrate 

with a top surface and a bottom surface, the top surface including a plurality of adhesive portions 

arranged in a manner to create at least one gap between the adhesive portions.  The package 

includes a first semiconductor chip having an active surface and a non-active surface, the non-

active surface of the first semiconductor chip being in contact with the adhesive portions, and the 

active surface of the first semiconductor chip being electrically connected to the substrate.  The 

package includes a second semiconductor chip having an active surface and a non-active surface, 

the non-active surface of the second semiconductor chip being attached to the top surface of the 

substrate by a layer of adhesive therebetween, and the active surface of the second 

semiconductor chip being electrically connected to the substrate.  An encapsulant material covers 

the first and second semiconductor chips and their associated electrical connections and the 

encapsulating material fills the at least one gap between the plurality of adhesive portions and 

thereby encapsulates the second semiconductor chip and its associated electrical connection. 

[0007]      The invention also includes a method manufacturing a semiconductor package with 

the following steps: 

(a) providing a plurality of adhesive portions on a top surface of a substrate, the 

plurality of adhesive portions arranged in a manner to create at least one gap between the 

adhesive portions; 

adhesive portions, and the active surface of the first semiconductor chip
being electrically 1 connected to the substrate. In the package, a second
semiconductor chip has an active surface  and a non-active surface, the
non-active surface of the second semiconductor chip being attached  to
the non-active surface of the first semiconductor chip by a layer of
adhesive therebetween, and  the active surface of the second
semiconductor chip being electrically connected to the substrate.  In the
package an encapsulant material covers the first and second
semiconductor chips and their  associated electrical connections. The
encapsulating material fills the at least one gap between  the plurality of
adhesive portions and thereby encapsulates the second semiconductor
chip and its  associated electrical connection. [0006] Another embodiment
of the invention is a semiconductor package that has a substrate  with a
top surface and a bottom surface, the top surface including a plurality of
adhesive portions  arranged in a manner to create at least one gap
between the adhesive portions. The package  includes a first
semiconductor chip having an active surface and a non-active surface, the
non- active surface of the first semiconductor chip being in contact with
the adhesive portions, and the  active surface of the first semiconductor
chip being electrically connected to the substrate. The  package includes
a second semiconductor chip having an active surface and a non-active
surface,  the non-active surface of the second semiconductor chip being
attached to the top surface of the  substrate by a layer of adhesive
therebetween, and the active surface of the second  semiconductor chip
being electrically connected to the substrate. An encapsulant material
covers  the first and second semiconductor chips and their associated
electrical connections and the  encapsulating material fills the at least one
gap between the plurality of adhesive portions and  thereby encapsulates
the second semiconductor chip and its associated electrical connection.
[0007] The invention also includes a method manufacturing a
semiconductor package with  the following steps: 



3 

(b) attaching a non-active surface of a first semiconductor chip to the adhesive 

portions on the top surface of the substrate; 

(c) attaching a non-active surface of a second semiconductor chip to the non-

active surface of the first semiconductor chip using a layer of adhesive therebetween; 

(d) electrically connecting active surfaces of the first and semiconductor chips to 

the substrate; and 

(e) covering the first and second semiconductor chips and their associated 

electrical connections with an encapsulant material, wherein during encapsulation, the at least 

one gap between the adhesive portions allows the encapsulant material to fill the space between 

the substrate and the first semiconductor chip to encapsulate the second semiconductor chip and 

its associated electrical connection. 

[0008]      The invention also includes a second method manufacturing a semiconductor package 

with the following steps: 

(a) providing a plurality of adhesive portions on a top surface of a substrate, the 

plurality of adhesive portions arranged in a manner to create at least one gap between the 

adhesive portions; 

(b) attaching a non-active surface of a first semiconductor chip to the adhesive 

portions on the top surface of the substrate; 

(c) attaching a non-active surface of a second semiconductor chip a top surface 

of the substrate using a layer of adhesive therebetween; 

(d) electrically connecting active surfaces of the first and semiconductor chips to 

the substrate; and 

(e) covering the first and second semiconductor chips and their associated 

electrical connections with an encapsulant material, wherein during encapsulation, the at least 

one gap between the adhesive portions allows the encapsulant material to fill the space between 

(a) providing a plurality of adhesive portions on a top surface of a
substrate, the  plurality of adhesive portions arranged in a manner to
create at least one gap between the  adhesive portions; 2 (b) attaching a
non-active surface of a first semiconductor chip to the adhesive  portions
on the top surface of the substrate; (c) attaching a non-active surface of a
second semiconductor chip to the non- active surface of the first
semiconductor chip using a layer of adhesive therebetween; (d)
electrically connecting active surfaces of the first and semiconductor chips
to  the substrate; and (e) covering the first and second semiconductor
chips and their associated  electrical connections with an encapsulant
material, wherein during encapsulation, the at least  one gap between the
adhesive portions allows the encapsulant material to fill the space
between  the substrate and the first semiconductor chip to encapsulate
the second semiconductor chip and  its associated electrical connection.
[0008] The invention also includes a second method manufacturing a
semiconductor package  with the following steps: (a) providing a plurality
of adhesive portions on a top surface of a substrate, the  plurality of
adhesive portions arranged in a manner to create at least one gap
between the  adhesive portions; (b) attaching a non-active surface of a
first semiconductor chip to the adhesive  portions on the top surface of the
substrate; (c) attaching a non-active surface of a second semiconductor
chip a top surface  of the substrate using a layer of adhesive
therebetween; (d) electrically connecting active surfaces of the first and
semiconductor chips to  
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the substrate and the first semiconductor chip to encapsulate the second semiconductor chip and 

its associated electrical connection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009]      Many aspects of the invention can be better understood with reference to the 

following drawings.  The components in the drawings are not necessarily to scale, emphasis 

instead being placed upon clearly illustrating the principles of the present invention.  Moreover, 

in the drawings, like reference numerals designate corresponding parts throughout the several 

views. 

[0010]      Figure 1 is a cross-section of one embodiment of a stacked die package.  Figure 1A is 

a top view of a substrate and a first semiconductor chip of the stacked die package of Figure 1. 

[0011]      Figures 2A-2C show a method of making a stacked die package of Figure 1. 

[0012]      Figure 3 is a cross-section of a first alternate embodiment of a stacked die package. 

[0013]      Figure 4A is a top view of a substrate, a first semiconductor chip and a second 

semiconductor chip of the stacked die package of Figure 3 before stacking.  Figure 4B(i) is a top 

view of a substrate, a first semiconductor chip and a second semiconductor chip of the stacked 

die package of Figure 3 after stacking.  Figure 4B(ii) is a top view of a substrate, a first 

semiconductor chip and a second semiconductor chip of a variation of the stacked die package of 

Figure 3.  Figure 4C is a top view of the structure as shown in Figure 4B(i) with a third 

semiconductor chip. 

[0014]      Figure 5 is a cross-section of a second alternate embodiment of a stacked die package.  

Figure 5A is a top view of a substrate, a first semiconductor chip and a second semiconductor 

chip of the stacked die package of Figure 5. 

[0015]      Figures 6A to 6C show cross-sections of a third alternate embodiment of a stacked 

die package, including a method of making the same. 

 

 

the substrate; and (e) covering the first and second semiconductor chips
and their associated  electrical connections with an encapsulant material,
wherein during encapsulation, the at least  one gap between the adhesive
portions allows the encapsulant material to fill the space between 3 the
substrate and the first semiconductor chip to encapsulate the second
semiconductor chip and  its associated electrical connection. BRIEF
DESCRIPTION OF THE DRAWINGS [0009] Many aspects of the
invention can be better understood with reference to the  following
drawings. The components in the drawings are not necessarily to scale,
emphasis  instead being placed upon clearly illustrating the principles of
the present invention. Moreover,  in the drawings, like reference numerals
designate corresponding parts throughout the several  views. [0010]
Figure 1 is a cross-section of one embodiment of a stacked die package.
Figure 1A is  a top view of a substrate and a first semiconductor chip of
the stacked die package of Figure 1.  [0011] Figures 2A-2C show a
method of making a stacked die package of Figure 1. [0012] Figure 3 is a
cross-section of a first alternate embodiment of a stacked die package.
[0013] Figure 4A is a top view of a substrate, a first semiconductor chip
and a second  semiconductor chip of the stacked die package of Figure 3
before stacking. Figure 4B(i) is a top  view of a substrate, a first
semiconductor chip and a second semiconductor chip of the stacked  die
package of Figure 3 after stacking. Figure 4B(ii) is a top view of a
substrate, a first  semiconductor chip and a second semiconductor chip of
a variation of the stacked die package of  Figure 3. Figure 4C is a top view
of the structure as shown in Figure 4B(i) with a third  semiconductor chip.
[0014] Figure 5 is a cross-section of a second alternate embodiment of a
stacked die package.  
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DETAILED DESCRIPTION OF THE INVENTION 

[0016]      Hereinafter, the present invention will be described in detail by way of exemplary 

embodiments with reference to the drawings.  The described exemplary embodiments are 

intended to assist in the understanding of the invention, and are not intended to limit the scope of 

the invention in any way.  Throughout the drawings for explaining the exemplary embodiments, 

those components having identical functions carry the same reference numerals for which 

duplicate explanations will be omitted. 

[0017]      A non-limiting embodiment of the invention is described herein with reference to 

Figures 1 and 1A.  Figure 1 shows an example of a stacked die package 100 in accordance with 

the embodiment.  The stacked die package 100 comprises a substrate 102 having a top surface 

102a and a bottom surface 102b, with a hole extending at least partially from the top surface 

102a toward the bottom surface.  In this embodiment, the hole is in the form of a window 

opening 104 that is fully extended from the top surface 102a to the bottom surface 102b of the 

substrate 102.  Methods for creating the window opening 104 are well known to those of skill in 

the art; and therefore, the details of creating the window opening will not be described herein.  

The substrate 102 comprises a plurality of bond fingers 103 which are positioned on the top 

surface 102a and on the bottom surface 102b of the substrate 102.  One exemplary arrangement 

of the bond fingers 103 is shown in Figure 1A.  The top surface 102a of the substrate 102 has a 

plurality of adhesive portions 106 arranged in a manner to create gaps 107 between them.  The 

adhesive portions 106 can function both as an adhesive and as spacers or interposers between the 

substrate 102 and a semiconductor chip, for example a first semiconductor chip 108, stacked 

above the substrate 102.  The adhesive portions 106 can be of a material that will allow adhesion 

to take place, for example, an epoxy.  The adhesive portions 106 may be dispensed or printed 

onto the substrate 102 or attached to the substrate 102 after it has been cut into the desired shape. 

[0018]      A first semiconductor chip 108, having a top active surface 108a and a bottom non-

active surface 108b, resides on the adhesive portions 106, with the bottom non-active surface 

Figure 5A is a top view of a substrate, a first semiconductor chip and a
second semiconductor  chip of the stacked die package of Figure 5.
[0015] Figures 6A to 6C show cross-sections of a third alternate
embodiment of a stacked  die package, including a method of making the
same. 4 DETAILED DESCRIPTION OF THE INVENTION [0016]
Hereinafter, the present invention will be described in detail by way of
exemplary  embodiments with reference to the drawings. The described
exemplary embodiments are  intended to assist in the understanding of
the invention, and are not intended to limit the scope of  the invention in
any way. Throughout the drawings for explaining the exemplary
embodiments,  those components having identical functions carry the
same reference numerals for which  duplicate explanations will be
omitted. [0017] A non-limiting embodiment of the invention is described
herein with reference to  Figures 1 and IA. Figure 1 shows an example of
a stacked die package 100 in accordance with  the embodiment. The
stacked die package 100 comprises a substrate 102 having a top surface
102a and a bottom surface 102b, with a hole extending at least partially
from the top surface  102a toward the bottom surface. In this embodiment,
the hole is in the form of a window  opening 104 that is fully extended from
the top surface 102a to the bottom surface 102b of the  substrate 102.
Methods for creating the window opening 104 are well known to those of
skill in  the art; and therefore, the details of creating the window opening
will not be described herein.  The substrate 102 comprises a plurality of
bond fingers 103 which are positioned on the top  surface 102a and on the
bottom surface 102b of the substrate 102. One exemplary arrangement  of
the bond fingers 103 is shown in Figure IA. The top surface 102a of the
substrate 102 has a  plurality of adhesive portions 106 arranged in a
manner to create gaps 107 between them. The  adhesive portions 106
can function both as an adhesive and as spacers or interposers between
the  
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108b of the first semiconductor chip 108 in contact with the adhesive portions 106.  A second 

semiconductor chip 110, having a top non-active surface 110a and a bottom non-active surface, 

is attached to the bottom non-active surface 108a of the first semiconductor chip 108 by a layer 

of adhesive 109 therebetween.  The adhesive 109 can be an adhesive that is commonly used in 

the art and can, for example, be an epoxy.  The top non-active surface 110a of the second 

semiconductor chip 110 faces the non-active surface 108a of the first semiconductor chip 108.  

The surface area of the second semiconductor chip is of a size that can enable it to be positioned 

below the first semiconductor chip 108 and at least partially within the hole extending partially 

or fully from the top surface 102a toward the bottom surface 102b of the substrate 102. 

[0019]      For example, as shown in Figure 1, the surface area of the second semiconductor chip 

is smaller than that of the first semiconductor ship 108 and the window opening 104 in the 

substrate 102 is such that the second semiconductor chip 110 can be partially within the window 

opening 104 when attached to the first semiconductor chip 108.  The first semiconductor chip 

108 is electrically connected to the substrate 102 by bond wires 114 extending from the top 

active surface 108a to the respective bond fingers 103 on the top surface 102a of the substrate 

102.  The second semiconductor chip 110 is electrically connected to the substrate 102 by bond 

wires 114 extending from the bottom active surface 110b of the second semiconductor chip 110 

to the respective bond fingers 103 residing at the bottom surface 102b of the substrate 102. 

[0020]      A plurality of semiconductor chips may be stacked on the active surface 108a of the 

first semiconductor chip 108 using layers of adhesive 109 between the semiconductor chips.  

Referring, for example, to Figure 1, a third semiconductor chip 116 is further stacked above the 

active surface 108a of the first semiconductor chip 108 using a layer of adhesive 109 

therebetween.  In addition to providing adhesion, the layer of adhesive 115 can protect the top 

active surface of the semiconductor chip and the associated bond wires 114 on the active surface, 

when another semiconductor chip is stacked thereon.  For the purposes of illustration and 

referring to Figure 1, the adhesive layer 109 can protect the top active surface 108a of the first 

substrate 102 and a semiconductor chip, for example a first
semiconductor chip 108, stacked  above the substrate 102. The adhesive
portions 106 can be of a material that will allow adhesion  to take place,
for example, an epoxy. The adhesive portions 106 may be dispensed or
printed  onto the substrate 102 or attached to the substrate 102 after it has
been cut into the desired shape.  [0018] A first semiconductor chip 108,
having a top active surface 108a and a bottom non- active surface 108b,
resides on the adhesive portions 106, with the bottom non-active surface
5 108b of the first semiconductor chip 108 in contact with the adhesive
portions 106. A second  semiconductor chip 110, having a top non-active
surface 110a and a bottom non-active surface,  is attached to the bottom
non-active surface 108a of the first semiconductor chip 108 by a layer  of
adhesive 109 therebetween. The adhesive 109 can be an adhesive that is
commonly used in  the art and can, for example, be an epoxy. The top
non-active surface 110a of the second  semiconductor chip 110 faces the
non-active surface 108a of the first semiconductor chip 108.  The surface
area of the second semiconductor chip is of a size that can enable it to be
positioned  below the first semiconductor chip 108 and at least partially
within the hole extending partially  or fully from the top surface 102a
toward the bottom surface 102b of the substrate 102. [0019] For example,
as shown in Figure 1, the surface area of the second semiconductor chip
is smaller than that of the first semiconductor ship 108 and the window
opening 104 in the  substrate 102 is such that the second semiconductor
chip 110 can be partially within the window  opening 104 when attached to
the first semiconductor chip 108. The first semiconductor chip  108 is
electrically connected to the substrate 102 by bond wires 114 extending
from the top  active surface 108a to the respective bond fingers 103 on
the top surface 102a of the substrate  102. The second semiconductor
chip 110 is electrically connected to the substrate 102 by bond  wires 114
extending from the bottom active surface 110b of the second
semiconductor chip 110  to the respective bond fingers 103 residing at the
bottom surface 102b of the substrate 102.  
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semiconductor chip 108 and the associated bond wires 114 on the active surface 108a, when the 

third semiconductor chip 116 is stacked thereon.   The third semiconductor chip 116 has a top 

active surface 116a and a bottom non-active surface 116b.  The bottom non-active surface 116b 

of the third semiconductor chip 116 faces the top active surface 108a of the first semiconductor 

chip 108 when stacked.  Bond wires 114 also extend from the top active surface 116a of the third 

semiconductor chip 116 to the respective bond fingers 103 on the top surface 102a of the 

substrate 102 to electrically connect the third semiconductor chip 116 to the substrate 102.  A 

fourth semiconductor chip 118 having a top active surface 118a and a bottom non-active surface 

118b can also be stacked, with its non-active surface 118b facing downwards, on the top active 

surface 116a of the third semiconductor chip 116 using a layer of adhesive 109 therebetween.  

The arrangement of the fourth semiconductor 118 can, for example, be staggered from the third 

semiconductor chip 116 to avoid the bond wire 114 associated with the third semiconductor chip 

116 as shown in Figure 1.  The fourth semiconductor chip 118 is electrically connected to the 

substrate 102 via a bond wire 114 extending from the top active surface 118a of the fourth 

semiconductor chip 118 to the bond fingers 113 on the top surface 102a of the substrate 102.  It 

will be appreciated that the third and fourth semiconductor chips 116,118 need not be in the 

configuration as described in Figure 1.  For example, the fourth semiconductor chip 118 can be 

stacked in the same manner as described for the third semiconductor chip 116. 

[0021]      Within the substrate 102, there may be provided metal traces 112, which electrically 

connect the bond fingers 103 on the top 102a and bottom 102b surfaces of the substrate 102 such 

as those shown in Figure 1.  An encapsulant material 120 encapsulates the first, third and fourth 

semiconductor chips 108, 116, 118 and their associated bond wires 114 and fills the spaces 

between the gaps 107 and in the window opening 104 to encapsulate the second semiconductor 

chip 110.  A solder material, for example solder balls 122 as shown in Figure 1, can be attached 

to the bottom surface 102b of the substrate for further connection of the assembled package 100 

to an external board. 

[0020] A plurality of semiconductor chips may be stacked on the active
surface 108a of the  first semiconductor chip 108 using layers of adhesive
109 between the semiconductor chips.  Referring, for example, to Figure
1, a third semiconductor chip 116 is further stacked above the  active
surface 108a of the first semiconductor chip 108 using a layer of adhesive
109  therebetween. In addition to providing adhesion, the layer of
adhesive 115 can protect the top  active surface of the semiconductor chip
and the associated bond wires 114 on the active surface,  when another
semiconductor chip is stacked thereon. For the purposes of illustration
and  referring to Figure 1, the adhesive layer 109 can protect the top
active surface 108a of the first 6 semiconductor chip 108 and the
associated bond wires 114 on the active surface 108a, when the  third
semiconductor chip 116 is stacked thereon. The third semiconductor chip
116 has a top  active surface 116a and a bottom non-active surface 116b.
The bottom non-active surface 116b  of the third semiconductor chip 116
faces the top active surface 108a of the first semiconductor  chip 108
when stacked. Bond wires 114 also extend from the top active surface
116a of the third  semiconductor chip 116 to the respective bond fingers
103 on the top surface 102a of the  substrate 102 to electrically connect
the third semiconductor chip 116 to the substrate 102. A  fourth
semiconductor chip 118 having a top active surface 118a and a bottom
non-active surface  118b can also be stacked, with its non-active surface
118b facing downwards, on the top active  surface 116a of the third
semiconductor chip 116 using a layer of adhesive 109 therebetween.  The
arrangement of the fourth semiconductor 118 can, for example, be
staggered from the third  semiconductor chip 116 to avoid the bond wire
114 associated with the third semiconductor chip  116 as shown in Figure
1. The fourth semiconductor chip 118 is electrically connected to the
substrate 102 via a bond wire 114 extending from the top active surface
118a of the fourth  semiconductor chip 118 to the bond fingers 113 on the
top surface 102a of the substrate 102. It  will be appreciated that the third
and fourth semiconductor chips 116,118 need not be in the  



8 

[0022]      Figures 2A through 2C show one exemplary method of assembling the semiconductor 

package 100 as shown in Figure 1.  Referring to Figure 2A, the first semiconductor chip 108 is 

attached to the substrate 102 using adhesive portions 106 as described above.  Referring to 

Figure 2B, the non-active top surface 110a of the second semiconductor chip 110 is then 

attached to the bottom non-active surface 108b of the first semiconductor chip 103 using a layer 

of adhesive 109, followed by electrically connecting the bottom active surface 110b of the 

second semiconductor chip 110, via bond wire 114, to the bond fingers 103 along the bottom 

surface 102b of the substrate 102.   

[0023]      Referring to Figure 2C, the active surface 108a of the first semiconductor chip 108 is 

electrically connected to the bond fingers 103 along the top surface 102a of the substrate 102.  

The third and fourth semiconductor chips 116, 118 are subsequently stacked above the active 

surface 108a of the first semiconductor chip 108 using layers of adhesive 115, 117 as described 

above. 

[0024]      Thereafter, an encapsulant material 120 is used to protect the bond wires 114 and the 

semiconductor chips 108, 110, 116, 118.  During encapsulation, the encapsulant material 120 

surrounds the first, third and fourth semiconductor chips 108, 116, 118 and their associated 

electrical connections or bond wires 114 and flows through the gaps between the adhesive 

portions and into the window opening 104 to encapsulate and protect the second semiconductor 

chip 110 and its associated bond wires 114. 

[0025]      An alternate embodiment of the invention is shown in Figures 3, 4A, 4(B)(i), 4(B)(ii) 

and 4C.  Figure 3 shows a semiconductor package 200 in accordance with this alternate 

embodiment.  The semiconductor package 200 is similar to the one as described for the above 

embodiment except that the substrate 202 has a cavity 204 instead of a window opening 104, and 

the second semiconductor chip 210 is positioned within the cavity 204 instead of the first 

semiconductor chip 108.  The semiconductor package 200 includes a substrate 202 having a top 

surface 202a and a bottom surface 202b.  The substrate 202 has a cavity 204 extending from the 

configuration as described in Figure 1. For example, the fourth
semiconductor chip 118 can be  stacked in the same manner as described
for the third semiconductor chip 116. [0021] Within the substrate 102,
there may be provided metal traces 112, which electrically  connect the
bond fingers 103 on the top 102a and bottom 102b surfaces of the
substrate 102 such  as those shown in Figure 1. An encapsulant material
120 encapsulates the first, third and fourth  semiconductor chips 108, 116,
118 and their associated bond wires 114 and fills the spaces  between the
gaps 107 and in the window opening 104 to encapsulate the second
semiconductor  chip 110. A solder material, for example solder balls 122
as shown in Figure 1, can be attached  to the bottom surface 102b of the
substrate for further connection of the assembled package 100  to an
external board. 7 [0022] Figures 2A through 2C show one exemplary
method of assembling the semiconductor  package 100 as shown in
Figure 1. Referring to Figure 2A, the first semiconductor chip 108 is
attached to the substrate 102 using adhesive portions 106 as described
above. Referring to  Figure 2B, the non-active top surface 110a of the
second semiconductor chip 110 is then attached to the bottom non-active
surface 108b of the first semiconductor chip 103 using a layer  of adhesive
109, followed by electrically connecting the bottom active surface 110b of
the  second semiconductor chip 110, via bond wire 114, to the bond
fingers 103 along the bottom  surface 102b of the substrate 102. [0023]
Referring to Figure 2C, the active surface 108a of the first semiconductor
chip 108 is  electrically connected to the bond fingers 103 along the top
surface 102a of the substrate 102.  The third and fourth semiconductor
chips 116, 118 are subsequently stacked above the active  surface 108a
of the first semiconductor chip 108 using layers of adhesive 115, 117 as
described  above. [0024] Thereafter, an encapsulant material 120 is used
to protect the bond wires 114 and the  
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top surface 202a toward the bottom surface 202b.  Methods for creating the cavity 204 are well 

known to those of skill in the art; and therefore, the details of creating the cavity 204 will not be 

described herein.  The substrate 202 comprises a plurality of bond fingers 203 positioned on the 

top surface 202a of the substrate 202 and a plurality of bond fingers 203 positioned on the 

bottom surface 202b of the substrate 202.  Figure 4A shows an example arrangement of the bond 

fingers on the substrate 202.  The top surface 202a of the substrate 202 has a plurality of 

adhesive portions 206 arranged in a manner to create gaps 207 between them. 

[0026]      A first semiconductor chip 208, having a top active surface 208a and a bottom non-

active surface 208b, resides on the adhesive portions 206 with the bottom non-active surface 

208b of the first semiconductor chip 208 in contact with the adhesive portions 206.  A second 

semiconductor chip 210, having a top active surface 210a and a bottom non-active surface 210b, 

is attached to the floor of the cavity 204 by a layer of adhesive 209.  The top active surface 210a 

of the second semiconductor chip 210 faces the non-active surface 208a of the first 

semiconductor chip 208.  The surface area of the second semiconductor chip 210 is smaller than 

that of the first semiconductor ship and the cavity 204 in the substrate 202 is such that the second 

semiconductor chip 210 can be positioned within the cavity 204.  The first semiconductor chip 

208 is electrically connected to the substrate by bond wires 214 extending from the top active 

surface 208a to the respective bond fingers 203 on the top surface 202a of the substrate 202.  The 

second semiconductor chip 210 is electrically connected to the substrate 202 by bond wires 214 

extending from the top active surface 210a of the second semiconductor chip 210 to the 

respective bond fingers 203 residing on the floor of the cavity 204 as shown in Figure 4A. 

[0027]      A third semiconductor chip 216 is further stacked above the active surface 208a of 

the first semiconductor chip 208 using a layer of adhesive 209.  The third semiconductor chip 

216 has a top active surface 216a and a bottom non-active surface 216b.  The bottom non-active 

surface 216b of the third semiconductor chip 216 faces the top active surface 208a of the first 

semiconductor chip 208 when stacked.  Bond wires 214 also extend from the top active surface 

semiconductor chips 108, 110, 116, 118. During encapsulation, the
encapsulant material 120  surrounds the first, third and fourth
semiconductor chips 108, 116, 118 and their associated  electrical
connections or bond wires 114 and flows through the gaps between the
adhesive  portions and into the window opening 104 to encapsulate and
protect the second semiconductor  chip 110 and its associated bond wires
114. [0025] An alternate embodiment of the invention is shown in Figures
3, 4A, 4(B)(i), 4(B)(ii)  and 4C. Figure 3 shows a semiconductor package
200 in accordance with this alternate  embodiment. The semiconductor
package 200 is similar to the one as described for the above  embodiment
except that the substrate 202 has a cavity 204 instead of a window
opening 104, and  the second semiconductor chip 210 is positioned within
the cavity 204 instead of the first  semiconductor chip 108. The
semiconductor package 200 includes a substrate 202 having a top
surface 202a and a bottom surface 202b. The substrate 202 has a cavity
204 extending from the 8 top surface 202a toward the bottom surface
202b. Methods for creating the cavity 204 are well  known to those of skill
in the art; and therefore, the details of creating the cavity 204 will not be
described herein. The substrate 202 comprises a plurality of bond fingers
203 positioned on the  top surface 202a of the substrate 202 and a
plurality of bond fingers 203 positioned on the  bottom surface 202b of the
substrate 202. Figure 4A shows an example arrangement of the bond
fingers on the substrate 202. The top surface 202a of the substrate 202
has a plurality of  adhesive portions 206 arranged in a manner to create
gaps 207 between them. [0026] A first semiconductor chip 208, having a
top active surface 208a and a bottom non- active surface 208b, resides on
the adhesive portions 206 with the bottom non-active surface  208b of the
first semiconductor chip 208 in contact with the adhesive portions 206. A
second  semiconductor chip 210, having a top active surface 210a and a
bottom non-active surface 210b,  is attached to the floor of the cavity 204
by a layer of adhesive 209. The top active surface 210a  
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216a of the third semiconductor chip 216 to the respective bond fingers 203a on the top surface 

202a of the substrate 202 to electrically connect the third semiconductor chip 216 to the substrate 

202.  A fourth semiconductor chip 218 having a top active surface 218a and a bottom non-active 

surface 218b can also be stacked, with its non-active surface 218b facing downwards, on the top 

active surface 216a of the third semiconductor chip 216 using a layer of adhesive 209.  The 

arrangement of the fourth semiconductor chip 218 can be staggered from the third semiconductor 

chip 216 to avoid the bond wire 214 associated with the third semiconductor chip 216 as shown 

in Figure 3.  The fourth semiconductor chip 218 is electrically connected to the substrate 102 via 

a bond wire 214 extending from the top active surface 218a of the fourth semiconductor chip 218 

to the bond fingers 213 on the top surface 202a of the substrate 202.  

[0028]      Within the substrate 202, there may be provided metal traces 212, which provide 

electrical communication between the bond fingers 203 on the top 202a and bottom 202b 

surfaces of the substrate 202 as shown in Figure 3.  An encapsulant material 220 encapsulates the 

first, third and fourth semiconductor chips 208,216,218 and fills the spaces between the gaps 207 

and in the cavity 204 to encapsulate the second semiconductor chip 210.  Solder balls 222 can be 

attached to the bottom surface 202b of the substrate for further connection of the assembled 

package 200 to an external board. 

[0029]      Figures 4A through 4C show an exemplary method of assembling the first, second 

and third semiconductor chips 208, 210, 216 onto the substrate 202 to form part of the 

semiconductor package 200 as shown in Figure 3.  Referring to Figures 4A and 4B(i), a second 

semiconductor chip 210 is attached to the floor of the cavity 204 using a layer of adhesive 209 

and is electrically connected to the substrate by bond wires 214 extending from the active surface 

210a of the second semiconductor chip 210 to the respective bond fingers 203 on the floor of the 

cavity 204.  A first semiconductor chip 208 is attached to the substrate 202 and stacked over the 

second semiconductor chip 210 as shown in Figure 4B(i) by adhesive portions 206. The 

associated electrical connections for the first semiconductor chip 208 are made via bond wires 

of the second semiconductor chip 210 faces the non-active surface 208a
of the first  semiconductor chip 208. The surface area of the second
semiconductor chip 210 is smaller than  that of the first semiconductor
ship and the cavity 204 in the substrate 202 is such that the second
semiconductor chip 210 can be positioned within the cavity 204. The first
semiconductor chip  208 is electrically connected to the substrate by bond
wires 214 extending from the top active  surface 208a to the respective
bond fingers 203 on the top surface 202a of the substrate 202. The
second semiconductor chip 210 is electrically connected to the substrate
202 by bond wires 214  extending from the top active surface 210a of the
second semiconductor chip 210 to the  respective bond fingers 203
residing on the floor of the cavity 204 as shown in Figure 4A. [0027] A
third semiconductor chip 216 is further stacked above the active surface
208a of  the first semiconductor chip 208 using a layer of adhesive 209.
The third semiconductor chip  216 has a top active surface 216a and a
bottom non-active surface 216b. The bottom non-active  surface 216b of
the third semiconductor chip 216 faces the top active surface 208a of the
first  semiconductor chip 208 when stacked. Bond wires 214 also extend
from the top active surface  9 216a of the third semiconductor chip 216 to
the respective bond fingers 203a on the top surface  202a of the substrate
202 to electrically connect the third semiconductor chip 216 to the
substrate  202. A fourth semiconductor chip 218 having a top active
surface 218a and a bottom non-active  surface 218b can also be stacked,
with its non-active surface 218b facing downwards, on the top  active
surface 216a of the third semiconductor chip 216 using a layer of
adhesive 209. The  arrangement of the fourth semiconductor chip 218 can
be staggered from the third semiconductor  chip 216 to avoid the bond
wire 214 associated with the third semiconductor chip 216 as shown  in
Figure 3. The fourth semiconductor chip 218 is electrically connected to
the substrate 102 via  a bond wire 214 extending from the top active
surface 218a of the fourth semiconductor chip 218  to the bond fingers
213 on the top surface 202a of the substrate 202. 
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214 extending from the active surface 208a of the first semiconductor chip 208 to the respective 

bond fingers 203 on the substrate 202 as described above. 

[0030]      Figure 4B(ii) shows a variation of the first alternate embodiment.  In this variation, 

the cavity 204 is of a wider size than the first semiconductor chip 108.  It will be appreciated that 

the cavity 204 can have a different shape and need not be confined to those as described in the 

Figures 3, 4A and 4B(i).  The shape of the cavity 204 can, for example, be rectangular as 

illustrated by Figure 4B(ii) or other shapes.  As shown for example in Figure 4B(ii), the cavity 

204 may not be fully covered by the first semiconductor chip 208 after it has been attached to the 

adhesive portions 206 of the substrate 202.  The larger cavity 204 advantageously creates a larger 

flow path for the encapsulation material 220 to flow through the gaps 207 and into the cavity 204 

to encapsulate the second semiconductor chip 210 within the cavity 204. 

[0031]      The third semiconductor chip 216 is subsequently stacked above the active surface 

208a of the first semiconductor chip 208 using a layer of adhesive 209 as described above and as 

shown in Figure 4C, followed by the stacking of a fourth semiconductor chip 218 using a layer 

of adhesive 209 in a staggered manner as described above to result in the stacked structure as 

shown in Figure 3.  Thereafter, an encapsulant material 220 is used to protect the bond wires 214 

and the semiconductor chips 208, 210, 216, 218.  During encapsulation, the encapsulant 120 

surrounds the first, third and fourth semiconductor chips 208, 216, 218 and their associated 

electrical connections or bond wires 214 and flows through the gaps between the adhesive 

portions 206 and into the cavity 204 to encapsulate and protect the second semiconductor chip 

210 and its associated bond wires 214.   

[0032]      A semiconductor package 300 of a second alternate embodiment of the invention is 

shown in Figure 5.  The semiconductor package 300 is similar to those as described for the 

above embodiment and first alternate embodiment except that there is no cavity or a window 

opening in substrate 302.  The substrate 302 has a top surface 302a and a bottom surface 302b.  

The substrate 302 comprises a plurality of bond fingers 303 positioned on the top surface 302a 

[0028] Within the substrate 202, there may be provided metal traces 212,
which provide  electrical communication between the bond fingers 203 on
the top 202a and bottom 202b  surfaces of the substrate 202 as shown in
Figure 3. An encapsulant material 220 encapsulates the  first, third and
fourth semiconductor chips 208,216,218 and fills the spaces between the
gaps 207  and in the cavity 204 to encapsulate the second semiconductor
chip 210. Solder balls 222 can be  attached to the bottom surface 202b of
the substrate for further connection of the assembled  package 200 to an
external board. [0029] Figures 4A through 4C show an exemplary method
of assembling the first, second  and third semiconductor chips 208, 210,
216 onto the substrate 202 to form part of the  semiconductor package
200 as shown in Figure 3. Referring to Figures 4A and 4B(i), a second
semiconductor chip 210 is attached to the floor of the cavity 204 using a
layer of adhesive 209  and is electrically connected to the substrate by
bond wires 214 extending from the active surface  210a of the second
semiconductor chip 210 to the respective bond fingers 203 on the floor of
the  cavity 204. A first semiconductor chip 208 is attached to the substrate
202 and stacked over the  second semiconductor chip 210 as shown in
Figure 4B(i) by adhesive portions 206. The  associated electrical
connections for the first semiconductor chip 208 are made via bond wires
10 214 extending from the active surface 208a of the first semiconductor
chip 208 to the respective  bond fingers 203 on the substrate 202 as
described above. [0030] Figure 4B(ii) shows a variation of the first
alternate embodiment. In this variation,  the cavity 204 is of a wider size
than the first semiconductor chip 108. It will be appreciated that  the cavity
204 can have a different shape and need not be confined to those as
described in the  Figures 3, 4A and 4B(i). The shape of the cavity 204 can,
for example, be rectangular as  illustrated by Figure 4B(ii) or other shapes.
As shown for example in Figure 4B(ii), the cavity  204 may not be fully
covered by the first semiconductor chip 208 after it has been attached to
the  
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and a plurality of bond fingers 203 positioned on the bottom surface 302b.  The top surface 302a 

of the substrate 302 has a plurality of adhesive portions 306 arranged in a manner to create gaps 

306 between them.  An example substrate 302 in accordance with the second alternate 

embodiment is shown in Figure 5A. 

[0033]      A first semiconductor chip 308, having a top active surface 308a and a bottom non-

active surface 308b, resides on the adhesive portions 306 with the bottom non-active surface 

308b of the first semiconductor chip 308 in contact with the adhesive portions 306.  A second 

semiconductor chip 310, having a top active surface 310a and a bottom non-active surface 310b, 

is attached to the top surface of the substrate by a layer of adhesive 309.  The top active surface 

310a of the second semiconductor chip 310 faces the non-active surface 308a of the first 

semiconductor chip 308.  The surface area of the second semiconductor chip 310 is smaller than 

that of the first semiconductor ship 308 and the second semiconductor chip 310 can be 

positioned below the first semiconductor chip 308 and within a gap created between opposing 

pairs of adhesive portions.  The first semiconductor chip 308 is electrically connected to the 

substrate 302 by bond wires 314 extending from the top active surface 308a to the respective 

bond fingers 303 on the top surface 302a of the substrate 302.  The second semiconductor chip 

310 is electrically connected to the substrate 302 by bond wires 314 extending from the top 

active surface 310a of the second semiconductor chip 310 to the respective bond fingers 303 

residing on the top surface 302a of the substrate 302. 

[0034]      A third semiconductor chip 316 is further stacked above the active surface 308a of 

the first semiconductor chip 308 using a layer of adhesive 309.  The third semiconductor chip 

316 has a top active surface 316a and a bottom non-active surface 316b.  The bottom non-active 

surface 316b of the third semiconductor chip 316 faces the top active surface 308a of the first 

semiconductor chip 308 when stacked.  Bond wires 314 also extend from the top active surface 

316a of the third semiconductor chip 316 to the respective bond fingers 303 on the top surface 

302a of the substrate 302 to electrically connect the third semiconductor chip 316 to the substrate 

adhesive portions 206 of the substrate 202. The larger cavity 204
advantageously creates a larger  flow path for the encapsulation material
220 to flow through the gaps 207 and into the cavity 204  to encapsulate
the second semiconductor chip 210 within the cavity 204. [0031] The third
semiconductor chip 216 is subsequently stacked above the active surface
208a of the first semiconductor chip 208 using a layer of adhesive 209 as
described above and as  shown in Figure 4C, followed by the stacking of a
fourth semiconductor chip 218 using a layer  of adhesive 209 in a
staggered manner as described above to result in the stacked structure as
shown in Figure 3. Thereafter, an encapsulant material 220 is used to
protect the bond wires 214  and the semiconductor chips 208, 210, 216,
218. During encapsulation, the encapsulant 120  surrounds the first, third
and fourth semiconductor chips 208, 216, 218 and their associated
electrical connections or bond wires 214 and flows through the gaps
between the adhesive  portions 206 and into the cavity 204 to encapsulate
and protect the second semiconductor chip  210 and its associated bond
wires 214. [0032] A semiconductor package 300 of a second alternate
embodiment of the invention is  shown in Figure 5. The semiconductor
package 300 is similar to those as described for the  above embodiment
and first alternate embodiment except that there is no cavity or a window
opening in substrate 302. The substrate 302 has a top surface 302a and a
bottom surface 302b.  The substrate 302 comprises a plurality of bond
fingers 303 positioned on the top surface 302a 11 and a plurality of bond
fingers 203 positioned on the bottom surface 302b. The top surface 302a
of the substrate 302 has a plurality of adhesive portions 306 arranged in a
manner to create gaps  306 between them. An example substrate 302 in
accordance with the second alternate embodiment is shown in Figure 5A.
[0033] A first semiconductor chip 308, having a top active surface 308a
and a bottom non- active surface 308b, resides on the adhesive portions
306 with the bottom non-active surface  
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302.  A fourth semiconductor chip 318 having a top active surface 318a and a bottom non-active 

surface 318b can also be stacked with its non-active surface 318b facing downwards, on the top 

active surface 316a of the third semiconductor chip 316 using a layer of adhesive 309.  The 

arrangement of the fourth semiconductor chip 318 can be staggered from the third semiconductor 

chip 316 to avoid the bond wire 314 associated with the third semiconductor chip 316 as shown, 

for example, in Figure 5.  The fourth semiconductor chip 318 is electrically connected to the 

substrate 302 via a bond wire 314 extending from the top active surface 318a of the fourth 

semiconductor chip 318 to the bond fingers 303 on the top surface 302a of the substrate 302.  

[0035]      Within the substrate 302, there may be provided metal traces 312, which provide 

electrical communication between the bond fingers 303 on the top 302a and bottom 302b 

surfaces of the substrate 302 as shown in Figure 5.  An encapsulant material 320 encapsulates the 

first, third and fourth semiconductor chips 308, 316, 318 and fills the spaces between the gaps 

307 to encapsulate the second semiconductor chip 310.  Solder balls 322 can be attached to the 

bottom surface 102b of the substrate for further connection of the assembled package 300 to an 

external board.   

[0036]      Figures 6A through 6C show a semiconductor package 400 in accordance with a third 

alternate embodiment and a method of assembling the semiconductor package 400 as shown in 

Figure 6C.  In this alternative embodiment, a substrate 403 having a top surface 402a and a 

bottom surface 402b may be provided with a window opening 404.  The substrate 402 may be 

further provided with a tape carrier 405, on which a second semiconductor chip 410 is attached 

within the window opening 404 of the substrate 402.  The second semiconductor chip 410 can be 

attached to the tape carrier 405 with an adhesive 409.  The second semiconductor chip 410 is 

electrically connected to the substrate 402 by means a bond wires 414 extending from the top 

active surface 410a to the respective bond fingers 403 on the top surface 402a of the substrate 

402.  The top surface 402a of the substrate 402 is also provided with a plurality of adhesive 

portions 406 arranged in a manner to create gaps between the adhesive portions 406.  A first 

308b of the first semiconductor chip 308 in contact with the adhesive
portions 306. A second  semiconductor chip 310, having a top active
surface 310a and a bottom non-active surface 310b,  is attached to the
top surface of the substrate by a layer of adhesive 309. The top active
surface  310a of the second semiconductor chip 310 faces the non-active
surface 308a of the first  semiconductor chip 308. The surface area of the
second semiconductor chip 310 is smaller than  that of the first
semiconductor ship 308 and the second semiconductor chip 310 can be
positioned below the first semiconductor chip 308 and within a gap
created between opposing  pairs of adhesive portions. The first
semiconductor chip 308 is electrically connected to the  substrate 302 by
bond wires 314 extending from the top active surface 308a to the
respective  bond fingers 303 on the top surface 302a of the substrate 302.
The second semiconductor chip  310 is electrically connected to the
substrate 302 by bond wires 314 extending from the top  active surface
310a of the second semiconductor chip 310 to the respective bond fingers
303  residing on the top surface 302a of the substrate 302. [0034] A third
semiconductor chip 316 is further stacked above the active surface 308a
of  the first semiconductor chip 308 using a layer of adhesive 309. The
third semiconductor chip  316 has a top active surface 316a and a bottom
non-active surface 316b. The bottom non-active  surface 316b of the third
semiconductor chip 316 faces the top active surface 308a of the first
semiconductor chip 308 when stacked. Bond wires 314 also extend from
the top active surface  316a of the third semiconductor chip 316 to the
respective bond fingers 303 on the top surface  302a of the substrate 302
to electrically connect the third semiconductor chip 316 to the substrate 12
302. A fourth semiconductor chip 318 having a top active surface 318a
and a bottom non-active  surface 318b can also be stacked with its
non-active surface 318b facing downwards, on the top  active surface
316a of the third semiconductor chip 316 using a layer of adhesive 309.
The  arrangement of the fourth semiconductor chip 318 can be staggered
from the third semiconductor  
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semiconductor chip 408, having a top active surface 408a and a bottom non-active surface 408b, 

resides on the adhesive portions 406 with the bottom non-active surface 408b facing the top 

surface 402a of the substrate 402.  A third semiconductor chip 416 having a top active surface 

416a and a bottom non-active surface 416b is attached to the top active surface 408a of the first 

semiconductor chip 408 by a layer of adhesive 409 therebetween, and electrically connected to 

the substrate 402 by means of bond wires 414 extending from the top active surface 416a of the 

third semiconductor chip 416 to the respective bond fingers 403 on the top surface of the 

substrate 402.  A fourth semiconductor chip 418 having a top active surface 418a and a bottom 

non-active surface 418b is attached to the top active surface 416a of the third semiconductor chip 

by a layer of adhesive 409 therebetween.  The fourth semiconductor chip 418 can be arranged in 

a staggered manner to avoid the bond wire of the third semiconductor chip 416 as shown, for 

example, in Figure 6B.  An encapsulant material 420 covers the first, third and fourth 

semiconductor chips and fills the gaps between the adhesive portions 406 and in the window 

opening 404 to encapsulate the second semiconductor chip 410.  The tape carrier 405 may then 

be removed from the final package as shown in Figure 6C to enable attachment of solder balls 

422 onto the bottom surface 402b of the substrate 402 for soldering onto an external board. 

[0037]      It should be emphasized that the above-described embodiments of the present 

invention are merely possible examples of implementations, merely set forth for a clear 

understanding of the principles of the invention.  Many variations and modifications may be 

made to the above-described embodiment(s) of the invention without departing substantially 

from the spirit and principles of the invention.  All such modifications and variations are 

intended to be included herein within the scope of this disclosure and the present invention and 

protected by the following claims. 

[0038]      What is claimed is: 

 

 

chip 316 to avoid the bond wire 314 associated with the third
semiconductor chip 316 as shown,  for example, in Figure 5. The fourth
semiconductor chip 318 is electrically connected to the  substrate 302 via
a bond wire 314 extending from the top active surface 318a of the fourth
semiconductor chip 318 to the bond fingers 303 on the top surface 302a
of the substrate 302.  [0035] Within the substrate 302, there may be
provided metal traces 312, which provide  electrical communication
between the bond fingers 303 on the top 302a and bottom 302b  surfaces
of the substrate 302 as shown in Figure 5. An encapsulant material 320
encapsulates the  first, third and fourth semiconductor chips 308, 316, 318
and fills the spaces between the gaps  307 to encapsulate the second
semiconductor chip 310. Solder balls 322 can be attached to the  bottom
surface 102b of the substrate for further connection of the assembled
package 300 to an  external board. [0036] Figures 6A through 6C show a
semiconductor package 400 in accordance with a third  alternate
embodiment and a method of assembling the semiconductor package 400
as shown in  Figure 6C. In this alternative embodiment, a substrate 403
having a top surface 402a and a  bottom surface 402b may be provided
with a window opening 404. The substrate 402 may be  further provided
with a tape carrier 405, on which a second semiconductor chip 410 is
attached  within the window opening 404 of the substrate 402. The second
semiconductor chip 410 can be  attached to the tape carrier 405 with an
adhesive 409. The second semiconductor chip 410 is  electrically
connected to the substrate 402 by means a bond wires 414 extending
from the top  active surface 410a to the respective bond fingers 403 on
the top surface 402a of the substrate  402. The top surface 402a of the
substrate 402 is also provided with a plurality of adhesive  portions 406
arranged in a manner to create gaps between the adhesive portions 406.
A first 13 semiconductor chip 408, having a top active surface 408a and a
bottom non-active surface 408b,  resides on the adhesive portions 406
with the bottom non-active surface 408b facing the top  
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CLAIMS 

1. A semiconductor package comprising: 

 a substrate having a top surface and a bottom surface, the top surface comprising a 

plurality of adhesive portions arranged in a manner to create at least one gap between the 

adhesive portions; 

 a first semiconductor chip having an active surface and a non-active surface, the non-

active surface of the first semiconductor chip being in contact with the adhesive portions, and the 

active surface of the first semiconductor chip being electrically connected to the substrate; 

 a second semiconductor chip having an active surface and a non-active surface, the non-

active surface of the second semiconductor chip being attached to the non-active surface of the 

first semiconductor chip by a layer of adhesive therebetween, and the active surface of the 

second semiconductor chip being electrically connected to the substrate; and 

 an encapsulant material covering the first and second semiconductor chips and their 

associated electrical connections, the encapsulating material filling the at least one gap between 

the plurality of adhesive portions and thereby encapsulating the second semiconductor chip and 

its associated electrical connection. 

 

2. The semiconductor package of claim 1, wherein said electrical connection is made by a 

bond wire. 

 

3. The semiconductor package of claim 1, wherein the second semiconductor chip has a 

smaller surface area than that of the first semiconductor chip. 

 

4. The semiconductor package of claim 1, wherein said top surface of the substrate 

comprises a hole below the first semiconductor chip. 

 

surface 402a of the substrate 402. A third semiconductor chip 416 having
a top active surface  416a and a bottom non-active surface 416b is
attached to the top active surface 408a of the first  semiconductor chip
408 by a layer of adhesive 409 therebetween, and electrically connected
to  the substrate 402 by means of bond wires 414 extending from the top
active surface 416a of the  third semiconductor chip 416 to the respective
bond fingers 403 on the top surface of the  substrate 402. A fourth
semiconductor chip 418 having a top active surface 418a and a bottom
non-active surface 418b is attached to the top active surface 416a of the
third semiconductor chip  by a layer of adhesive 409 therebetween. The
fourth semiconductor chip 418 can be arranged in  a staggered manner to
avoid the bond wire of the third semiconductor chip 416 as shown, for
example, in Figure 6B. An encapsulant material 420 covers the first, third
and fourth  semiconductor chips and fills the gaps between the adhesive
portions 406 and in the window  opening 404 to encapsulate the second
semiconductor chip 410. The tape carrier 405 may then  be removed from
the final package as shown in Figure 6C to enable attachment of solder
balls  422 onto the bottom surface 402b of the substrate 402 for soldering
onto an external board.  [0037] It should be emphasized that the
above-described embodiments of the present  invention are merely
possible examples of implementations, merely set forth for a clear
understanding of the principles of the invention. Many variations and
modifications may be  made to the above-described embodiment(s) of the
invention without departing substantially  from the spirit and principles of
the invention. All such modifications and variations are  intended to be
included herein within the scope of this disclosure and the present
invention and  protected by the following claims. [0038] What is claimed is:
14 CLAIMS  1. A semiconductor package comprising: 
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5. The semiconductor package of claim 4, wherein the active surface of the second 

semiconductor chip is electrically connected to the bottom surface of the substrate through the 

hole. 

 

6. The semiconductor package of claim 4, wherein the second semiconductor chip is 

positioned within the hole. 

 

7. The semiconductor package of claim 1, further comprising a third semiconductor chip 

attached to the active surface of the first semiconductor chip by a layer of adhesive. 

 

8. A semiconductor package comprising: 

 a substrate having a top surface and a bottom surface, the top surface comprising a 

plurality of adhesive portions arranged in a manner to create at least one gap between the 

adhesive portions; 

 a first semiconductor chip having an active surface and a non-active surface, the non-

active surface of the first semiconductor chip being in contact with the adhesive portions, and the 

active surface of the first semiconductor chip being electrically connected to the substrate; 

 a second semiconductor chip having an active surface and a non-active surface, the non-

active surface of the second semiconductor chip being attached to a top surface of the substrate 

by a layer of adhesive therebetween, and the active surface of the second semiconductor chip 

being electrically connected to the substrate; and 

 an encapsulant material covering the first and second semiconductor chips and their 

associated electrical connections, the encapsulating material filling the at least one gap between 

the plurality of adhesive portions and thereby encapsulating the second semiconductor chip and 

its associated electrical connection. 

 

a substrate having a top surface and a bottom surface, the top surface
comprising a  plurality of adhesive portions arranged in a manner to create
at least one gap between the  adhesive portions; a first semiconductor
chip having an active surface and a non-active surface, the non- active
surface of the first semiconductor chip being in contact with the adhesive
portions, and the  active surface of the first semiconductor chip being
electrically connected to the substrate; a second semiconductor chip
having an active surface and a non-active surface, the non- active surface
of the second semiconductor chip being attached to the non-active
surface of the  first semiconductor chip by a layer of adhesive
therebetween, and the active surface of the  second semiconductor chip
being electrically connected to the substrate; and an encapsulant material
covering the first and second semiconductor chips and their  associated
electrical connections, the encapsulating material filling the at least one
gap between  the plurality of adhesive portions and thereby encapsulating
the second semiconductor chip and  its associated electrical connection.
2. The semiconductor package of claim 1, wherein said electrical
connection is made by a  bond wire. 3. The semiconductor package of
claim 1, wherein the second semiconductor chip has a  smaller surface
area than that of the first semiconductor chip. 4. The semiconductor
package of claim 1, wherein said top surface of the substrate  comprises a
hole below the first semiconductor chip. 15 5. The semiconductor package
of claim 4, wherein the active surface of the second  semiconductor chip is
electrically connected to the bottom surface of the substrate through the
hole. 6. The semiconductor package of claim 4, wherein the second
semiconductor chip is  



17 

9. The semiconductor package of claim 8, wherein the substrate has a cavity that extends 

partially from the top surface of the substrate toward the bottom surface of the substrate. 

 

10 The semiconductor package of claim 9, wherein the non-active surface of the second 

semiconductor chip is attached to a floor of the cavity. 

 

11. The semiconductor package of claim 10, wherein the active surface of the second 

semiconductor chip is electrically connected to the top surface of the substrate. 

 

12. The semiconductor package of claim 10, wherein the active surface of the second 

semiconductor chip is electrically connected to the floor of the cavity. 

 

13. The semiconductor package of claim 8, further comprising a third semiconductor chip 

attached to the active surface of the first semiconductor chip by a layer of adhesive. 

 

14. The semiconductor package of claim 9, wherein said first semiconductor chip does not 

fully cover the cavity. 

 

15. A method of manufacturing a semiconductor package comprising: 

 (a) providing a plurality of adhesive portions on a top surface of a substrate, the 

plurality of adhesive portions arranged in a manner to create at least one gap between the 

adhesive portions; 

 (b) attaching a non-active surface of a first semiconductor chip to the adhesive 

portions on the top surface of the substrate; 

 (c) attaching a non-active surface of a second semiconductor chip to the non-active 

surface of the first semiconductor chip using a layer of adhesive therebetween; 

positioned within the hole. 7. The semiconductor package of claim 1,
further comprising a third semiconductor chip  attached to the active
surface of the first semiconductor chip by a layer of adhesive. 8. A
semiconductor package comprising: a substrate having a top surface and
a bottom surface, the top surface comprising a  plurality of adhesive
portions arranged in a manner to create at least one gap between the
adhesive portions; a first semiconductor chip having an active surface and
a non-active surface, the non- active surface of the first semiconductor
chip being in contact with the adhesive portions, and the  active surface of
the first semiconductor chip being electrically connected to the substrate;
a second semiconductor chip having an active surface and a non-active
surface, the non- active surface of the second semiconductor chip being
attached to a top surface of the substrate  by a layer of adhesive
therebetween, and the active surface of the second semiconductor chip
being electrically connected to the substrate; and an encapsulant material
covering the first and second semiconductor chips and their  associated
electrical connections, the encapsulating material filling the at least one
gap between  the plurality of adhesive portions and thereby encapsulating
the second semiconductor chip and  its associated electrical connection.
16 9. The semiconductor package of claim 8, wherein the substrate has a
cavity that extends  partially from the top surface of the substrate toward
the bottom surface of the substrate. 10 The semiconductor package of
claim 9, wherein the non-active surface of the second  semiconductor chip
is attached to a floor of the cavity. 11. The semiconductor package of
claim 10, wherein the active surface of the second  semiconductor chip is
electrically connected to the top surface of the substrate. 
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 (d) electrically connecting active surfaces of the first and semiconductor chips to the 

substrate; and 

 (e) covering the first and second semiconductor chips and their associated electrical 

connections with an encapsulant material, wherein during encapsulation, the at least one gap 

between the adhesive portions allows the encapsulant material to fill the space between the 

substrate and the first semiconductor chip to encapsulate the second semiconductor chip and its 

associated electrical connection. 

 

16. The method of claim 15, wherein step (d) comprises electrically connecting the first and 

second semiconductor chips to the substrate using bond wires. 

 

17. The method of claim 15, wherein in step (c) the second semiconductor chip has a smaller 

surface area than the first semiconductor chip. 

 

18. The method of claim 15, wherein step (a) comprises: 

 (a1) providing the top surface of the substrate with a hole positioned below the first 

semiconductor chip. 

 

19. The method of claim 18, wherein step (c) comprises attaching a non-active surface of the 

second semiconductor chip to the non-active surface of the first semiconductor chip and step (d) 

comprises electrically connecting an active surface of the second semiconductor chip to the 

bottom surface of the substrate through the hole. 

 

20. The method of claim 15, further comprising: 

 (f) attaching a third semiconductor chip to the active surface of the first 

semiconductor ship by a layer of adhesive. 

12. The semiconductor package of claim 10, wherein the active surface of
the second  semiconductor chip is electrically connected to the floor of the
cavity. 13. The semiconductor package of claim 8, further comprising a
third semiconductor chip  attached to the active surface of the first
semiconductor chip by a layer of adhesive. 14. The semiconductor
package of claim 9, wherein said first semiconductor chip does not  fully
cover the cavity. 15. A method of manufacturing a semiconductor package
comprising: (a) providing a plurality of adhesive portions on a top surface
of a substrate, the  plurality of adhesive portions arranged in a manner to
create at least one gap between the  adhesive portions; (b) attaching a
non-active surface of a first semiconductor chip to the adhesive  portions
on the top surface of the substrate; (c) attaching a non-active surface of a
second semiconductor chip to the non-active  surface of the first
semiconductor chip using a layer of adhesive therebetween; 17 (d)
electrically connecting active surfaces of the first and semiconductor chips
to the  substrate; and (e) covering the first and second semiconductor
chips and their associated electrical  connections with an encapsulant
material, wherein during encapsulation, the at least one gap  between the
adhesive portions allows the encapsulant material to fill the space
between the  substrate and the first semiconductor chip to encapsulate
the second semiconductor chip and its  associated electrical connection.
16. The method of claim 15, wherein step (d) comprises electrically
connecting the first and  second semiconductor chips to the substrate
using bond wires. 17. The method of claim 15, wherein in step (c) the
second semiconductor chip has a smaller  
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21. The method of claim 18, wherein step (c) comprises attaching the second semiconductor 

chip within the opening and step (d) comprises electrically connecting an active surface of the 

second semiconductor chip to the top surface of the substrate. 

 

22. A method of manufacturing a semiconductor package comprising: 

 (a) providing a plurality of adhesive portions on a top surface of a substrate, the 

plurality of adhesive portions arranged in a manner to create at least one gap between the 

adhesive portions; 

 (b) attaching a non-active surface of a first semiconductor chip to the adhesive 

portions on the top surface of the substrate; 

 (c) attaching a non-active surface of a second semiconductor chip a top surface of the 

substrate using a layer of adhesive therebetween; 

 (d) electrically connecting active surfaces of the first and semiconductor chips to the 

substrate; and 

 (e) covering the first and second semiconductor chips and their associated electrical 

connections with an encapsulant material, wherein during encapsulation, the at least one gap 

between the adhesive portions allows the encapsulant material to fill the space between the 

substrate and the first semiconductor chip to encapsulate the second semiconductor chip and its 

associated electrical connection. 

 

23. The method of claim 22, wherein step (a) comprises: 

 (a1) providing the top surface of the substrate with a cavity positioned below the first 

semiconductor chip, the cavity extending at least partially from the top surface of the substrate 

toward the bottom surface of the substrate. 

 

surface area than the first semiconductor chip. 18. The method of claim
15, wherein step (a) comprises: (al) providing the top surface of the
substrate with a hole positioned below the first  semiconductor chip. 19.
The method of claim 18, wherein step (c) comprises attaching a
non-active surface of the  second semiconductor chip to the non-active
surface of the first semiconductor chip and step (d)  comprises electrically
connecting an active surface of the second semiconductor chip to the
bottom surface of the substrate through the hole. 20. The method of claim
15, further comprising: (f) attaching a third semiconductor chip to the
active surface of the first  semiconductor ship by a layer of adhesive. 18
21. The method of claim 18, wherein step (c) comprises attaching the
second semiconductor  chip within the opening and step (d) comprises
electrically connecting an active surface of the  second semiconductor
chip to the top surface of the substrate. 22. A method of manufacturing a
semiconductor package comprising: (a) providing a plurality of adhesive
portions on a top surface of a substrate, the  plurality of adhesive portions
arranged in a manner to create at least one gap between the  adhesive
portions; (b) attaching a non-active surface of a first semiconductor chip to
the adhesive  portions on the top surface of the substrate; (c) attaching a
non-active surface of a second semiconductor chip a top surface of the
substrate using a layer of adhesive therebetween; (d) electrically
connecting active surfaces of the first and semiconductor chips to the
substrate; and 
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24. The method of claim 23, wherein step (c) comprises attaching a non-active surface of the 

second semiconductor chip to a floor of the cavity and step (d) comprises electrically connecting 

an active surface of the second semiconductor chip to the floor of the cavity. 

 

25. The method of claim 22, further comprising: 

 (f) attaching a third semiconductor chip to the active surface of the first 

semiconductor ship by a layer of adhesive. 

 

(e) covering the first and second semiconductor chips and their associated
electrical  connections with an encapsulant material, wherein during
encapsulation, the at least one gap  between the adhesive portions allows
the encapsulant material to fill the space between the  substrate and the
first semiconductor chip to encapsulate the second semiconductor chip
and its  associated electrical connection. 23. The method of claim 22,
wherein step (a) comprises: (al) providing the top surface of the substrate
with a cavity positioned below the first  semiconductor chip, the cavity
extending at least partially from the top surface of the substrate  toward
the bottom surface of the substrate. 19 24. The method of claim 23,
wherein step (c) comprises attaching a non-active surface of the  second
semiconductor chip to a floor of the cavity and step (d) comprises
electrically connecting  an active surface of the second semiconductor
chip to the floor of the cavity. 25. The method of claim 22, further
comprising: (f) attaching a third semiconductor chip to the active surface
of the first  semiconductor ship by a layer of adhesive. 20 




