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STACKABLE SEMICONDUCTOR PACKAGE AND WAFER LEVEL
FABRICATION METHOD

ield of the ion
This invention relates generally to semiconductor
packaging, and specifically to a stackable semiconductor
package having a chip scale outline. This invention alse
relates to a wafer level method for fabricating the package,
and to assemblies incorporating multiple stacked packages.

Background of the Juvention

Decreases in the size of electronic devices,
particularly hand held devices, has led to the development of
smaller semiconductor packages. One type of semiconductor
package is referred to as a chip scale package {CSP). A chip
scale package includes a semiconductor die, and a lead system
for transmitting signals and power to the die. '

The chip scale package has a peripheral outline
{footprint) that is only slightly larger than that of the die
contained in the package (e.g., 1.2 times the die outline).
Typically, the chip scale package includes a substrate, such
as a board or a tape material, which contains the lead system
for the package. The chip scale package can also include a

. casing configured to protect, and to insulate the die and the

lead system.

The present invention is directed to a chip scale
package having an outline that is the same as that of the die_'
which it contains. The package thus possesses a true chip
scale profile. In addition, the lead system for the package
is formed directly on the die, without the requirement of a
separate substrate.

In addition to a chip sized outline, it is advantageous:
for a package to be configured to facilitate assembly in
eleatronic deviceés and electronic systems in dense arrays.
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For example, printed circuit boards, multi chip modules, and

other electronic devices as well, preferably contain multiple
packages in as small an ares as possibla. One technique for
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fabricating electronic devices and systems with dense arrays
of packages is to stack the packages on one another to form a
stacked assembly. This requires that the lead systemé for
all of the packages in a stacked assembly be configured for
interconnection.

The present invention is directed to a chip scale
package having a stackable configuration. As such, a lead
system for the package permits intercomnection of multiple
packages to form a stacked assembly which includes any
desired number of packages. - Further, the package of the
invention iIncludes contacts on both major surfaces, and on
the edges of the package as well, such that connections to
other packages, or to other electronic elements of . a
electronic device or system is facilitated.

Another consideration in the design of chip scale
packages 1s the method for fabricating the packages. The
chip scale package of the present invention can be fabricated
using a wafer level fabrication method that is simple,
reliable and c¢apable of volume manufacture using conventional

equipment.

‘Summary of the Invention

In accordance with the present invention, an improved
stackable semiconductor package, a method for fabricating the
package, and a etacked assembly that includes multn.ple
stacked packages are provided.

The package includes a semiconductor die contaimng
integrated circuits in a desired configuration (e.g., DRAM,
SRAM ‘etc.). The package has peripheral edges, and a
peripheral outline (footprint) that correspond to the edges
and the outline of the die. In addition, the package has a
circuit side ([first side) and a back side (second side) that
correspond to ‘the circuit side and the back side of the die.
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In addition to the die, the package includes circuit
gide stacking pads, and circuit side conductors in electrical
communication with the integrated circuits on the die. The
package also includes back side stacking pads on the back
side, and back side conductors on the back side in electrical
communication with the ¢ircuit side conductors. In addition,
the package includes ¢onductive grooves (castellations) in
one or more edges theresf, configured as interlevel
conductors between the circuit side and the back side of the
package. The plated grooves c¢an also function as edge
contacts for interconnecting multiple packages in a stacked
assembly, or for electrically connecting the package, or the
stacked assembly, to a supporting substrate, such as a
¢ircuit board.

The package also includes stacking contacts, such as °
bumps or balls, formed on the circuit side stacking pads, or
alternately on the back side stacking pads. The stacking
contacks are configured for mating engagement with the
stacking pads on an adjacent stacked package. The stacking
contacts permit multiple packages to be stacked to one
another, with the stacking contacts and the stacking pads on
adjacent packages bonded to one another. In addition, the

package can include external contacts on the back side, such

as bumps or balls, configured to physically and electrically
attach the package, or a stacked assembly, t6 a supporting
substrate.

The method for fabricating the package includes the
initial step of providing a substrate, such as a wafer oxr
portion thereof, which containsg multiple semiconductor dice
separated by spaces. The spaces can be configured as streets
for saw cutting, or otherwise singulating, the dice from the

- substrate into separate packages. The method also includes

the steps of forming circuit side conductors, and circuit
side stacking pads, on the dlice contained on the substrate.
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The circult side cohductors, and the circuit side stacking
pads, can be Fformed. by aeposition and etching of a metal
redistribution layer. 1In addition, the method includes the
step of forming back side conductors, and back side stacking
pads, on the dice contained on the substrate. The back side
cohductors, and the back side stacking pads, can also ba
formed by deposition and etching of a metal redistribution
layer.

The method also includes the step of forming conductive
vias in the substrate in the spaces between the dice. The
conductive vias ¢an be formed by etching openings in the
substrxate, insulating the openings, and then covering the
walls of the openings (or completely filling the openings)
with a condrictive material, such as a metal or a conductive
polymer. The conductive vias are configured such that during

. a singulation step, the dice are singulated into separate

packages, and separate portions of the conductive viag remain
with different packages. The separate portions of the
conductive vias form the conductive grooves in the edges of
the packages.

The method also includes the =teps of forming the
stacking contacts on the stacking pads, and if required,

forming the external contacts on the back side. Prior to the

singulation step, two or more substrates can be stacked to
one another, and the stacking contacts on a first substrate
bonded. to the stacking pads on an adjacent second substrate.
The singulation step ¢an thus be used to form stacked
assemblies that contain any -desired number of stacked

packages.

i intion of i
Figure 1A is an enlarged side elevation view of a
semiconductor package donstructed in accordance with the
invention;



Figure 1B is an enlarged plan view of the package taken -
along line 1B-1B of Figure 1A;

Figure 1C is an enlarged cross sectional view of the
package taken along line 1C-1C of Figure 1B; '

Figure 1D is an enlarged cross sectional view of a
portion of the package taken along line 1D-1D of Figure 1B
illustrating a conductive groove of the package;

Figuré 1E is an enlarded c¢ross sectional view of a
portion of the package taken along line 1E-1E of Figure 1B
illustrating a conductor of the package;

Figure 1F is an enlarged cross sectional view of a
portion of the package taken along line 1F-1F of Figure 1B
illustrating a stacking contact and a stacking pad of the
package; .

Figure 2 ig an enlarged crosg secticnal view 'of a
stacked assenmbly constructed using the package of Figure 1A;

Figure 3 is an enlarged cross sectional view of another
stacked agsenmbly coénstructed using the package of Figure 1A;

Figure 4 is an enlarged c¢ross sectional view of &n
alternate embodiment semiconductor package constructed in

accordance with the invention;
Figure 5 is an enlarged cross sectional view of a

stacked assenbly constructed using the package of Figure 4;

Figure 6 is an enlarged cross sec¢tional view of another
alternate embodiment semiconductor package constructed in
accordance with the invention; '

Figure 7 is an enlarged cross sectional view of a
stacked assembly constructed using the package of Figure 6;

Figure 82 is a plan view of a substrate in the form of a
semiconductor wafer containing semiconductor dice configured
for fabricating packages in accordance with the method of the

invention;



Figure 8B is an enlarged cross sectional view taken
along section line 8B-8B of Figure 8A illustrating adjacent

dice on the substrate;
. Figure 8C is a plan view of the substrate following
forming of redistribution conductors on the dice;

Figure 8D is an enlaxged cross sectional view taken
along section 1line 8D-8D of Figure B8C illustrating the

redistribution conductors;
Figure BE is a plan view of the substrate following

forming of circuit side conductors, circult side stacking
pads and openings for conductive grooves on the dice;

Figure 8F is an enlarged crose sectional view taken
along section line 8F-8F of Figure 8E illustrating the
circuit side ¢onductors, the stacking pads and the openings;

Flgure 8¢ is an enlarged cross sectional view equivalent
to Figure 8F following forming of back side conductors and

back side stacking pads on the dice;
Figure 8H is a bottom view of the wafer taken along line

8H-8H of Figure 8G illustrating the back side conductors and

the back side stacking pads; and .
Figure 8I is a schematic cross gectional view of stacked

substrates containing the completed packages during
singulation to form stacked assenblies.

constructed in accordance with the invention is illustrated.
The package 10 includes a semiconductor die 12, and has a
peripheral outline substantidlly identical to that of the die
12, Accordingly, the package 10 has a true chip outline or

profile.
The die 12 includes a semiconductor substrate 14. (Figure
1F), such as gilicon or gallium arsenide, containing

integrated circuits 16 (Figure 1F) fabricated using well
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known processes. The die 12 can be a conventional
semiconductor device such as a dynamic rapdom access memory
(DRAM) , a synchronous DRAM (SDRAM}, a static random~access
memory (SRAM), an erasable programmable read-only memory
(EPRQM), a logic circuit (LOGIC), or any other semiconductor
device that requires packaging.

The die 12 includes conductive traces 18 (Figure 1F),
and die bond pads 20 (Figure 'lF) in electrical communication
with the integrated circuits 16 (Figure 1F). In addition,
the die 12 includes a die passivation layer 22 (Figure 1F)
formed of an electrically insulating material such as BPSC.
Further, the die 12 includes a plurality of redistribution
conductors 28 (Figure 1F) in electrical communication with
the die bond pads 20 (Figure 1F), and an insulating layer 30
(Figure 1F) on the redistribution conductors 28.

The package 10 has a circuit side 24 (first side ip the

- claims) and a back side 26 {second side in the claims). The .

circuit side 24 of the package 10 is located proximate to the
circuit side of the die 12, and proximate to the integrated
circuits 16 (Plgure 1F) contained on the die 12. The circuit
side 24 of the package 10 is also located proximate to the
die bond pads 20 (Figure 1F), to the conductive traces 18
{Figure 1F), and to the die passivation layer (Figure 1F) of
the die 12. The back side 26 of the package 10 is located

-proximate to the back side of the die 12.

The package 10 also includes a plurality of circuit side
conductors 32, and a plurality of circuit side stacking pads
34 in electrical with the circuit side conductors 32. The
circuit side conductors 32 are formed on the insulating layer
30, and are also in electrical communication with the
redigtribution conductors 28 {Figure 1¥), the die bond pads
20 (Figure 1F) and the integrated'ciicuits 16 (Figure 1F) of
the die 12. The circuit side conductors 32 preferably
comprise a highly conductive metal such as aluminum, copper,



nickel, silver, tungsten, tantalum, palladium, or alloys of
these metals. The circult side stacking pads 34 can comprise
the same metal as the circuit side conductors 32, orx
alternately a non-oxidizing metal such as gold, platinum oxr
alloys of these metals.

The package 10 also includes stacking contacts 36 on the
¢ircuit side stacking pads 34. In the illustrative
embodiment, the stacking contacts 36 comprise metal bumps or
balls formed of a non-oxidizing metal such as gold ox
platinum. As will be Further explained, the stacking
contacts 36 permit multiple packages 10 to be stacked, bonded
and placed in electrical communication with one anothex.

The packdge 10 also includes a plurality of back side
conductoxrs 38, and a plurality of back gide stacking pads 40

" in electrical with the back side conductors 38. The back

side conductors 38 preferably comprise a highly conductive
metal such as aluminum, copper, nickel, silver, tungsten,
tantalum, pallédium, or alloys of these maetals. The bhack
slde stacking pads 40 can comprise the same metal as the back
side conductors 38, or altexmately a non-oxidizing metal such
as gold, platinum or alloys of these metals. In addition,
the back side stacking pads 40 are formed in a pattern that
exactly matches the pattern of the circuit gide stacking pads
34. Thie arrangement permits multiple packages 10 to be
stacked, with the stacking c¢ontacts 36 and the stacking pads
40 on adjacent packages 10 physically bonded, and
alectrically comnected, to one another.

In the illustrative embodiment, the package 10 includes
eight stacking .contacts 36 in a center array, which comprises
a single row located along the center line of the package 10.
However, this arrangement isg merely exemplary, and any other
contact array known in the art ¢an be used to constxruct the
package 10. For example, the stacking contacts 36 can be
arranged in a dense grid array that includes multiple rows



and columns and up to several hundred stacking contacts 36.
As another example, the stacking contacts can be arranged in
a peripheral array along the edges of the package 10.
Whatever array is selected, the stacking contacts 36, the
circuit stacking pads 34 and the back side stacking contacts
40 will have matching identical patterns, and preferably
matching sizes. '

The package 10 also includes a plurality of conductive
grooves 42 (castellations) formed in opposing edges 44, 46 of
the package 10. The conductive grooves 42 are in electrical
communication with the clrcuit side conductors 32, and with
the back side conductors 38, Preferably the conductive
grooves 42 are configured such that pairs of conductive
grooves 42 on the opposing edges 44, 46 are co-linear (i.e.,
located along a common axis=) which facilitates the
fabrication method to be hereinafter described. In additionm,
the conductive grooves 42 preferably include electrically
insulating layers 94 (Figure 8F) which provide electrical
insulation from the substrate 14.

The conductive grooves 42 functiom as interlevel
conductors between the eircuit side conductors 32 and the
back side conductors 38. 1In addition, the conductive grooves
42 can function to interconnect adjacent packages 10 in a
‘stacked assembly. Further, the conductive grooves 42 can
function as edge contacts for electrically copnecting and
inputting signals from the outside to the package 10. The
package 10 can be used for any conventional application, but
is particularly suited to fabricating the stacking assemblies
to be hereinafter described.: In the case whetre the package
10 is mnot stacked, the stacking contacts 36 and' the
conductive grooves 42 can function as external contacts for
the package 10. ) .

Referring to Figure 2, a stacked assembly 50 fabricated
using three packages 10-1, 10-2, 10-3 is illustrated. Each
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of the packages 10-1, 10-2, 10-3 is constructed substantially
as previously described for the package 10 shown in Figures
1a-1F, In addition, although -the stacked assembly 50
includes three packages, any number of packages greater than
two can be used to form a stacked assembly. In the stacked
assembly 50, the package 10-1 is termed the.upper package,
the package 10-2 1is termed the middle package, and the
package 10-3 is termed the lower package.

Still referring to Figure 2, the stacked assembly 50 is
mounted to & supporting substrate 52 such as a printed
circuit board, a mother board, a daughter board, a multi chip
modula substrate, or any other substrate configured as a
component of an alectronic device. The supporting substrate
52 includes a plurality of electrodes 54 configured to
provide physical and electrical comnection points for the
stacked assembly 50, Each electrode 54 aligns with, and is
adapted for mating electrical engagement with, a
corresponding conductive groove 42 on the lower package 10-3.
In addition, conductive fillets 56 physically bond, and
electrically comnect, the conductive grooves 42 on the lower
package 10-3 to the electrodes 54 on the supporting substrate
52. The conductive fillets 56 can comprise a metal, such as
solder, or a conductive polymer material, such as a curable
conductive adhesive. )

Still referring to Figure 2, the stacking contacts 36 on
the lower package 10-3 are bonded to the back side stacking
pads 40 on the middle package 10-2. Similarly, the stacking
contacts 36 on the middle package 10-2 are bonded to the back
side stacking pads 40 on the upper package 10-1. This
arrangement also electrically connects the circuit side
stacking contacts 34 and the conductive grooves 42 on the
packagaes 10-1, 10-2, 10-3 to one another. The stacked
packages 10-1, 10-2, 10-3 in the stacked assembly 50 are thus
electrically interconnected to one another, and to the
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alectrodes 54 on the supporting substrate 52, As will be
hereinafter described, bonding of the stacking contacts 36 to
the back side stacking pads 40 can be accomplished using heat
and pressure.

'~ still referring to Figure 2, the stacked assembly 50
also includes a polymer adhesive layér 58 between the lower
package 10-3 and the middle package 10-2, and a polymer
adhesive laver 60 between tHe middle package 10-2 and the
upper package 10-1. The polymer adhesive 1a3}ers 58, 60
function to physically bond the packages 10-1, 10-2, 10-3 to
one another. In addition, the polymer adhesive layers 58, 60
can comprise an- anisotropic conductive adhesive such that
electrical conductivity between the packages 10-1, 10-2, 10-3
is also provided. Speclfically, an anisotropic conductive
adhesive is electrically conductive in one direction (e.qg..
z-direction) and electricaliy insulating in the other two
orthogonal directions (e.g., x direction and y direction}.
With an anisotropic adhesgive used to construct the polymer
adheslve layers 58, 60 sgeparate electrical paths are
providéd through the polymer adhesive layers 58, 60 and
direct electrical connections are provided between the
conductive grooves 42 on the packages 10-1, 10-2, 10-3.

As previously described, separate electrical connections
are also provided bestween the packages 10-1, 10-2, 10-3 by
the stacking cbnta_cts 36, However, the polymer adhesive
layers 58, 60 also functions as undarfill layers to provide
mechanical bonding between the packages 10-1, 10-2, 10-3, In
addition, the polymer adhesive layers 58, 60 prevent tilting
of the packages 10-1, 10-2, 10~3 during bonding of the
stacking contacts 36 to the back side stacking pads 40.

Referring to Figure 3, a stacked assembly 502 fabricated
using three packages 10A-1, 10A-2, 10A-3 .is illustrated.
Each of the packages 10A-1, 10a-2, 10a-3 1z constructed
substantially as previously described for the package shown
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in Figures 1A-1F. As such, the packages 10A-1, 10A-2, 10A-3
include cireuit side conductdrs 3227, clrecuit side stacking
pads 34A, back side conductors 38a, back side stacking pads
40aA, and conductive grooves 42A configured substantially as
previously described for the equivalent components on package
10. .

However, in this embodiment of the package, the stacking
contacts 36A on a packiage are initially attached to the back
gside stacking pads 404, and then honded to the circuit side
stacking pads 34A on an adjacent package during assembly of
the stacked assembly 50A. In addition, the stacking contacts
36A on the lower package 1l0A-3 are bonded to electrodes 54a
on a supporting substrate 52A. Further, a polymer adhesive
layer 62 attaches the lower package 10A-3 to the supporting
substrate 52A. 8till further, a polymer adhesive layer 64
attaches the middle package 10A-2 to the lower package 10A-3,
and a polymer adhesive layer 66 attaches the upper package
10a~1 to the middle package 10A-2. As with the previousry
described polymer adhesive layers 58, 60, the polymer
adhesive layers 62, 64, 66 can comprise a conductive polymex
such as an anisotropic conductive adhesive.

Referring to Figure 4, an alternate embodiment
semiconductor package 10B is illustrated. fThe semiconductor
package 10B includes circuit side conductors 32B, circuit
side stacking pads 34B, back side conductors 38B, back side
stacking pads 40B, and conductivé grooves 42B configured
substantially as previously described for the equivalent
components on package 10. However, the package 10B also
includes external contact pads, 688 and external contacts 70B.
The extermal contacts: 70B can comprise bumps or balls made of
an electrically conductive bondable material such as solder,
gold, silver, nickel, copper or a conductive polymer. -The
external contact pads 68B and the external contacts 70B are
in electrical communication with the back side conductors
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38B, with the back side stacking pads 40B, with the
conductive grooves 42B, with the circuit side conductors 32B
and with the c¢ircuit side stacking pads 34B. The external

" contacts 70B function as bonding contacts for bonding the

package 10B to a supporting substrate, and also as electrical

connection points from the outside to the package 10B.
Referring to Figure 5, a stacked assembly 50B fabricated

using three packages 10B-1, 10B-2, 10B-3 is illustrated.

.Bach of the packages 108-1, 10B-2, 10B-3 is. constructed

substantially as previously described for the package 10B
shown in Figure 4. However, in this embodiment the external

contacts 70B on the lower package iOB-B are bohded to

electrodes 54B on a supporting substrate 52B. In addition,
the stacking contacts 36B on the lower package 10B-3 are
bonded to the back side stacking pads 40B on the middle
package 10B~2. Further, the stacking contacts 36B on the
middle package 10B-2 are bonded to the back side stacking
pads 40B on the upper package 10B-~1. still further, a
polymer adhesive layer 72 attaches the lower package 10B-3 to
the middle package 10B-2, In addition, a polymer adhesive
layer 74 attaches the middle package 10B-2 to the upper
package 10B-1. As with the previously described polymer
adhesive layers 58, 60, 62, 64, 66, the polymer adhesive
layers 72, 74 can comprise a conductive polymer such as an
anisotropic conductive adhesive.

Referring to PFigure 6, an alternate embodiment
gsemiconductor package 10C 1s illustrated. The semiconductor
rackage 10C includes circuit side conductors 32C, circuit
side stacking pads 34C, back side c¢onductors 38C, and
conductive grooves 42C configured substantially as previously
described for the equivalent components on package 10,
However, the package 10C also includes external contact pads
68C and extermal contacts 70C. The external contact pads 68C
and the external contacts .70C are in electrical communication
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with the back side conductors 38C, with the conductive
grooves 42C, with the circuit side conductors 32C and with
the circult side stacking pads 34C. The external contacts
70¢ also function as the stacking contacts for the package
10¢. In addition, the external contacdts 70C Ffunction as
bonding' contacts for bonding the package 10C to a supporting
substrate and as electrical connection points from the
outside to the péckage 10C. The external contacts 70C can
comprise bumps or balls made of an électrically conductive
bondable material such as solder; gold, silver, nickel,
copper or a conductive polymex. ' '

Referring to Figure 7, a stacked aésembly 50C fabricated
using three packages 10C-1, 10C-2, 10C-3 is illustrated.
Each of the packages 10C-1, 10C-2, 10C-3 is constructéd
‘substantially as previously described for the package 10C
ghown in Figure 6. However, in this embodiment the external
contacts 70C on the lower package 10C-3 are bonded to
electrodes 54C on a supporting substrate 52¢C. In additionm,
the external contacts 70C on the middle package 10C-2 are
bonded to the circuit side stacking pads 34C on the lower
package 10B-3. Further, the external contacts 36C on the
upper package 10B-1 are bonded to the circuit side stacking
pads 34C on the middle package 10C~2. Still further, a
polymer adhesive layer 76 attaches the lower package 10C-3 to
the middle packaga 10C-2. In addition, a polymer adhesive
layver 78 attaches the middle package 10C-2 to the upper
package 10C-1. As with the previously described polymer
adhesive layers 58, 60, 62, 64, 66, 72, 74, the polymer
adhesive layers 76, 78 can comprise a copductive polymar such
as an anisotropic conductive adhesive.

Referring to Figures 8A-BI, steps in the method for
fabricating the package 10 (Figure 1A) and the stacked
assembly 50 (Figure 2} are illustrated. Although, the method
is illustrated in connection with fabrication of the package
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10 and the assembly 50 essentially the same method can be
used to fabricate the package 102 (Figure 3}, the stacked
assembly 50A (Figure 3), the package 10B (Figure 4), the
stacked assembly 50B (Figure 5), the package 10C (Figure 6)
or the stacked assenbly 50C (Figure 7).

Initially, as shown in Figures 8A and 8B, a substrate 80
containing a plurality of semiconductor dice 12 is provided.
In the illustrative embodimert, the substrate 80 comprises a
semiconductor wafer., However, the substrate 80 can also
comprise a portion of a wafer, or a panel, a strip or
another element containing semiconductor dice, As another
example, the substrate 80 can compriée a panel or a strip
c¢ontaining a plurality of partially completed semiconductor
packages or components. In this case the substrate 80 can-be
made of an organic material, such as a glass filled resin,
such as epoxy glass (FR-4), polyimide glass, or a cyanate-

glass material.
Each die 12 includes a circuit side 24 and a back side

26. In addition, each die 12 includes a pattern of die bond
pads 20 in electrical communication with the integrated
circuits 16 (Figure 1F) contained on the semiconductor
substrate 14. =Each die 12 also includes the passivation
layer 22, such as BPSG, and openings 82 through the

‘pasgivation layer 22 to the die bond pads 20. As shown in

Figure 8a, the substrate 80 also includes spaces 92 between
the dice 12 configured as Btreets for saw cutting or
otharwise singulating the completed packages 10 (Figure 8I).
Referring to Figures 8C and 8D, after the substrate 80
and the dice 12 are provided, the redistribution conductors
28 are formed on the circuit sides 24 of the dice 12 in
electrical communication with the die bond pads 20.
Praferably the redistribution conductors 2B comprise a highly
conductive metal such as aluminum or an alloy thereof. Other
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suitable metals include c¢opper, nickel, =ilver, tungsten,
tantalum, palladium, or alloys of these metals,

The redistribution conductors 28 can be formed using a
subtractive procéss or an additive process. with a
subtractive process a redistribution layer (RDL) can be
blanket deposited using a suitable deposition process such as
CVD, ?ECVD', LPCVYD or sputtering. A mask (not shown) formed
of a photoimageable material such as a resist can then be
formed on tha redistribution layer and used to ateh the layer
to form the redistribution conductors 28. Either a wet or a
dry etch process can be used to etch the redistribution layer
to form the redistribution conductors 28. Foliowing this
etch step, the mask can be "stripped® or "lifted off* using a
suitable process. The redistribution conductors 28 can also
be formed using an additive process such as deposition
through a mask.

As also shown in Figure 8D, following forming of the
redistribution conductors 28, the insulating layer 30, and a
pattern of openings 84 through the insulating layer 30 to the
redistribution conductors 28 are formed. The insulating layer
30 can be initially blanket deposited using a sguitable
deposition process, such as spin on, C€VD, PCVD ox
evaporation. Ona method for forming the openings 84 is to
deposit a layer of resist on the blanket deposited layer.
The layer of :esist can then be exposed using a direct
imaging process to form a mask for etching the openings 84.

Ag another alternative, the insulating layer 30 can comprise
- a photoimageable polymer, such as a layer of resist that is
exposed using a direct imaging process and then developed to
form the openings 84. For example, the insulating layer 30
can comprise photoimageable polyimide, deposited to a desired
thickness, cured and then patterned with the openings 80 to
the redistribution conductors 28. The openings B0 are Formed
in a pattern required for the circuit side stacking pads 34
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(Figure 8G) and the stacking contacts 36 (Figure 8G). In
some cases the redistribution conductors 28 and the
insulating layer 30 can be eliminated entirely by making the
die bond pads 20 in the'required pattern for the circuit side
s'tackihg pads 34. In thls case, the stacking contacts 36 can
be formed directly on the die bond pads 20.

Referxring to Figures 8E and 8F, following forming of the
redistribution ¢onductoxs 28 and the imsulating layer 30, the
circuit side conductors 32 can be formed on the circuit sides
24 of the dice 12. The circuit side conductors 32 can be
formed using an additive process or a subtractive process
substantially as previously described for the redistribution
conductors 28. In addition, the circuit side conductors 32
can comprise a highly conductive metal such as aluminun,
copper, nickel, sgilver, tuungsten, tantalum, palladium, or
alloys of these metals, '

As also shown in Figures 8E and 8F, the circuit side
stacking pads 34 can be formed in a required patterﬂ on

terminal portions of the circuit side conductors 32. In the

illustrative embodiment, the circuit side stacking pads 34
are formed in alignment with the openings 84 (Figure 8D) in
the insulating layer 30. BHowever, as is apparent to those
skilled in the art, other arrangements are' possible., In

‘addition, the circuit gide stacking pads 34 can ¢omprise the

same metal as the circuit side conductors 32, or alternately
a non~oxidizing metal such as gold, platinum ox alloys of
these metals. In the case of a non-oxidizing metal
electroless deposition, electrolytic deposition or other
suitable plating process can be employed to form the circuit
side stacking pads 34 with a required thickness and

peripheral outline,

As also shown in Figures 8E and 8F, openings 86 can also
be formed through the substrate 80 in the spaces 92 between
the dice 12. The openings 86 have outside diameters "D* that
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are larger than the widths of the spaces 92, guch that
following saw cutting through the spaces 92 arcuate or semi-
circular portions of the openings 86 xemain on the dice 12.
A representative diameter "D" for the openings is from about
100pm to several mils, or greater depending on the width of
the spaces 92 (Figure B8A) on the substrate 80 which provide
the streets for singulation of the substrate 80.

' Following plating with & conductive material 88 (Figure
8@) the openings 86 form the conductive grooves 42 (Figure
1) for the packages 10, One method for forming the openings
86 is with an etching process performed using a mask and a
suitable etchant or etchants. One suitable etchant for a
substrate 14 made of silicon, is a solution of potassium
hydroxide {KOH), or alternately a solution of tetra-methyl
ammonium hydroxide (TMAH). Another method for forming'the
openings 86 l1ls with a laser machining process. Such a
process is described in US Patent No. 6,114,240 to Akram et
al., which is incorporated herein by reference.

as also shown in Figure 8F, the openings 86 must include
insulating layers 94 to prevent electrical conduction between
the conductive grooves 42 (Figure 1A) and the substrate 14
which typically comprises a semiconductor. With the
substrate 14 comprising silicon, one method for Forming the
insulating layers 94 is by growing or depositing silicon
dioxide (Si02) in the openings 86. For example, silicon
dioxide can be deposited by CVD or by exposing the openings
86 to an oxidizing atmosphere such as steam and O; at an
elevated temperature (e.g., 950°C)., The insulating layers 94
can also comprise an insulating polymer such as polyimide
deposited or injected into the openings 86 using a spin on,
injection or capillary process. A representative thickness
of the insulating layers can be from about 100A to several

nils.
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Referring to Figure B8G, following forming of the
insulating layers 94, the conductive layers 88 can be formed
in the openings 86 and on the insulating layers 94. The
conductive layers 88 can comprise tubular layers on the
‘sidewalls of the openings 86 substantially as shown.
Alternately, the conductive Jlayers 88 can comprise
cylindrical plugs (not shown) that completely £ill the
openings 86. The conductive layers 88 can comprise a
conductive metal or a conductive polymer deposited into the
openings 86 using a sultable deposition process such as CVD,
electroless deposition, electrolytic deposition, or screen
printing. & conductive metal or a conductive polymer can
also ba injected into the openings 86 using a wvacuum system
and capillaxy action.

Still referring to Figure 8G, the back side conductors
38, and the back side stacking pads 40 can also be formed on
the back sides 26 of tha dice 12, The back side conductors
38 and the back slide stacking pads 40 can be formed prior to
or after forming of the conductive layers 88 in the openings
86. However, in.elther case, the back side conductors 38 and
the circuit side conductors 32 must be in electrieal contact
with the conductive layers 88 such that the conductive
grooves 42 (Figure 1A) function as interlevel conductors.

Either a subtractive process or an additive process as
previocusly described for the circuit side conductors 32 and
the circuit side étacking pads 34, can be used to form the
back side conductors 38 and the back side stacking pads "40.
In addition, the same materials as previously described for
forming the clrcuit side c¢onductors 32 and the circuit side
stacking pads 34, can be used to form the back side
conductors 38 and the back side stacking pads 40. The
pattern of the back side stacking pads 40 exactly matches the -
pattern of the circuit gide stacking pads 34 to permit
stacking of multiple substrates 80. Figure 8H shows the
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pattern of the back side stacking pads 40 and the back side
conductors 38 as well,

As also shown in Pigure 8G, the stacking contacts 36 can
be formed on the circuit side stacking pads 34. The stacking
contacts 36 can comprise a non-oxidizing metal such as gold
or platinum. For reflow applications, the stacking contacts
36 can comprise a solder alloy such as 95%Pb/5%Sn,
60%Pb/40%Sn, 63%In/37%Sn, or 623Pb/36%Sn/2%Ag. Alternately,
the stacking contacts 36 can comprise a relatively hard metal
such as nickel, copper, beryllium copper, alloys of nickel,
‘alloys of copper, alloys of beryllium copper, nickel-cobalt-
irom alloys and iron-nickel alloys. The stacking contacts 36
can also comprise a base metal and an outer layer formed of a
non-oxidizing metal such as gold or platinum. In addition,
the stacking contacts 36 can comprlse a conductive polymer
such as an isotroplc or anisotropic adhesxve.

One method for attaching the stacking contacts 36 to the
circuit side stackiﬁg pads 34 ig by bonding pre-fabricated
metal balls to the circuilt side stacking pads 34. For
example, pre-fabricated metal balls are manufactured by
Mitsui Comtek Corp. of Saratoga, CA under the trademark
- MGENJU SPARKLE BALLS". The metal balls can be attached to
the circuit side stacking pads 34 by soldering, laser reflow,

brazing, welding, or applying a conductive adhaesive.
A solder ball bumper can also be used to bond the

stacking contacts 36 to the circuit side stacking pads 34. A
suitable solder ball bumper is manufactured by Pac Tech
Packaging Technologies of Falkensee, Germany. The stacking
contacts 36 can also ba formed on the circuit side stacking
pads 34 using a conventional wire bondex apparatus adapted to
form a ball bond, and then to sever the attached wire., The
stacking contactz 36 can also be formed by electrolytic
deposition or electroless deposition of a metal to form

bumps .
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In the embodiment of the package 10B shown in Figure 4
having external contacts 70B, and the package 10C shown in
Figure 6 having external contacts 70¢, the external contacts
70B, 70C can be formed using the same technigues and
materials as used for the stacking contacts 36. .

Referring to PFigure 8I the completed packages 10 axe
illustrated prior to singulation from the substrate 80.
However, prior to singulation substrates 80-1, 80-2 and 80-3
¢an be stacked to one another for forming stacked assemblies
50. In this example, the substrates 80-1, 80-2, 80-3 are
substantially identical. 1In addition, the stacking contacts
36 on the lower substrate 80-1 are bonded to the back side

‘'stacking pads 40 on the middle substrate 80-2, and the

stacking contacts 36 on the middle substrate 80-2 are bonded
to the back side stacking pads 40 on the upper substrate 80-
3. One method for bonding the stacking contacts 36 to the
back side stacking pads 40 ig by heating in an oven such that
the stacking contacts 36 reflow and form a metallurgical
bond. A welght or a jig can also be used to apply pressure
to the stacking contacte 36 during the reflow process.

As also shown in Figure 8I, the polymer adhesive layer
58 can be formed batween the lower substrate 80-3 and the
middle substrate 80-2, and the polymer adhesive layer 60 can
ba formed between the middle substrate 80-2 and the upper
substrate 80-1. The polymer adhesive layers.ss, 60 can ba
deposited in viscous form and then cure.d.' If the polymer
adhesive layers 53, 60 cvomprise a conductive polymer, such as
an anisotropic adhesive, a welght or a jig can be used during
the curing step to compress the adhesive layers 58, 60, The
polymer adhesive layers 58, 60 help to bond the substrates
80-1, 80-2, 80-3 together and to rigidify the stacked
assembly 50. -

With the substrates 80-1, 80-2, 80-3 stacked and bonded
to one another, a saw blade 280 can be used to singilate the
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stacked assemblies 50. In addition, the saw blade 90 cuts
through a center line of the openings 86, such that the
conductive vias 42 are formed in the edges of each package 10
substantially as previously described. Rather than using a
saw blade 90, the singulation step can be performed using a
shearing tool or a pressurized water jet. In addition, the
singulation step can be performed on a single substrate 80
rather than on a stack, such that individual packages 10 will
be formed. ' '

Thus tht_a invention provides a stackable semiconductor
package, a method for fabricating the package, and a stacked
assembly constructed with the package. While the invention
~has been described with reference to certain preferred
embodiments, as will be apparent to those skilled in the art,
certain changes and modifications can be made without
departing from .the scope of the invention as defined by the

following claims.
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WHAT IS CLAIMED IS:

1. A semiconductor package comprising:
a semiconductor die comprisging a plurality of integrated
_eircuits and having a first side, an opposing second side,
and a peripheral edge;

a plurality of #irst pads on the first side in
electrical communication with'the integrated circuits;

a plurality of conductive grooves in the peripheral edge
in electrical communication with the first pads; and

a plurality of second pads on the second side in
electrical communication with the conductive grooves;

the first pads and the second pads having matching
patterns and configured for bonding to a second package
substantially identical to the package.

2. The package of claim 1 wherein the first pads
include bumps or balls. . :

3. The package of claim 1 wherein the second pads
include bumps or balls. :

4. The package of c¢laim 1 wherein the conductive
.grooves comprise partial openings and a conductive material
in the openings. '

5. ‘The package of c¢laim 1 further comprising a
plurality of first conductors on the f£irst surface in
electrical communication with the first pads and a plurality
of second conductors on the second surface in electrical
communication with the second pads.
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6. A semiconductor package comprising:

a semiconductor die comprising a plurality of 1ntegrated
circuits and having a circuit eide, a ba¢k side, and a
peripheral edge;

a plurality of cireuit side conductors om the circuit
side in electrical communication with the integrated
circuits, and circuit side stacking pads on the circuit side
in electrical commmication with the circuit side conductors;

a plurality of conductive grooves in the peripheral edge
in electrical communication with the circuit side conductors;

a pluxality of back side conductors on the back side in
electrical communication with the conductive grooves, and
back side stacking pads on the back slde in electrical

communication with the back side conductoxs; and
a plurality of contacts on the c¢ircuit side stacking

pads or on the back side stacking pads.

7. The package of claim 6 wherein tha contacts comprise
ball or bumps conflgured for bondimg to a second
genmiconductox package subsgtantially identical to the package.

8. The package of claim 6 Ffurther comprising a
plurality of external contacts on the back side in electrical
communication wilth the back side conductors.

9. The packétge of c¢laim 6 wherain the conductive
grooves comprige partlal openings at least partially covered
with ¢onductive layers. '

10. The package of claim 6 wherein the contacts are
configured as external contacts for electrically connecting
the package to a supporting substrate.

11. A semiconductor package comprisging:
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a semiconductor die comprising a plurality of integrated

- ¢ircuits and having & circuit side, a back side and a
peripheral edge;

a plurality of stacking contacts on the first side in a

selected pattern in electrical communication with the

integrated circuits;
a plurality of stacking pads on the second side in the

selected pattern in. electrical cqu:nunication with the

stacking contacts; _
a plurality of conductive grooves :i_.n the peripheral edge

configured as interlevel conductors between the stacking

contacts and the stacking pads;
tha stacking contacts configured for bonding to second

stacking pads on a second package, the stacking pads
configured for bonding to second stackmg contacts on a third

package.

12. The package of c¢laim 11 wherein the stacking
contacts comprise bumps or balls.

13. ‘he package of claim 11 wherein the stacking
contacts comprise a non-oxidizing metal.

14. The package of c¢laim 11 further comprising a .
plurality of extermal contacts on the second side in
electrical commmication with the stacking pads.

15, A semiconductor package comprising:

a semiconductor die comprising a plurality of integrated
circuits and having a circuit sgide, a back side and a
peripheral edge;

a plurality of stacking pads on the first sgide in a
selected pattern in electrical communication w:.th the

integrated c:.rcuits F
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a plurality of stacking contacts on the second side in
the selected pattern in electrical communication with the

gtacking pads: _
a plurality of conductive grooves in the peripheral edge

configured as interlevel conductors between the stacking pads
and the stacking contacts; '

the stacking pads configured for bonding to second
stacking contacts on a Second package, the stacking contacts
confignred for bonding to second stacking pads on a third

package.

16. 'The package of claim 15 wherein the stacking
" contacts comprise bumps or balls.

17. The package of claim 15 wherein the stack:.ng
contacts comprise bumps or balls on pads.

is8. The package of claim 15 further comprising a
plurality of external contacts on the second side in
electrical commmication with the stacking pads. :

19. A semiconductor package comprising:

a semiconductor die comprising a plurality of integrated
‘clrcuits and having a first side, an opposing second side,
and a peripheral edge; - :

a plurality of first conductors on the first side in
electrical commmication with the integrated circuits;

a plurality of conductive grooves in the peripheral edge
in electrical communication with the first conductors; and

a plurality of second conductors on the second side in
electrical communication with the conductive grooves;

a plurality of stacking contacts on the first side in
electrical communication with the first conductors and having
a selected pattern; and
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a plurality of stacking pads on the second gide in
electrical communication with the second conductors and

having the selected pattern.

20. The package of claim 19 wherein the stacking
contacts are configured for bonding to second stacking pads
on a second package substantially identical to the package.

21. 'The packeage of claim 19 further comprising =a
plurality of external contacts on the second side in
alectrical communicatlon with-the stacking contacts.

22. The package of claim 19 wherein the stacking
contacts are configured as external contacts for the package.

23. A semiconductor package comprising:

a semiconductor die comprising & plurality of integrated
circuits and having a first gide, an opposing second side,
and a peripheral edge;

a plurality of first conductors on the first side in
electrical commmication with the integrated circuits;

a plurality of conductive grooves in the peripheral adge
in electrical communication with the first conductors; and

a plurality of second conductors on the second side in
electrical communication with the conductive grooves; ‘

a plurality of stacking pads on the first side in

electrical communication wit:h the first conductors and having

a selected pattern; amd :
a plurality of stacking.contacts on the second side in

electrical communication with the second conductors and
having the selected pattern.
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24, - The package of claim 23 wherein the stacking
contacts are configurad for bonding to second stacking pads
‘on a second package substantially identical to the package.

25. The package of c<¢laim 23 wherein the stacking
contacts are configured as external contacts for the package.

26. The package of dlaim 23 further comprising a
plurality of external contacts on the second side in
electrical communication with the stacking contacts.

27. A method for Eabricating semiconductor packages
comprising: _—

providing a plurality of semiconductor dice on a
gubstrate having a first side and a second gide;

'~ forming a plurality of first conductors on the dice on
the first side and a plurality of second conductors on the
dice on the second side; _

forming a plurality of conductive vias in the substrate
between the dice and in electrical communication with the
first conductors and the second conductors; and

cutting through the substrate and through the conductive
vias to separate the dice and form the packages with
peripheral edges having a plurality of conductive grooves
tharein.

28. ‘The method of c¢laim 27 further comprising fomirig a
plurality of stacking contacts on the dice on the first side
in electrical communication with the first conductors and a
plurality of stacking pads on the dice on the second side in
electrical communication with the second conductors.

29. The method of claim 27 further comprising forming a
plurality of stacking pads on the dice on the first side in
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electrical communication with the first conductors and a
plurality of stacking contacts on the dice on the second side
in electrical communication with the second conductors.

30. The method of claim 27 further comprising prior to
the cutting step stacking the substrate on a second substrate
substantially identical to the substrate.

31. The method of ¢laim 27 wherein the peripheral edge
has an outline matching that of the die. ' '

32. The method of claim 27 wherein the conductive
grooves comprise semi-circular portions of the conductive
grooves.

33. 2 method for fabricating a semiconductor package

comprising: _

providing a substrate containing a semiconductor die
having opposing sides;

forming a plurality of conductors on the opposing sides;

forming a plurality of conductive openings in the
subgstrate proximate and at least partially on the dle in
electrical communication with the conductors; and

separating the die from the substrate by cutting through
the openings to form the package with a peripheral edge
corresponding to that of the die and conductive grooves in
the peripheral edge configured as interlevel conductors

between the conductors on the opposing sides.

34, The method of claim 33 further comprising forming a
plurality of stacking pads and stacking contacts on the
opposing sides .in electrical communication with the
conductors. '
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35. The method of ¢laim 33 further comprising foxming a
plurality of external contacts on the die in electrical
communication with the conductors.

36. The method of claim 33 wherein the substrate
comprises a semiconductor wafer containing a plurality of

dice.

37. The method of claim 33 further comprising stacking
the substrate on a setond substrate, bonding the sgecond
substrate to the substrate, and performing the separating
step on the substrate bonded to the second substrate.

38. A method for fabricating semliconductor packages
comprising:

providing a plurality of semiconductor dice on a
substrate having a first side and a second side:

forming a plurality of stacking contacts on the dice on
the first side in a selected pattern;

forming a plurality of stacking pads on the dice on the
gsecond side in the selected pattern;

forming a plurality of openings in the substrate between
the dice; .

forming conductive layers in the openings in electrical
c¢ommunication with the etacking contacts and with the
stacking pads; _

stacking the substrate to a substantially identical
second substrate and bonding the stacking contacts to second
gstacking pads on the second substrate; and

cutting through the substrate, through the second
substrate and through the conductive vias to separate the
dice and form stacked asgemblies having a plura.l:.ty of
conductive grooves in peripheral edges thereof.
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39. The method of ¢laim 38 wherein tha stacking
contacts comprige bumps or balls.

40. The method of claim 38 wherein the conductive
grooves include semi-circular portions of the openings.

41. 'I‘hé method of _claim 38 wherein the conductive
layers cover sidewalls of the openings.

42. A method for fabricating semiconductor packages
comprising:

providing a plurality of semiconductor dice on a
substrate having a first side and a second‘'side;

forming a plurality of stacking pads on the dice on the
first side in a selected pattern;

forming a plurality of stacking contacte on the dice on
the second side in the selected pattern,

forming a plurality of openings. in the substrate between
the dice;

forming conductive layexrs in the openings in electrical
communication with the stacking contacts and with the

stacking pads;
stacking the substrate to a substantially identical

gecond substrate and bonding the stacking contacts to second
stacking pads on the second substrate; and -

cutting through the substrate, through the second
substrate and through the conductive vias to separate the
dice and form stacked assemblies having a plurality of
conductive grooves in peripheral edges thereof.

43. The method of c¢laim 42 wherein the stacking
contacts comprise bumps or balls.
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44. ‘The method of c¢laim .42 wherein the conductive
grooves include semi-clycular portions of the openings.

45. The method of c¢laim 42 wherein the conductive
layers covex sidewalls of the openings.

46, A stacked semiconductor asgsembly comprising:
a first semiconductor package comprising a plurality of
integrated circuits and having a first side, an opposing

second side, and a peripheral edge; _
a plurality of first pads on the f£irst  side in

electrical communication with the integrated cireuits;

a plurality of conductive grooves in the peripheral edge
in electrical communication with the first pads;

a plurality of second pads on' the second side in

electrical communication with the conductive grooves; and
~ a second package substantially identical to the package,
stacked on the package and bonded to the first pads or to the

second pads.

47. The assembly of claim 46 Ffurther comprising an
adhesive polymer bonding the package to the gecond package.

48. The asgsembly of claim 46 further comprising an
anisotropic conductive adhesiva bonding the package to the

second package.

43. The assembly of claim 46 further comprising a
plurality of external contacts on the first package in
electrical communication with the second pads and a
supporting substrate having a plurallty of electrodes bonded
to the external contacts.
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50. The assembly of claim 46 further comprising a
supporting substrate and an anisotropic conductive adhesive
bonding the package to the supporting substrate.

51. The assembly of claim 46 wherein the first pads
include bumps or balls. '

52. . The assembly of claim 46 wherein the second pads
include bumps oxr balls.

53. The assembly of claim 46 wherein the ‘conductive
grooves comprise partial openings and a conductive material

in the openings.

54. The assembly of c¢laim 46 further comprising a
plurality of f£first conductors on the first surface in
electrical communication with the first pads and a plurality
of second conductors on the setond surface in electrical
communication with the second pads.

'55. A stacked semiconductor assembly comprising:

a first package and a second package each package
comprising: _ _ _ '
' a semiconductor die comprising a plurality of
integrated circuits and having a circuit side, a back side
and a peripheral edge;

" a pluxality of stacking pads on the first side in a
selected pattern in electrical communication with the

integrated circuits;
a plurality of stacking contacts on the second side

in the selected pattern in electrical communication with the
stacking pads; snd
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: a plurality of conductive grooves in the peripheral
edge configured as interlevel conductors between the stacking

'pads and the stacking contacts;
the flrst package stacked to the second package with the
-stacking contacts on the first package bonded Lo the stacking

pads on the second package.

56. - The asgembly of ¢laim 55 further comprising a
polymer adhesive layer between the first package and the
second package.

57. The assembly of claim 55 further comprising a
conductive polymer adhesive layer between the First package
and the second package. :

8. The assembly of claim 55 wherein the stacking
contacts comprise bumps or balls.



