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(57) ABSTRACT

A stackable FBGA package 1s configured such that conduc-
tive elements are placed along the outside perimeter of an
integrated circuit (IC) device mounted to the FBGA. The
conductive elements also are of suificient size so that they
extend beyond the bottom or top surface of the IC device,
including the wiring iterconnect and encapsulate matenal,
as the conductive elements make contact with the FBGA
positioned below or above to form a stack. The IC device,
such as a memory chip, 1s mounted upon a first surface of a
printed circuit board substrate forming part of the FBGA.
Lead wires are used to attach the IC device to the printed
board substrate and encapsulant 1s used to contain the IC
device and wires within and below the matrix and profile of
the conductive elements.
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1
STACKABLE BALL GRID ARRAY PACKAGE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

RELATED REISSUE APPLICATIONS
10

Morve than one reissue application has been filed for the
reissue of U.S. Pat. No. 6,738,263. The reissue applications
are U.S. application Ser. No. 09/944,512, filed Aug. 30, 2001,
now U.S. Pat. No. 6,549,421, issued Apr. 15, 2003, which is a
continuation of U.S. application Ser. No. 09/416,249, filed 1>
Oct. 12, 1999 now U.S. Pat. No. 6,331,939, issued Dec. 18,
2001, which is a divisional of US. application Ser. No.
09/072,101, filed May 4, 1998, now U.S. Pat. No. 6,072,233,

issued Jun. 6, 2000.
20

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation reissue application of

U.S. application Ser. No. 10/222,243, filed Aug. 16, 2002, now 25
US. Pat. No. 6,738,263, issued May 18, 2004, which 1s a
continuation of U.S. application Ser. No. 09/944,512, filed
Aug. 30, 2001, [pending] now U.S. Pat. No. 6,549,421, issued
Apr. 15, 2003, which 1s a continuation of U.S. application Ser.
No. 09/416,249, filed Oct. 12, 1999, now U.S. Pat. No. 6,331, 30
939, 1ssued Dec. 18, 2001, which 1s a divisional of U.S.
application Ser. No. 09/072,101, filed May 4, 1998, now U.S.
Pat. No. 6,072,233, 1ssued Jun. 6, 2000.

BACKGROUND OF THE INVENTION 35

The present invention relates generally to packaging semi-
conductor devices and, more particularly, the present mven-
tion relates to fine ball grid array packages that can be stacked
to form highly dense components. 40

Ball grid array (BGA) semiconductor packages are well
known 1n the art. BGA packages typically comprise a sub-
strate, such as a printed circuit board, with a semiconductor
die mounted on the top side of the substrate. The semicon-
ductor die has a multitude of bond pads electrically connected 45
to a series of metal traces on the top side of the printed circuit
board. The connection between the bond pads and the metal
traces 1s provided by wire bonds electrically and mechani-
cally connected between the two. This series of metal traces 1s
connected to a second series of metal traces on the underside 50
of the printed circuit board through a series of vias. The
second series of metal traces each terminate with a connect
contact pad where a conductive element 1s attached. The
conductive elements can be solder balls or conductive filled
epoxy. The conductive elements are arranged in an array 55
pattern and the semiconductor die and wire bonds are encap-
sulated with a molding compound.

As chip and grid array densities increase, the desire 1n
packaging semiconductor chips has been to reduce the overall
height or profile of the semiconductor package. The use of 60
BGAs has allowed for this reduction of profile as well as
increased package density. Density reduction has been
achieved by utilizing lead frames, such as lead-over chips, 1n
order to increase the densities as well as to branch out 1nto
being able to stack units one on top another. 65

One example of a lead chip design 1n a BGA package 1s
shown 1n U.S. Pat. No. 5,668,405, 1ssued Sep. 16, 1997. This

2

patent discloses a semiconductor device that has a lead frame
attached to the semiconductor chip. Through holes are pro-
vided that allow for solder bumps to connect via the lead
frame to the semiconductor device. This particular reference
requires several steps of attaching the semiconductor device
to the lead frame, then providing sealing resin, and then
adding a base film and forming through holes 1n the base film.
A cover resin 1s added before solder bumps are added 1n the
through holes to connect to the lead frame. This particular
structure lacks the ability to stack devices one on top another.

U.S. Pat. No. 5,677,566, 1ssued Oct. 14, 1997, and com-
monly assigned to the assignee of the present invention, dis-
closes a semiconductor chip package that includes discrete
conductive leads with electrical contact bond pads on a semi-
conductor chip. The lead assembly 1s encapsulated with a
typical encapsulating material and electrode bumps are
formed through the encapsulating material to contact the
conductive leads. The electrode bumps protrude from the
encapsulating material for connection to an external circuit.
The semiconductor chip has the bond leads located 1n the
center of the die, thus allowing the conductive leads to be
more readily protected once encapsulated 1n the encapsulat-
ing material. Unfortunately, this particular assembly taught in
the *566 patent reference also lacks the ability to stack one
semiconductor device on top another.

Attempts have been made to stack semiconductor devices
in three dimensional itegrated circuit packages. One such
design 1s disclosed in U.S. Pat. No. 5,625,221, 1ssued Apr. 29,
1997. This patent discloses a semiconductor package assem-
bly that has recessed edge portions that extend along at least
one edge portion of the assembly. An upper surface lead 1s
exposed therefrom and a top recess portion 1s disposed on a
top surface of the assembly. A bottom recess portion 1s dis-
posed on the bottom surface of the assembly such that when
the assembly 1s used 1n fabricating a three-dimensional inte-
grated circuit module, the recessed edge portion accommo-
dates leads belonging to an upper semiconductor assembly to
provide electrical interconnection therebetween. Uniortu-
nately, the assembly requires long lead wires from the semi-
conductor chip to the outer edges. These lead wires add harm-
ful inductance and unnecessary signal delay and can form a
weak link 1n the electrical interconnection between the semi-
conductor device and the outer edges. Further, the device
profile 1s a sum of the height of the semiconductor die, the
printed circuit board to which 1t 1s bonded, the conductive
clements, such as the solder balls, and the encapsulant that
must cover the die and any wire bonds used to connect the die
to the printed circuit board. So, reducing the overall profile 1s
difficult because of the geometries required 1n having the lead
pads on the semiconductor chip along the outer periphery
with extended lead wires reaching from the chip to the outer
edges.

Another stacked arrangement of semiconductor devices on
a substrate interconnected by pins 1s 1llustrated 1n U.S. Pat.
Nos. 5,266,912 and 5,400,003. However, the height of the
stacked package 1s limited by the length of the pin connec-
tions between the individual multi-chip modules or printed
circuit boards.

Accordingly, what 1s needed 1s a ball grid array package
that allows stacking of packages on one another. This stack-
able package would have a lower profile than otherwise pro-
vided 1n the prior art and would reduce the number of steps in
the assembly of the package.

SUMMARY OF THE INVENTION

According to the present mnvention, a stackable fine ball
orid array (FBGA) package 1s disclosed that allows the stack-
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ing of one array upon another. This stackable FBGA package
1s configured such that conductive elements are placed along

the outside perimeter of a semiconductor device (integrated
circuit (IC) device) mounted to the FBGA. The conductive
clements also are of sulficient size so that they extend beyond
the bottom or top surface of the IC device. Wire interconnect
connects the IC device in a way that does not increase the
overall profile of the package. Encapsulating material pro-
tects both the IC device and the wire interconnect as the
conductive elements make contact with the FBGA positioned
below or above to form a stack. The IC device, such as a
memory chip, 1s mounted upon a first surface of a printed
circuit board substrate forming part of the FBGA. Lead wires,
or wire interconnect, are used to attach the IC device to the
printed circuit board substrate and an encapsulant 1s used to
contain the IC device and wires within and below the matrix
and profile of the conductive elements.

Additionally, certain pins on the FBGA 1n the stack require
an 1solated connection to the PC board. An example of such a
requirement 1s when an activation signal for a particular IC
device within the stack must be sent solely to that device and
not to any of the other devices within the stack. This 1solated
connection connects to an adjacent ball on a different FBGA
stack above or below that particular 1solated connection since
in common pin layouts of the devices are stacked together,
and each device requires an 1solated connection to the PC
board. This provides for a stair step connection from the
bottom of the FBGA stacked array to the top that allows each
device, Irom the bottom one to the top one, to have an 1solated
connection from each other. This allows IC devices to be
stacked one upon the other while maintaining a unique pin out
for each pin required 1n the stack.

Further, the FBGA of the present invention keeps the wire
lengths between the IC device and the conductors of the PC
board to a mimmimum for the control of the impedance of the
conductors.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 depicts a schematic cross-sectional representation
of a stacked array of FBGAs according to the present imnven-
tion;

FIG. 2 depicts a top plan view of a representative circuit
board as used 1n the array of FIG. 1;

FI1G. 3 depicts a perspective view of a printed circuit board
having traces connected one to another with vias and contact
through holes;

FIG. 4 depicts a perspective view of a pair of different
printed circuit boards having an electrical connection extend-
ing from one location on one board to another location on the
second board;

FIG. 5 depicts a perspective view of multiple PC boards
interconnected 1n a manner according to the present mven-
tion;

FIG. 6 1s an alternative embodiment of a stackable array
according to the present invention;

FIG. 7 depicts another embodiment where the ball grid
array matrix extends below the semiconductor device;

FIG. 8 depicts a bottom plan view of an FBGA device
found 1n FIG. 1;

FI1G. 9 1s a schematic diagram of a view of a printed circuit
board having a mounted IC with wire leads attaching the bond
pads of the IC to the bond pads of the printed circuit board;

FIG. 10 1s a cross-sectional view of a portion of a printed
circuit board 1llustrating the pin and connection therebe-
ftween,
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FIG. 11 1s a cross-sectional view of portions of printed
circuit boards 1llustrating the pins and connections therebe-

tween; and

FIG. 12 1s a block diagram of an electronic system incor-
porating the FBGA module of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

Referring to drawing FI1G. 1, 1llustrated 1n a cross-sectional
view 1s a plurality of fine ball grid array (FBGA) packages 10
in a stacked arrangement. Each FBGA package 10 1s stacked
one upon another via a matrix of conductive elements or
solder balls 28 having a first height. Each FBGA package 10
includes a substrate 12 that has conductive traces formed both
on the top surface and the bottom surface. Substrate 12 may
be formed from an organic epoxy-glass resin base material,
such as bismaleimide-triazin (BT) resin or FR-4 board, but 1s
not limited thereto. Other carrier substrate materials well
known to those skilled in the art may also be utilized instead,
such as, for example, either a ceramic or silicon substrate.

FBGA package 10 further comprises an integrated circuit
or semiconductor die 14 attached to a die attach pad 16
tformed on the upper surface of substrate 12. Semiconductor
die 14 1s attached to die attach pad 16 using a dielectric
adhesive that 1s nonconductive and has a thermal coefficient
of expansion (T'CE) that closely matches that of the semicon-
ductor die 14. The adhesive can be any type of epoxy resin or
other polymer adhesives typically used for such purposes.
Alternately, the die attach pad 16 may be formed of double
sided, adhesively coated tape, such as an adhesively coated
Kapton™ tape or the like. The semiconductor die 14 1is
formed having a plurality of bond pads 18 that 1s formed on
the active surface thereol which mates with die attach pad 16
of the substrate 12. Each bond pad of the plurality of bond
pads 18 aligns with a corresponding aperture 24 1n substrate
12. Each bond pad of the plurality of bond pads 18 1s electri-
cally connected to terminal pads 20 that are on the surface of
substrate 12. Wire bonds 22 are used to form the connections
between the plurality of bond pads 18 on the semiconductor
die 14 and the terminal pads 20 of the substrate 12 wherein the
wire bonds 22 pass through an aperture 24 formed 1n the
substrate 12. A portion of semiconductor die 14 where the
bond pads 18 are located, along with the cavity formed by
aperture 24, 1s covered by an encapsulating material 26.
Encapsulating material 26 covers or seals bond pads 18, ter-
minal pads 20, and wire bonds 22 to protect them from dust,
moisture, and any incidental contact. The encapsulating
material 26 has a second height, the second height being less
than the first height of the conductive elements 28.

Conductive elements 28 are attached or bonded to conduc-
tive traces 30 (see FIG. 2) of substrate 12. Conductive ele-
ments 28 may be selected from acceptable bonding sub-
stances such as solder balls, conductive or conductor-filled
epoxy, and other substances known to those skilled 1n the art.
The conductive elements 28, which, for example, are solder
balls, may be attached, as 1s known 1n the art, by coating the
solder balls or bond areas or both with flux, placing the solder
balls 28 on the conductive traces 30 with conventional ball
placing equipment and reflowing the balls 1n place using an
inirared or hot air reflow process. The excess flux 1s then
removed with an appropriate cleaning agent. In this way, the
solder balls 28 are electrically and mechanically connected to
the conductive leads to form the external electrodes. Other
processes may also be used to form external electrodes. For
example, the electrodes may be “plated up” using conven-
tional plating techniques rather than using solder balls as
described above. The completed FBGA packages 10 can then
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be attached to a printed circuit board or the like using con-
ventional surface mount processes and equipment. Likewise,
cach FBGA package 10 can be mounted one on top another,
stacked, as 1s 1llustrated in drawing FI1G. 1. Solder balls 28
may have a diameter of approximately 0.6 mm with a pitch P
that 1s 0.80 mm. The profile for each FBGA package 10, as
measured from the bottom of solder balls 28 to the top of the
semiconductor die, may range from 1.0 mm to 1.22 mm.

Next, as illustrated in drawing FI1G. 2, 1s a top plan view of
the bottom surface of substrate 12. This bottom surface
includes pass-through aperture 24 where the wire bonds (not
shown) are attached to terminal pads 20. Each terminal pad 20
1S connected to a metal conductive trace 30, which further
connects to a conductive element pad 32. Conductive element
pads 32 are placed on either side of substrate 12 and are
located where the conductive elements 28 of drawing FIG. 1
are mounted. Additionally, as conductive element pads 32 are
placed on the opposite side of substrate 12, they provide a
pass-through connection for the stacking of FBGA packages
10 as shown in drawing FIG. 1. Conductive traces 30 are
clectrically connected to conductive traces on the opposite
side (not shown) using vias 34. Conductive traces 30 may be
comprised of electrically conductive material such as copper
or copper plated with gold. While conductive traces 30 are
illustrated 1 drawing FIG. 2 on the top and bottom of the
substrate 12, other conductive traces 30 (not shown) may be
located 1n the substrate 12 along with other vias 34 therein and
conductive element pads 32 1n addition to those illustrated.
Depicted 1in drawing FIG. 3 1s a perspective view of a three
dimensional drawing of how conductive traces 30 may be laid
out on both the top surface and bottom surface of substrate 12.
Additionally, the conductive element pads 32 are also shown
to provide connection on either side of substrate 12. Conduc-
tive traces 30 are on both sides connected using vias 34 as well
as the conductive elements pads 32. The conductive traces 30
are also connected to terminal pads 20. The aperture 24
through substrate 12 may be any desired size 1n relation to the
semiconductor die 14 as may be necessary. Also, the substrate
12 may have portions thereof removed after the mounting of
the semiconductor die 14 thereon.

Depicted 1n drawing FIG. 4 1s an expanded view of the
three-dimensional arrangement of substrates 12 achieved
using the pass-through holes or vias 34 in conjunction with
conductive traces 30 of the substrates 12 to form a stacked
arrangement. A first substrate 12 1s provided to connect to a
second substrate 42. The connection occurs at conductive
clement pad 32 on substrate 12 and a like conductive element
pad 44 on second substrate 42. Next, conductive element pad
44 on second substrate 42 connects to a conductive trace 30 on
the surface of second substrate 42, which then passes from
one side of second substrate 42 using via 34 to connect to a
bond pad on the opposite side of second substrate 42. Refer-
ring to drawing FIG. 5, depicted 1s the manner 1n which the
stepping ol conductive traces can continue to yet another
level. Reterring to drawing FIG. S, depicted 1s a third con-
ductive substrate 52 placed below substrate 12 having addi-
tional conductive element pads 32 on either side thereot that
provide connection to the adjacent substrate 12, which then,
in turn, provides connection to second substrate 42. The
arrows represent the plane connection on semiconductor
packages yet to be added.

Referring to drawing FIG. 6, depicted 1s an alternative
embodiment of the invention where a semiconductor die 14 1s
mounted on the upper surface of substrate 12. Wire bonds 22
are then used to connect the bond pads 18 on the active surface
of the semiconductor die 14 to the terminal pads 20 of sub-
strate 12. Encapsulating material 26 1s then provided to cover
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the semiconductor die 14, wire bonds 22, bond pads 18 and
terminal pads 20. Next, conductive e¢lements 28 are then
mounted on the upper surface of substrate 12 around the
perimeter of semiconductor die 14. As illustrated, this
arrangement allows the stacking of multiple die packages 60.
It 1s understood that the substrate 12 includes circuitry and
vias (not shown) as described hereinbefore in drawing FIGS.
2 through 3.

A third embodiment of the present invention is depicted 1n
drawing FI1G. 7. Referring to drawing FIG. 7, shown 1n a
cross-sectional diagram i1s the manner in which a semicon-
ductor die 14 can extend near to the peripheral edges of
substrate 12. In this case, conductive elements 28 are no
longer outside the perimeter of semiconductor die 14. Again,
wire bonds 22 mterconnect bond pads 18 of the semiconduc-
tor die 14 to terminal pads 20 on substrate 12. Encapsulating
material 26 1s utilized to cover the aperture 24, the bond pads
18, terminal pads 20, and wire bonds 22. This particular
arrangement of the substrate 12 and semiconductor die 14
may be used as either a bottom level or as a top level 1n a
stacked array, typically, with the use of an interposer.

Referring to drawing FI1G. 8, depicted 1s a bottom plan view
of a semiconductor package 10 as illustrated 1n drawing FIG.
1. In this example, substrate 12 has a plurality of solder balls
28 mounted along the perimeter of semiconductor die 14,
which 1s shown 1n outline form. The conductive elements 28
form a connective matrix for connecting to the top surface of
another substrate 12 or to the top surface of a carrier substrate
that provides external electrical connectivity for the module.
Encapsulating material 26 covers the wire leads and bonding
pads on either substrate 12 or semiconductor die 14.

Referring to drawing FIG. 9, 1llustrated 1s a schematic
diagram of a sample pin and trace layout having 1solated
connection pads used to connect to the conductive elements
28. As shown, semiconductor die bond pads 18 are aligned 1n
a row down the center of the semiconductor die 14. Wire
bonds 22 interconnect bond pads 18 of the semiconductor die
14 to the terminal pads 20 of the substrate 12. From terminal
pads 20, conductive traces 30 interconnect conductive ele-
ments 28. As can be seen, selected conductive elements 28
have no connection to any of the conductive traces 30 or
terminal pads 20 on the substrate 12. These conductive ele-
ment areas, grouped as 29 and 31, illustrate how certain
connections are 1solated from that particular semiconductor
die 14 mounted on that particular substrate 12. These 1solated
conductive element areas 29 and 31 allow interconnection
among other packages 10 (not shown) stacked one on top of
the other within the stacked package arrangement of drawing,
FIG. 1. The use of selected 1solated pins allows for each
semiconductor die 14 within the stacked array of packages 10
to have a unmique pin out for selected pins on each layer of
packages 10. For example, 1n a memory package of like
semiconductor dies 14 stacked in an array, each semiconduc-
tor die 14 requires a select pin that 1s separate from all other
select pins of the other semiconductor dies 14 within the array
and that connects to a unique pin in the final pin out configu-
ration. The stackable BGA packages are useful in many types
of electronic systems including SDRAM, EDO RAM, video
RAM, cache memory, and Read-Only Memory (ROM), as
well as microprocessors, application specific integrated cir-
cuits (ASIC), digital signal processors, flash memories, elec-
trically erasable programmable read only memory (EE-
PROM), among others.

Referring to drawing FIG. 10, a connection terminal 100 1s
illustrated of substrate 12 having conductive traces 30 thereon
and therein. The substrate 12 includes conductive traces 30
and an isulator material therebetween, thereby providing the
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ability of controlling the impedance of the conductive traces
30 having semiconductor die 14 connected thereto by wire
bonds 22. The connection terminals 127 include a connection
pin 141 which 1s connected to one of the conductive traces 30.
Circuitry 1n intermediate layers of the substrate 12 extend
through apertures 24 1n order to permit all connections of the
connection pins 141 to be effected through the top of the
substrate 12. The terminals include a shield 143, which 1s
separated from the connection pin 141 by an 1solation spacer
145. The 1solation spacer 145 may be of any matenal, prel-
erably a dielectric, provided that the i1solation spacer 143
permits impedance matched connection through the connec-
tion terminals 127. Impedance matching 1s commonly used
for signal transfer applications in which the impedance
between signal carrying conductors 1s a predetermined value
per unit length. Changes 1n length will result in proportional
(inverse) changes 1n 1mpedance, but not changes in the
impedance expressed per unit length. The consistent imped-
ance per unit length, colloquially referred to as “impedance
value,” results 1n signal matching. This 1s of 1interest as oper-
ating frequencies exceed those at which unmatched circuits
are elfective. The use of impedance matched conductors 1n
the present invention of the conductive traces 30, wire bonds
22, and connection terminals 127 therefore facilitates the
fabrication of circuits which are inherently impedance
matched as desired. Matched impedance 1s thereby able to
reduce spurious signals between semiconductor dies 14,
reduce circuit discontinuities, and allow connection circuitry
to be designed while controlling the establishment of critical
timing paths between components, such as semiconductor
dies 14.

Referring to drawing FIG. 11, the connection terminals
127 permit the stacking of the substrate 12 with connections
formed by connection pins 141.

Referring to drawing FI1G. 12, depicted 1s an electronic
system 130 that includes an iput device 132 and an output
device 134 coupled to a processor device 136, which, in turn,
1s coupled to a memory module 138 incorporating the exem-
plary stackable FBGA package 10 and various embodiments
thereot as 1llustrated 1n drawing FIGS. 1 through 9. Likewise,
even processor device 136 may be embodied 1n a stackable
array package 10 comprising a microprocessor, a first level
cache memory, and additional ICs, such as a video processor,
an audio processor, or a memory management processor, but
not limited thereto.

There has been shown and described a novel semiconduc-
tor chip package that i1s stackable and has a lower profile over
that of the prior art. The particular embodiments shown 1n the
drawings and described herein are for purposes of example
and are not to be construed to limit the mnvention as set forth
in the pending claims. Those skilled 1n the art may know
numerous uses and modifications of the specific embodi-
ments described without departing from the scope of the
invention. The process steps described may, 1n some
instances, be formed 1n a different order or equivalent struc-
tures and processes may be substituted for various structures
and processes described.

What 1s claimed 1s:

[1. A computer system having an input device, an output
device, a processor connected to said mput device and said
output device, and a memory connected to said processor,
comprising;

saild memory comprising a memory module connected to

said processor, said memory module including:
a ball grid array, comprising:
a printed circuit board substrate having a first surface,
a second surface, and an aperture, said first surface
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including a plurality of conductive element pads, at
least one conductive element pad on said second
surface and at least one terminal pad on said second
surface;

a memory semiconductor device-mounted within a
first perimeter of said first surface of said printed
circuit board substrate and having at least one bond
pad;

at least one wire bond connected to said at least one
bond pad on said memory semiconductor device
and said at least one terminal pad on said second
surface of said printed circuit board substrate while
passing through said aperture;

a material placed along said aperture, on said at least
one bond pad, said at least one terminal pad, and

said at least one wire bond, forming a first profile
height; and

a plurality of conductive elements, mounted along a
second perimeter of said second surface, said sec-
ond perimeter being greater than said first perim-
cter, and coupled to said at least one conductive
clement pad on said second surface, said plurality
of conductive elements having a second profile
height greater than said first profile height.]

[2. The computer system according to claim 1, wherein a
first part of each conductive element of said plurality of con-
ductive elements aligns 1n a first parallel row having a first
pitch spacing.}

[3. The computer system according to claim 2, wherein a
second part of each conductive element of said plurality of
conductive elements aligns 1n a second parallel row having a
second pitch spacing.]

[4. The computer system according to claim 1, wherein
said material has a second profile height less than said first
profile height.]

[5. The computer system according to claim 1, wherein
said at least one conductive element pad 1s connected to said
at least one bond pad through said printed circuit board sub-
strate. }

[6. The computer system according to claim 1, wherein at
least one conductive element of said plurality of conductive
elements is isolated.}

7. A method of forming a stacked semiconductor assembly,
COmMprising:

providing a plurality of semiconductor substrates each

having a first surface, a second surface, at least one
aperture, a plurality of terminal pads on the second
surface adjacent the at least one aperture, the terminal
pads coupled to conductive element pads on the second
surface by conductive traces on the second surface, and
a plurality of conductive element pads on the second
surface;

mounting a rvespective semiconductor die having a perim-

eter on the first surface of each of the semiconductor
substrates, the semiconductor dies having bond pads on
a front surface disposed on the first surface of the respec-
tive substrates, the bond pads overlyving the at least one
aperture in the vespective substrates;

connecting at least one bond pad of each of the semicon-

ductor dies to at least one of the conductive element pads
on the second surface of the respective substrate by
connecting one end of a bond wire to a bond pad, extend-
ing the bond wirve through the at least one aperture, and
connecting the opposite end of the bond wire to one of
the tevminal pads on the second surface on the respec-
tive substrates;



US RE43,112 E

9

covering the bond wires and the portion of the semicon-
ductor dies overlying the at least one aperture of each
substrate with an encapsulant material, the encapsulant
material being disposed in the aperture and projecting
beyond the second surface of the respective semiconduic-
tor substrate at a first profile height;

providing a plurality of conductive elements mounted on

the conductive element pads on the second surface of

each substrate, the conductive element pads forming a
second perimeter on the substrate that is greater than a
fivst perimeter, the conductive elements having a second
profile height with respect to the second surface of the
respective substrate that is greater than the first profile
height, wherein the encapsulant material at the first
profile height projects beyond the second surface of the
semiconductor substrate such that the encapsulant
material is substantially colinear with pairs of the con-
ductive elements that ave aligned with a central portion
of the second perimeter; and

aligning each of the semiconductor substrates in the plu-

rality and positioning the substrates one atop the other
such that the conductive elements mounted on the sec-
ond surface of a first semiconductor substvate of the
plurality aligns with and couples to the conductive ele-
ment pads on the first surface of a second semiconductor
substrate of the plurality of substrates, to form a verti-
cally stacked assembly.

8. The method of forming the stacked semiconductor
assembly of claim 7, whevein providing a plurality of conduc-
tive elements further comprises providing solder balls.

9. The method of forming the stacked semiconductor
assembly of claim 7, wherein mounting a semiconductor die
Jurther comprises forming a die attach pad on the first surface
of each of the plurality of semiconductor substrvates for
receiving the respective semiconductor die.

10. The method of claim 9, wherein forming a die attach
pad further comprises forming an epoxy layer that is a dielec-
tric.

11. The method of claim 9, wherein forming a die attach
pad further comprises forming a laver of adhesive and tape
wherein the tape is a dielectric.

12. The method of claim 11, wherein providing the tape
further comprises providing a tape with an aperture that
aligns with the aperture in the substrate.

13. The method of claim 7, wherein mounting the semicon-
ductor dies further comprises providing, for at least one of the
semiconductor dies, a memory device.

14. The method of claim 13, wherein mounting the semi-
conductor dies comprises mounting at least one dynamic
memory device.

13. The method of claim 13, wherein mounting a semicon-
ductor die comprises mounting at least one EPROM device.

16. The method of claim 15, wherein mounting an EPROM

device comprises mounting a FLASH device.
17. The method of claim 7, wherein mounting the semicon-

ductor dies comprises providing a memory device for each of

the semiconductor dies.

18. The method of claim 7, wherein mounting the semicon-
ductor dies further comprises providing semiconductor dies
having bond pads located in the center portion.

19. The method of claim 18, wherein providing the sub-
strates with an aperture comprises providing a substrate with
a centrally located aperture.

20. The method of claim 7, wherein providing the sub-
strates with an aperture comprises providing a substrate with
a centrally located aperture.
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21. A method of forming a substrate for use in a stacked
semiconductor ball grid array assembly, comprising:
providing a substrate having a first surface, a second sur-
Jace, and an aperture, providing a plurality of conduc-
tive element pads on the first and second surfaces, pro-
viding terminal pads located adjacent the aperture on
the second surface, providing conductive traces located
on the second surface and electrically coupled to at least
one of the terminal pads and to at least one of the
conductive elements pads, and providing conductive
vias extending through the substrate and coupling at
least one of the conductive element pads on the first
surface to at least one of the conductive element pads on
the second surface;
disposing a semiconductor die on the first surface of the
substrate, the semiconductor die having a pervimeter that
is less than the pervimeter on the first surface, the semi-
conductor die having bond pads that are placed over the
aperture;
disposing conductive elements on a pervimeter on at least
some of the conductive element pads on the second sur-
Jace and electrically coupling these conductive elements
to at least some of the conductive element pads on the
fivst surface through the conductive vias, the conductive
elements having a conductive element profile height with
vespect to the second surface;
connecting the bond pads of the semiconductor die to at
least one of the terminal pads on the second surface of
the substrate by connecting a first end of a bond wire to
at least one of the bond pads, extending the bond wire
through the aperture, and coupling a second end of the
bond wire to at least one of the terminal pads; and

disposing encapsulant material over the second surface of
the substrate and in the aperture such that the encapsu-
lant material covers the bond wires and a portion of the
semiconductor die exposed by the aperture, the encap-
sulant matevial projecting bevond the second surface of
the substrate at an encapsulant profile height, wherein
the encapsulant profile height is less than the conductive
element profile height,

wherein the encapsulant material projects beyond the sec-

ond surface such that the encapsulant material is sub-
stantially colinear with pairs of the conductive elements
that are aligned with a central portion of the second
perimeter.

22. The method of claim 21, and further comprising dis-
posing conductive elements forming a perimeter on the con-
ductive element pads on the second surface and electrically
coupling to at least one of the terminal pads on the second
surface via the conductive traces on the second surface, the
conductive elements having a conductive element profile
height.

23. The method of claim 21, and further comprising pro-
viding a die attach pad of dielectric material on the first
surface of the substrate and located within the perimeter, the
die attach pad for receiving a semiconductor device with
bond pads to be placed over the aperture in the substrate, the
die attach pad having an opening that aligns with the aperture
in the substrate.

24. The method of claim 21, wherein disposing conductive
elements further comprises forming solder balls on the con-
ductive element pads.

25. The method of claim 21, and further comprising pro-
viding additional conductive element pads on the second
surface which are coupled to conductive element pads on the
first surface, by forming conductive traces on each surface
and coupling the traces to conductive vias through the sub-
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strate, wherein at least some of these additional conductive
element pads provide an electrically isolated path coupling a
conductive element pad on the first surface to a conductive
element pad on the second surface that is electrically isolated
from any terminal pads on the substrate.

26. The method of claim 21, wherein disposing the die on
the first surface of the substrate further comprises forming a
die attach pad on the substrate for receiving the semiconduc-

12

tor die having a thickness and mounting a semiconductor die

on the die attach, the semiconductor die having a thickness,

the combined thicknesses of the semiconductor die and the die

attach pad forming a height with vespect to the first surface of
the substrate that is less than the conductive element profile
height.
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