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STACKABLE SEMICONDUCTOR PACKAGE AND WAFER LEVEL 
FABRICATION METHOD 

Fjeld of the Jnyention 

This invention relates generally to semiconductor 

pa.ckaging, and specifically to. a stackable· semicond:uctor. 

package having a chip scale outline. This invention.also 

relatas to a wafer level method for fabricating the package, 

and to assemblies incorporating multiple stacked packages. 

BAckgtound of the Iwenti,on 

Decrea$es in the si~e of electronic devices, 

particularly hand held d.eviees, ·ha.s led to the developxnent of 

smaller semiconductor packages. One type of semiconductor 

package ·is referred to as a chip scale package (CSP). A chip 

scale package includQs a semiconductor die, ·and a lead system 

for transmitting signals and power to the die. 
'!'he chip scale package has a peripheral outline 

(footprint) that is only slightly larger than that of tbe die 

contained in the paokage (~.g., 1.2 times the die outline). 

Typically, the chip scale package includes a substrate, ~uch 
. . 

as a board or a tape material, which c:ontains the lead system 

for the package. 'I'he·cbip scale package can also include a 

casing configured to protect, and to insulate th~ die and the 
lead system. 

The present invention is directed to a chip scale 
paokage 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 f~rnted directly on the die., without the requirement of a 
separate ~ubstrate. 

In addition to a chip sized outline, it is advantagaous· 

for a package to be configured to facilitate assembly in 

e1eatronio devices and electronic systems in dense arrays. 

For example, printed circuit boa:r:ds, multi ohip modules, and 

other electronic devices as well, preferably contain multiple 

packages in as small an area as possible. 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 f o:r:m a 
stacked a~sembly. This requires that the lead systems for 
all of the packag~s i~ 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 interconnection of multiple 
packages to form a stacked assembly which includes any 

de~ired number of packages. Further, the package of the 
invention ~ncludes contacts on both major surfaces, and on 
the edges of the package as well, such that connections to 
other packages, or to other electronic ele:ments of. a 
electronic device or system is facilitated. 

Another consideration in the design of chip scale 
packages is the method for fabricating the packages. The 
chip scale package of the present invention can be fabricated 
using a wa~er level fabrication. method that is simple, 
reliable and capable of volume manufacture using conventional 
equipment. 

Summary of the Invention 
:rn accordance with the present invention, an improved 

stackable semicondu~tor packaga, a method for fabricating the 
package, and a stacked assembly that includes multiple 
stacked packages· are provided. 

The package includes a semiconducto:r: die containing 
integrated circuits in a das~rad configuration (e.g. , DRAM,· 
S.RAM · etc·. ) • The package has peripheral edges 1 and a 

peripheral outline (footprint) that correspond to the edges 
~d the outline of the die. :r~ 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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!n addition to the die, the package include~ circuit 
side 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 ~lectrical 
communication with the circuit side conductors. In addition, 
the package includes conductive grooves (castellations) in 
one or more edges theredf, configured. as interlevel 

conductors between the circuit side and the back side of the 
package. The plated grooves can also function as edge 
contacts for interconnecting multiple packages in a stacked 
assembly, or for electrically connecting the package, or tbe 
stacked assembly,· to a supporting substrate, such as a· 
circuit board. 

The package also ino1udes stack~g_contacts, such a$ 
bumps or balls, formed on the circuit side stacking pads, or 
alternately on the back side stacking· paQ.s. ~he stacking 
contacts are configured for mating engagement with the 
stacking pads on an adjacent stacked package·. The ?tacking 
contacts perinit multiple pac~ages to be stacked to one 
another, ~ith the stacking contacts and. the stacki~g 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 pa~kage; or a stacked assembly, to a su,pporting 
substrate. 

The method for fabricating the package includes the 
initial step of providing a substrate, such as a wafer or 
portion thereof, which contains multiple semiconductor dice 
~eparated by spaces. The spaces can be configured as streets 

for saw cutting, or otherwise singulating, the dice from the 
substrate into sep~rata package~. The method also includes 
the steps of ~orming circuit side conductors, and circuit 
side stacking pads, on the dice contain~d on the substrat~. 
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The circuit side conductors, and the circuit side stacking 
pads, can be formed. by' deposition and etching of a metal 
redistribution layer. In addition, the method includes the 
step of forming back side conductors, and back side stacking 
pads, on ~he dice contained on the substrate. The back side 
conductors, and the back side stacking pads# can also ha 
formed.by deposition and etching of a metal redistribution 
layer. 

'l'he method also includes the step of forming conductive 
vias in the substrate ~n the spaces between the dice. The 
conductive vias can be fo:oned by etching openings in the 
substrate, insulating the openings, and then covering the 
walls ·of the openings (or completely filling the open~ngs} 
with a conductive 111aterial, such as a metal or a conductive 
polymer. The conductive vias ara configured suoh that during 
a singulation step, the dice are singulated into separate 
packages, and separate portions of the conductive vias remain 
with different package$. The separate portions of the 
conductive vias fo:rm the conductive grooves in the edges of 
the packages. 

The method also includes the steps of forming the 
stacking contacts on the stacking pads, and if requi~ed, 
.fanning 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. 
trhe singulation step oan thus ba used to form stacked 
assemblies that contain a~~ ·desired number of stacked 
packages. 

Brjef DuQliptign of th;e Drawings 
Figure lA is an enlarged sid~ ele~ation view of a 

semiconductor package constructed in accordance with the 
invention; 
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Figure lB is an enlarged plan view of the package taken · 
along line lB-la of Figure 1A; 

FigUre le is an enlarged cross sectional view of the 
package taken along line 1C-1C of Figure lB; 

Figure lD is an enlarged cro::;s sectional view of a 

portion of the package taken along line 1P-1D of Figure lB 

illustrating a conductive groove of the package; 
Figure lE. is an enlarged cross sectional view of a 

portion of the package taken along line 1E-1E of Figure 1B 
illustrating a conductor of the paokage; 

Figure lF is an enlarged cross . sectional view of a 
portion of the package taken along line lF-lF of Figure lB 
illustrating a stacking contact and a staekin~ pad of the 

package; 
Figure 2 is an enlarged eross sectional view of a 

stacked asseml;>ly constructed using the package of :Figure lA; 
Figure 3 is an enlarged cross sectional view of another 

stacked assembly cOn.structed using the package of J?igure lA; · 
Figure 4 is an enlarged cross sectional view of an 

alternate. eml:;>odiment semi~onductor package constructed in 
aocordance with the invention; 

Figure 5 is an enlarged cross sectional view o.f a 
. stacked assembly constructed using the package of Figure 4; 

Figure 6 i~ an enlarged cross se~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 aspembly constructed using the package of Figure 6; 

Figure SA is a plan view.of a substrate in the form of a 
semiconductor wafer eontaining ~emiconductor dice configured 
for fabricating packages in.accordance with the method.of the 
invention; 
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Figure SB is an enlarged cro$s sectional view ta~en 
along section line 8B-8B of ~igure BA illustrating adjacent 
dice Qn the substrate; 

F"igure BC is a plan view of the substrate following 
fonnin~ of redistribution conductors on the dice; 

FigU1"e BP is an enlarged cross sectional view taken 
·along section line eP-BD of Figure BC illustrating the 
redistribution conductors; 

Figu~e SE is a plan view of the substrate following 
forming of circuit side conductors, circuit side stacking 
pads and openings for-conductive grooves on the dice; 

Figura SF is an enlarged cross sectional view taken 
along section line s~..:8F of Figure SE illustrating the 
circuit side conductors, the stacking pads and the openings; 

Figure BG is an enlarged cross sectional view equivalent 
to Figure SF following forming of back side conductors and 
ba.ok side stacking pads on the dice; 

Figure SH is a bottom view of the wafer taken along line 
8H-8H of ~igure SG illustrating the back side conductors and 
the back side stacking Pl!lds; and 

Figure 8I is a schema.ti~ cross sectional view of stacked 
substrates containing the completed packages during 
singulation to fonn stacked assemblies. 

Detailed DesctiJ>tion Of.the Preferred EmJ:>odimenf:G 
Referring to Figures lA-lF, a semiconductor package 10 

constructed in accordance with the invention is illustrated. 
The package 10 includes a semiconductor di$ 12, and has a 
peripheral outline substantic1lly identical to that of the die 
12. Accordingly, the package 10 has a true chip outline or 
profile. 

The die 12 includes a ~emiconduetor substrate 14 (Figure 
1F), ·such as ~ilicon or ga1liwn· arsenide, containing 
integrated circuits 16 (Figure lF} fabricated· using well 
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known processes. The die· 12 can be a conventional 
semiconductor device such as a dynamic random access memoxy 
(DRAM), a synchronous DRAM (SDRAM}, a static random-access 

memory CSR.AM), an erasable programmable read-only memory 
(EPROM), a logic circuit (LOGIC), or any other semiconductor 
device that requires paokaging. 

The die 12 includes conductive traces 18 (Figure lF), 
and die bond pads 20 (Figure 1lF} in electrical communication 
with the integrated circuits 16 {Figure lF). In addition, 
the die 12 includes a die pa.Ssivation layer 22 (Figure 1Fl 
formed of an electri~ally insulating material such as BPSG. 
Further1 the die 12 includes a plurality of redistribution 
conductors 28 (Figure 1F) in electrical comln.unication wi-th 
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 in the 
claims) and a hack side 26 {second side in the claims). The 
circuit side 24 of the package 10 is locat~d proximate to the 
circuit side of the die 12, and proximate to the integrated 
circuits 16 (Figure lF) contained on the die 12. The circuit 
side 24 of the package 10 is also located proximate to the 
die bond pads 20 (Figure lF)1 to the conductive traces 18 
(Figure lF}, and to the die passivation layer (Figure 1F} of 
the die 12. The back side 26 of the package 10 is located 

-proximate to tha batjc 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 
redistribution conductors 28 {Figure lP), the die bond pads . . 
20 (Figure lF) and· the integrated circuits 16 (Figure lF.) of 
the die 12. The circuit side conductor$ 32 preferably 
comprise a highly conductive metal such as aluminum, copper, 
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nickel, silver, tungaten, tantalum, palladium, or alloys of 
these metals. '!'he circuit side stacking pads 34 can co:mprise 
the same metal as the circuit side conductors 32, <>X' 

alte:rnately a non-oxidizing metal such as gold, platinum or 
al~ays of these metals. 

The package 10 also includes stacking contacts 36 on the 
circuit side stacking pads 34. In· the illustrative 
embodiment, the stacking co~~acts 36 comprise metal bumps o~ 
balls formed of a non-oxidizing metal such as gold o:r 
platinum. As will be further explained, the stacking 
oontadts 36 pe::ouit multiple packages 10_ to be stacked, bonded 

and placed in electrical communication with one another. 

The package 10 also includes a plurality of back slde 
conductors 38, and a plurality of back side 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, palladium, or alloys of these metals. The back 

side stacking pads 40 can comprise the same metal as the back 
side conducton 38, or alternately 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 side stacking pads 
34. This arrangement permits multiple paokagas 10 to be 
stacked, with the stacking contacts 36 and the stacking pads 

40 on adjacent packages 10 physically bonded, and 
electrically connected, to one another. 

In the illustrative embodiment, the package 10 includes 
eight stacld.ng,contacts 3G in ·a center array, which comprises 
a single row located along the center line of the package 10. 
However, this arrangement is merely exexnpla:r:y, and any other 
contact array known in the art can be used to construct. the 
package 10. For example, the stacking contacts 36 can be 

arr~nged in a dense grid array that includes multiple rows 
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and columns and up to several hundred stacking contacts 36. 
As another example, the.stacking contadts can be arranged in 
a peripheral ar;ray along the edges of the package 1 O. 
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 {castallations) formed· in opposing edges 44, 46 of 
the package 10. The conductive grooves 42 are in ele~trical 
communicati~n with the circuit side c~nductors 32, and with 
the back side conductors 38. Preferably the conductive 
grooves 42 a:re configured such that pairs of conductive 
grooves 42 on the opposing edges 44, 46 are co-linear (i.e., 
located a1ong a common axis) which facilitates the 
fabrication method· to be hereinafter described. :rn addition, 
the conductive grooves 42 preferably include electrically 
insulating layers 94 (Figure SF} whioh provide electrical 
insulation from the substrate 14. 

The conductive grooves 42 function as interlevel 
conductors between the circuit side conductors 32 and the 
back side conductors 38. In addition, the conductive ·grooves. 
42 can function to interconnect adjacent packages 10 in a 
stacked assembly. Further, the conductive groo"VeS 42 can 
function as edge o.ontacts for electrically connecting and 
inputting signals from the outside to the package 10. The 
~ackage 10 can be used for any conventional application, but 
is particularly suited to fabricating the .stacking a$semblies 
to be. hereinafter described. · In the case where the package 
10 is not stacked, the stacking contacts 3 6 and. the 
conductive grooves 42 oan function as external dontacts for 
the package 10. 

Referring to Figure 2 1 a stacked as~embly SO 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 desc~ibed for the package 10 shown in Figures 
1A-1F. ln addition, although ·the stacked assembly SO 
includes three packages, any number of packages greater than 
two can be used to form a stacked assembly. ln the stacked 
assembly so,· the package 10-1 is termed the. upper package, 

the package io...:2 is termed the middle package, and the 
package 10-3 is tar.med the lo~er package. 

Still referring to Figure 2, the stacked assembly SO is 
mounted to a supporting ~ubstrate 52 such as a printed 
ciz-cuit board, a xnother board, a daughter board, a multi chip 
module substrate, or any other substrate configured as a 
c:omponent of an electronic device. The supporting aubstrate 
52 includes a plurality of electrodes 54 configured to 
provide physical and electrical connection points for the 
stacked assembly SO. Each electrode 54 aligns.with, and is 
adapted for mating electrical engagement with, a 
_corresponding conduetive groove 42 on the lower package 10-3. 
In addition, conductive fillets 56 physically bond, and 
electrically connect, the conductive grooves 42 on the lower 
package 10-3 to the eledtrodes 54 on the supporting substrate· 
52. '!'he conductive fillets 56 can comprise a metal, such as 
solder, or a conductive polymer material, such as a curable 
conductive adhesiva. 

still referring to Figul::e 2, the stacking contacts 36 on 
the lower package 10-~ are bonded to the back side staoking 
pads 40 on the miCldle 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 upp$r package 10-1. This 
arrangement also electrically connects the circuit side 
stacking contacts 34 and the conductive grooves 42 on the 
packages 10-1, 10-2, 10-3 to one another. The stacked 

packages 10-1, 10-2, 10-3 in tha 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, bondtng of the stacking contacts.36 to 
the back side stacking pads 40 can be ac~omplished using heat 
and pressure. 

Still referring to Figure 2, the stacked assembly 50 
also includes a polymer adhesive layer 58 between the lower 
package 10-3 and the mi:ddle package 10-2, and a polymer 
adhesive layer 60 between tlie middle package 10-2 and the 
upper package 10-1. The polymer adhesive layer~ 581 60 
function to physically bond the _packages 10-1, 10-2, 10-3 to 
one another. l:n addition, the polymer adhesive layers 58, 60 
can comprise an-anisotropic conductive adhesive such that 
electrical conductivity between the packages l0-1, 10-21 10-3 
is also provided. Specifically, an anisotropic conductive 
adhesive is electrically conductive in one direction (e.g., 
z-direction) and electrically insulating in the other two 
orthogonal direction~ (e.g., x direction and y direction}. 
With an anisotropic adhesive u~ed to construct the polymer 
adhesive layers 58, 60 separate electrical paths are 
provided through the polymer adhesiva 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, sepa;rate electrical connections 
are also provided between the packages 10-1, 10-2, 10-3 by 
the staoking conta?ts 36. However, the polymer adhesive 
layers 58, 60 also functions a~ underfill layers to provide 
:mechanical bonding between the packages 10-l, 10-2, 10-3. :rn 
addition, the polymer adhesive layers 58, 60 prevent tilting 
of the packages 10-1, 1_0-2,. 10-3 during bonding of the 
stacking contacts 36 to the back sioe stacking pa.d:;l 40. 

Referring to Figure l, a stacked assembly SOA fabricated 

using three packages lOA-1, 10A-2, 10A-3 .is illustrated. 
Each of the packages 10A-1, lOA-2, lOA-3 is constructed 
substantial1y aa previously described for the package shown 
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in Figures 1A-1F. As such, the packages lOA-1, 1.0A-2, lOA-3 
include circuit side conductors 32A, circuit side stacking 
pads 34A, back side c<>l'.lductors .38A, hack side stacking pads 
40A, and conductive grooves 42A configured substantially as 
previousl.y described for the equivalent·COJ,l\POnents on package 
10. 

However, in this embodintent of.the package, the stacking 
contacts 36A on a package are initially attached ~o the back 
side stacking pada 40A, and then bonded to the circuit side 
stacking pads 34A on an adjacent package during assembly of 
the stacked assetnbl_y 50A. In addition, tbe stacking contacts 
36A on the lower package lOA-3 are bonded to electrodes 54A 
on a supporting substrate S2A. Further, a polymei: adhesive 
layar 62 attaches tbe lower package 10A-3 to the supporting 
substrate 52A~ Still fw;ther, a polymer adhesive layer 64 
attaches the middle package 10.A-2 to the lower package lOA-3, 
and a polymer adhesive layer 66 attachea the upper package 
10A-l to the middla package 10A-2. As with.the previQusly 
described polYIJler adhesive layers SB, GO, the polymer 
adhesive layers 62, 64, 6G can comprise a ·conductive polymer 
such as an anisotropic conductive adhesive. 

Re;Eerring to Figure 4, an alternate embodiment 
$emiconductor package lOB is illustrated. ~he semiconductor 
pack~ge lOB includes circuit side conductors 32B 1 dircuit 
side stacking pads 34B1 back side conductors 3BB, back side 
stacking pads 40B, and conductive grooves 42B configured 
sUbstantially as previously described for the equivalet->:t 
components on pack.age 10. · However, the package lOB also 

includes external contact pads. 68B and ~ternal contacts 70B. 
The external contacts·70B can comprise bumps or balls made of 
an electrically conductive bonaable 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 o~mmunioation with the back side conductors 
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38B, with the back sida stacking pads 40B, with the 
conductive grooves 42B, with the circuit side conductors 32B 
and with the circuit side stacking pads 34B. The external 
contacts 70B function as bonding contacts for bonding the 
paekage lOB to a supporting substrate, and also as electrical 
connection points from the outside to the package lOB. 

Referring to Figure S, a stacked assembly SOB fabrioated 
using three packages 108-1, lOB-2, 10B-3 is illustrated • 

. Each of the packages 101'!-1, lOB-2, 10B-3 is- constru.cted 
substantially as previously described for the package 10B 
shown in Figure 4. Mowever, in this embodiment the external . . 

-contact~ 70B on the lower package 10B-3 are bonded to 

electrodes 54B on a supporting substr~te 52B. In addition, 
the stacking contacts 368· on the lower package lOB-3 are 
bonded to the back side stacking pads 40B on the middl~ 
package lOB-2. Further, the stacking contacts 36B on the 
middle package lOB-2 are bonded to the back side stacking 
pads 40B on the upper package lOB-1. St:>ill further, a 

polymer adhesive layer 72 attaahas the lower package 10B-3 to 
the middle package lOB-2. In addition, a poly.m~r adhesive 
layer 74 attaches the middle package lOB-2 to the upper 

package lOB-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 Figure 6, an alternate embodiment 
semiconductor package lOC is illustrated. 'l'he semiconductor 
package lOC includes circuit side conductors 32C, circuit 
side stacking pads 34C. back side conductors 38C, and 
conductive grooves 42C configured substantially as previously 
dese!ribed for the equivalent components on package 10. 
However, the package lOC also includes external contact pads 

68C and external 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 3BC, with the conductive 
grooves 42C, with the circuit side conductors 32C and with 

the circuit side stacking pads 34C. The external contacts 
70C also function as the stacking c9ntacts for the package 
10C. J:n addition, the external contadts 70C function as 
bonding.contacts for bol'.l.ding the package lOC to a supporting 
substrate and as electrical connection points from the 
outside to the package lOC. The extern.al· contacts 70C can 
comprise bumps or balls made of an electrically conductive 
bondable material suoh as so1der, gold, silver, nickel, 
copper or a conductive polymer. 

aeferring to Figure 7, a stacked assembly SOC fabricated 
.using three packages lOC-1, 10C-2, lOC-3 is illustrated. 

Each of the );>ackages J.OC-1, lOC-2, 10C-3 is con.structed 

substantially as previously described for the package lOC 

shown in Figure 6. However# in this embodiment the external 
dontacts 70C · on the lower package 10C-3 are bonded to 

electrodes 54C on a supporting sub~trate 52C. In addition# 
the 'external contacts 70C on the middle package lOC-2 are 
bonded to the circuit side sta~king pads 34C on the lower 
package 10B-3. Further, the external contacts 36C on the 
upper package lOB-1 are bonded to the circuit side stacking 
pads 34C on the middle package lOC-2. Still further, a 
polymer adhesive layer 16 attache~ the lower package lOC-3 to 
the middle package 10C-2. rn addition, a polymer adhesive 
layer 78 attaches the middle package lDC-2 to .the upper 
package lOC-1. As with the previously described polyme~ 

adhesive layers 58, 60; 62, ~).~L 66, 72, 74, the polymer 

adhesive layers 76, 78 can comprise a cop.duotive polymer such 
as an anisotropic conductive adhesive·. 

Referring to Figures BA-8I1 steps in the method for 
fabricating the ·package 10 (Figure 1A) and the stack~d 

assembly 50 (Figure 2} are illustrated. Although, the method 
is illustrated in connection·witj:i fabrication of ~he package 
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10 and the assembly 50 essentially the same m~thod can be 

used to fabricate the package lOA (Figure 3), the stacked 
assembly SOA (Figure 3}, the package lO:B {Figure 4), the 

stacked asaembly SOB (Figure 5), the package lOC {Figure 6) 

or the staolced assembly SOC (Figure 7) • 
l'.nitially, as shown in Figures SA and 8B, a substrate 80 

containing a plurality of semiconductor dice 12 is provided. 

tn the illustrative embodiment, the substrate 80 com,prises a 
semiconductor wafer. However, the substrate 
comprise a po;rtion of a wafer, or a panel, 

another element containing semiconductor dice. 

80 can also 

a strip or 
As another 

example, the substrate 80 can comprise a panel or a strip 
containing a plurality of partially completed semiconductor 

packages or COD\POnents. In this case the .substrate 80 can··be 

made of an organic material, such a~ a glass filled resin, 
suoh 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 communic:ation with the integrated 

circuits 16 (Figure 1F) contained on the semiconductor 

substrate 14. Each die 12 also includes the passivation 
layer 22, ::;uch as '.BPSG, and opening.s 8.2 through the 

·passivation layer 22 to the die bond pads 20. As shown in 

Figure SA, the substrate 80 also includes spaces 92 between 
tb.e dice 12 configured as streets for saw cutting or 
otherwise singulating the COlllPleted packages 10 (Figure SI). 

Referring to Figures SC and 8D1 after the substrate 80 

and the dice 12 are provided:, the redistribution conductors 

28 are formed on the circuit sides 24 of ~he dice 12 in 

electrical communication with the die bond. pads 20. 

Preferably the redistribution conductors 28 comprise a highly 
conductive metal such as aluminum or an alloy thereof. Other 
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~uitable metals include copper, nickel, silver, tungsten, 
tantalum, palladium, or· alloys of tbase metals. 

The redistribution conducto~s 28 can be formed using a 
subtractive process or an additive process. With a 
sllbtractive process a redistribution layer {RDL) can be 

blanket deposited using a suitable deposition process such as 
CVD, PECVD, LPCVD or sputtering. A mask {not shown) formed 
of .a photoimageable material such as a ~esist can then be 
formed on the. redistribution layer and u~ed to etch the layer 
to form the redistribution conductors 28. Either a wet or a 

dry etch process can be uaed to etch the redistribution layer 
to form the redistribution· conductors 28. Following this 
etch step, the mask can be "stripped• or "lifted off" using a 
suitable pro~ss. 'l'he ;-edistribution conductors 28 can also 
be formed using axi additive process such as deposition 
through a mask . 

. As also shown in Figure BD / following forming of the 
redistribution conductors 28, the insulating layer 30, and a 
pattern of openings 84 through tba insulating layer 30 to the 
redistribution conductors 28 are fonned. The insulating layer 
30 can be initially blanket deposited using a suitable 
deposition process, such as spin on, CVD, PCVD or 
evaporation. One. method for forming the openings 84 is to 
·deposit a layer of resist ·on the blanket deposited layer. 
The layer of :reisi~t can then be exposed using a direct 
imaging process to form a mask for etching the openings 84. 
As another alt~rnative, the insulating layer 30 can comprise 
a photoimageable poly.mer, such as a layer of resist that is 
exposed using a direct imaging process and then developed to 
fo:r.m the opening~ 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 opening,s 80 are formed 
in a pattern required for the circuit side stacking pads 34 
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(Figure SG) and the stacking contacts 36 (Figure BG). In 
some cases the redistribution aonduG:tors 28 and the 

insulating layer 30 can be eliminated entirely by ma.king the 
die bond pads 20 in the required pattern for the circuit side 
stacking pads 34. In this caseT the stacki~g contacts 36 can 
be foxmed directly on the die bond pads 20. 

Referring to Figures SE and SF, following forming of the 
redistribution conductors 28 ilnd the insulating layer 30, tha 
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 ~ subtractive process 
substantially as previously desc~ibed ~or ~he redistribution 
conductors 28. In addition, the circuit side. conductors "32 

can comprise a highly conductive metal such as aluminum, 
copper, nickel# silver, t~gsten, tantalum, palladium, or 
allays of these metals. 

As also shown in Figures SE and BF, the circuit side 
~tacking pads 34 can be formQd in a required pattern on 

terminal portions of the circuit side conductors 32~ In the 
illustrative embodiment, the circuit. side stacking pads 34 
are for.med in alignment with the openings 84 {Figure SD) in 
the insulating layer 30. aowever, as is apparent to those 
skilled in the art, other arrangements are· possible. Ln 
addition, the circuit side stacking pads 34 can comprise the 
same metal as the circuit side conductors 32, or alternately 
a n~n-oxidizing metal such ~s gold, platinwn o~ alloys of 
these metals. rn the case of a non-oxidbdng metal 
elec:troless deposition, electrolytic deposition or other 
suitable plating prooes~ can.be employed to form the circuit 
side stacking pads 34 with a required thickness and 
peripheral outline. 

As also shown in FigU::res SE and BF, openings 86 can also 
be formed through the substrate 80 in the spaces 92 between 
the dice 12. The openings 86 have outside diameters •o• that 
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are larger than the widths of the spaces 92, such that 
following saw cutting through the spa~es 92 arcuate or semi­
circular portions of the openings 86 remain on the dice 12. 
A repre-S'.entative diameter "D" for·the openings is from about 
lOOµm to several mils, or greater depending on the width of 
the spaces 92 (Figure SA} on the substrate 80 which provide 
the streets for singulation of the substrate 80. 

Following plating with a conductive material 88 (Figure 
8G) the openings 8G form the conductive grooves 42 (Figure 
l~) for the packages 10. one method for forming the openings 
86 is with an etching process ~erfoX'In~d 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 
ammoniuxn hydroxide (TMAH). Another method for forming the 
openings 8 6 is 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 SF, the openings .86 muat include 
insulating layers 94 to prevent electrical conduction between 
the donductive grooves 42 (Figure 1A) and the substrate 14 
which typically comprises a semiconductor. With the 
sub~trate 14 comprising silicon, one method for fo:cming the 
·insulating layers 94 i~ by growing ·or depositing silicon 
dioxide (Si02) in the openings 86. For $Xample, ~ilicon 

dioxide can be deposited by CVD or by exposing the openings 
86 to an oxidizing atmosphere such as steam and 02 at an 
elevated tempex-ature (e.g., 950'C). The insulating layers 94 
can also comprise an i~sula~ing polymer such as polyimide 
deposite~ or injected into the openings 86 using a spin on, 
injection or capillary process. 
of the insulating layers can be 
mils,. 

A representative thicknes~ 
from about 100A to several 
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Referring to Figure 8G, following forming of the 
insulating layers 94, the conductive layers 88 can be formed 
in the openings 86 and .on the insulating layers 94. 'l'he 

conductive layers 88 can comprise tubular layers on the 
·sidewalls of the openings 86 substantially as shown. 
41ternately, the conductive layers 88 can comprise 
cylindrical plugs (not shown) that completely fill the 
openings 86. The conductive layers 88 can comprise a 

conductive metal or a conductive polymer deP<>sited into the 
openings 86 using a suitable.deposition process such as CVD, 
electroless deposition, electrolytic depositi~n, or screen 
printing. A conductive metal or a conductive polymer can 
also be injected into the openings 86 u~ing a vacuum system 
and capillary action. 

Still referring to Figure BG, the back sida conductors 
38, and the back side stacking pads 40 can also be fo:rmed on 

. . 

the back sides 26 of the dice 12. The back side conductors 
38 and the back side stacking pads 40 Cl!-n be formed prior to 
or after forming of the conductive layers 88 in the openings 
·86. However, in.either case, the back side conductors 38 and 

the circuit side conductors 32 must be in electrical contact 
with the conductive layers 88 such that the conductive 
grooves 42 (~igure lA) function as interlevel conductors. 

Either a subtractive process or an additive process as 
previously described for the circuit side conductors 32 an4 

the circuit side stacking pads 34, can be used to form the 
back side aonductors 38 and the back side stacking pads ·40. 
In addition, the same materials as previously described for 
forming the circuit side co~ductors 32 and the circuit side 

stacking pads 34, can be use~ to form the back side 
conductors 3 S and the · back side stacking pads 40. The 
pattern of the back side stacking pads 40 exactly matches the· 
pattern of the circuit side stacking pads 34 to permit 
stacking of multiple substrates 80. Figure SH shows the 
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pattern of the back side ~tacking pads 40 and the back side 
conductors 38 as well. 

As also shown in Figure BG, the stacking contacts 36 can 

be formed on the cireuit side stacking pads 34. The i;;taoking 
contacts 36 can comprise a non-oxidizing metal such as gold 
or platinum. ~or reflow applications, the stacking contacts 
36 can compr"ise a solder alloy such as 95%Pb/5%Sn, 

60%Pb/40%Sn, 63%In/37%Sn, or 62%Pb/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, allays of beryllium ~opper, nickel~cobalt­
iron alloys and iron-nickel alloys. The stacking contacts 36 
can also cotnprise 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 comprise a conductive polymer 
such as an isotropic or anisotropic adhe~ive.. 

One method for attaohing the stacking contacts 36 to the 
circuit side stacking pads 34 ia by bonding pre-fabricated 
metal balls to the circuit side stacking pads 34. For 
exainpla, pre-fabricated metal balls are manufactured by 

Mitsui Comtek Corp. of Saratoga, CA under the trademark 

"SENJU SPARKLE BALLS•. '!'be metal balls can be attached to 
the cir~it side stacking pads 34 by soldering, laser reflow, 
bra~;i.ng, welding, or applying a. conductive adhesive. 

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 Falkensea, Germany. The stacking 
contacts 36 can also be formed on the cirouit side atacking 
pads 34 using a conventional wire bonder apparatus adapted to 
form a ball bond, and then to se~er the attached wire. The 
stacking contacts 36 can also be formed by eleotroLytic 

deposition or electroless depoaition of a metal to form 

bun\ps. 
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In the embodiment of the package 10B shown in Figure 4 

having external contacts 70B, and tha package lOC shown in 

Figure 6 having external contacts 70C, the ex~ernal contacts 

7013, 70C can be formed using the same techniques and 

materials as· used for the stacking contacts 36 .. 
Referring to Figure SI the completed packages 10 are 

illust:rated prior to singulation from the substrate 80. 

However, prior to singulation sub~trates 80-1, 80-2 and 80-3 

can be stacked to one another for forming stacked assemblies 

50. In this example, the substrates 80-1, ·so-2, 80-3 are 

substantially identical. In addition, the stacking contacts 

36 on the lower substrate 80-l 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 pad$ 40 on the upper substrate 80-

3. one method for bonding the stacking contacts 36 to the 

back side .stacking pads 40 is by heating in an oven such that 

the stacking contacts 36 reflow and form a metallurgical 

bond. A weight or a jig can also be used to apply pressure 

to the stacking contacts 36 during the reflow procesa. 

As also shown in FiQUre SI, the polymer adhesive layer 

58 can be formed between the lower substrate 80-3 and the 

middle substrate 80-2, and the polymer adhesive layer 60 can 

ha formed between the middle substrata 80-2 and the upper · 

substrate 80-1. ~e polymer adhesive l.aye_rs 58, 6·0 aan ba 

ceposited in viscous form and then cur~d. If the· polymer 

adhesive layers 58, 60 ~omprise a conductive polymer, such as 

an anisotropic adhesive, a weight or a :jig can be used during 

the curing step to compress the adhesiv:e layers 58, 60. The 

polymer adhesive layers 58, 60 help to bond the substrates 

ao-1, 80-2, 80-3 together and to rigidify the stacked 

assembly 5 o. 
With the substrates 80-1, 80-2, 80-3 stacked and bonded 

to one another, a saw blade 90 can be used to sing\llate the 
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stacked assemblies 50. in addition, the saw blade 90 cuts 
through a center line of the openings 86, sudh that the 
conduative vias 42 are formed in the edges of each package 10 
substantially as previously described. Rather than using a 
saw blade 90, the singu1ation step can be performed uaing a 
shearing tool or a pressurized water jet. In addition, the 
singulation step can be performed on a si~le substrate 80 
rather than on a stack, .such that individual packages 10 will 
be formed. 

Thus the invention provides a stackable semicondue!tor 
package, a method for fabricating the package, and a stacked 
assembly constructed with the package. While the invention 

. haS. been describ~d with reference to c.ertain preferred· 
embodiJnents, as will be apparent to those .skilled in the art, 
certain changes and modifications oan be made without 
departi~g 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 comprising a plurality of integrated 

circuits and having a first side, an opposing sec:ond side, 

and a peripheral edge; 
a. plurality of first pads on the first side in 

electrical communication with' the integrated circuits; 
a plurality of oonduotive grooves in tb.e 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 f;lr~t pads and the. second pads having matching 

patterns and configured for bonding to a second package 

substantially identical to the package. 

2. 'l'he package of claim 1 wherein the first pads 

i11clude bumps or balls. 

3 • The package of claim l wherein the second pads 
in.elude bumps or balls. 

4. The package of claim l wherein the conductive 
.grooves comprise partial openings and a conductive material 
in the openings .. 

5 . -The paakage of claim 1 further comprising a 

plurality of first conductors on the first surface in 

electrical communication witn the.first pads and a plurality 
of second conductors on the second s~rface in electrical 
communication with the second pads. 
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6. A aemiconductor package conq;>risingt 
a semiconductor die comprising a plurality of integrated 

circuits and having a circuit side, a back side, and a 
peripheral edge; 

a plurality of circuit side conductors on the circuit 

side in electrical communication with. the integrated 

circuits, and circuit side stacking pad~ on th' circuit side 

in electrica1 communication with the circuit side conductors; . . 
a plurality of conductive grooves in .the periphe:ral edge 

in electrical communication with the circuit $ide conductors; 
a pluX'ality of back side conductors on the back side in 

electrical dommunicati0n with the conductive grooves, and 

back side stacking pads on the back side in electrical 

oonu:nunication with the back side conductors; ~d 

a plurality of contacts on the circuit side stacking 
pads or on the back side stacking pads. 

7. The package of claim 6 -wherein the contacts _comprise 

ball or bumps configured for bonding to a seaond 
semiconductor package substantially identical to ~he package. 

8 . 'l'he package of · claim G further comprising a 

plurality of external contacts on the hack side in electrical 

c0IJ.1muniaation with the back side conductors. 

9 . The package of claim 6 wherein the conductive 
. . 

grooves comprise partial openings at least partially covered 

with conductive 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 comprising: 
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a semiconductor di$ comprising a plurality of integrated. 
circuits and having a circuit side, a baok side q.nd a 
peripheral edge; 

a plurality of staoking contacts on the first side in a 
selected pattern in electrical col11Il\Unication with the 
integrated circuits; 

a plurality of stacking pads on tha second side in the 
selected pattern in. electrical communication with the 
stacking contacts; 

a plurality of condUctive grooves in the peripheral edge 
configured as interlevel conductors betwaen the stacking 

• 
contacts and the stacld.ng pads; 

the stacking contadte confiQ"Ured for bonding· to second 
stacking pads on a second paakage, the stacking pads 
configured for bonding to· second stacking contacts on a third 
package. 

12. The package of claim 11 wherein the stacking 
contacts comprise bumps or balls. 

13. The package of claim 11 wherein the staoking 
contacts comprise a non-oxidizing metal. 

14. The package of claim 11 further comprising a 
plurality 0 f e;xternal contacts on the second side in 
electrical communication with the stacking pads. 

15. ~ semiconductor package comprising: 
a semiconductor die comp+ising a plurality of integrated 

circuits and having a circuit side, a back side and a 
peripheral edge; 

a plurality of stacking pads on the first side in a 
selected pattern in electrical communication with the 
integrated circuits; 
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a plurality of stacking contacts on the second side in 

the selected pattern in electrical comnii.tnication with the 

stacking pads: 
a plurality of conductive grooves in the peripheral edge 

configured as interlevel conductors between the stacking pads 

an.d the stacking contacts~ 
the stacking pads configured for bonding to second 

stacking contacts on a second package, the stadking contacts 

configured for bonding to second stacking pads .on a third 

package. 

16. The package of claim 15 wherein the st~ck!ng 

contact$ comprise bumps or bal~s. 

17. The package of claim 15 wherein the stacking 

contacts comprise hUll\PS or balls on pad:;J. 

18 . The pac~age of claim 15 furthar comprising a 
plurality of external contacts on the second side in 

electrica1 communication with tha stacking pads. 

19. A semiconductor package comprising: 

a semiconductor die domprising a plurality of integrated 

:circuits and having a first side, an opposing second $ide, 

and a peripbera1 edge; 

a plurality of first conductors on the first side in 

e1ectrical COlPl'llUilication With the i~tegrated circuit~; 

a plurality of conductive grooves in the peripheral edge 

in electrical communication w~th the first conductors; and 

a plurality of seaond conductors on the second side in 

electrical COJDmunication with the conductive grooves; 

a plurality of stacking contacts on the first side in 

electrical communication with the first conductor~ and having 

a selected pattern; and 
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a pl.urality of stacking paP,s on the second side in 
electrical communication with the second conductors and 
having the selected pattern. 

2 o. The package of claim 19 wherein the stacking 

contacts are configured for bonding to second stacking. pads 
on a $econd package substantially identical to the package. 

21.. '.rhe package of claim 19 further comprising a 
plurality of external contacts · on the second side ·in. 

aleotrical communication with· the stacking contacts. . .. . 

22. '!'be package of alai:m 19 wherein the stacking 
contacts· are configured as extarnal contacts for tbe package. 

23. A ~emiconductor package con;;>rising: 
a aemioonduetor die comprising a plurality of integrated 

circuits and having a fir$t side, an opposing second side, 
and a peripheral edge1 

a plurality of first donductors on the first side in 
electrical communication with the in:tegrated circuits, 

a plurality of conductive grooves in the p~ripheral edge 
in electrical conimunication with the first conductors; and 

a plurality of second conductors on the second side in 
eleotrioa1 communication with the conductive grooves; 

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

a plurality of st~cking,conta~ts on the second side in 
electrical communication with the second conduc.tors and 
having the selected pattern. 
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24. · The packag& of claim 23 wherein the stacking 

contacts are configured for bonding to second stacking pads 

on a second package substantially identical. to the package. 

25. The package of olaim 23 wherein the stacking 
contadts are configured as external contacts for the package. 

26. The package of rllaim 23 further comprising a 

plurality of external contacts on the second tdde in 

electrical communication with the stacking contacts. 

27. A method for fabricating semiconductor· packages 
comprising: 

providing a plurality of . samiconductor dice on a 
substrate having a first side and a second side;-

foxming 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 tbe dice and in electrical dommunication with the 
first conductors and the second conductors; .and 

·cutting through tb.e substrate and through the conductive 
via.s. to separate the clice and form ~e packages with 
peripheral edges having a· plurality of eonductivQ grooves 
therein. 

28. The method of claim 27 further. conprising forming a 
plurality of stacking contaots 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 colllll\unication with the second conductors. 

29 • The method of claim 27 further comprising fo:r.m.ing 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 eont:(l.cts o:n the dice on the second side 
in electrical oon'll't1Ullication with the ·second cori.ductors. 

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. '!'he method of claim 27 wherein the peripheral edge 
has an outlin~ matching that of th.a die. 

32. The method. of claim 27 wherein the conductive 
grooves comprise semi•oircular portions of the conductive 
grooves. 

33. A method.for fabricating~ semiconductor package 
compriaing: 

providing a substrate containing a semiconductor die 
having opposing sides; 

foming a plurality of conductors on the opposing sides; 
forming a plurality of conductive openings in the 

substrate proximate and at least partially ·on the die in 
electrical communication with the conductors; and 

separating the die f:rom the substrate by cutting through 
the openings to f OX"Jll the package with a peripheral edge 

oorrespond~ng to that of the ·die and conductive grooves in 
the pe:riphera1 edge configured as interlevel conductors 
between the conductors on the opposing ~ides. 

34. The rnethod of claim 33 further cotiq;)rising forming a 
plurality- of stackiJ;l.9 pads and stacking contacts on the 
oppo$ing sides .in electrical COltUJlUnioation With· the 
conductors. 
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35. The method of claim 33 further comprising forming a 
plurality of external contacts on the die in electrical 
communication with the conductors. 

36. The method of claixn 33 wherein the substrate 
c.omprises a semiconductor wafer containing· a plurality of 

dice. 

37. Th.a method of claim 33 further com.prising stacking 

the substrate on a second substrate, bonding the seeond 
substrate to the substrate, and pe~forming the separating 
step on the substrate bonded.to the second substrate. 

38. · A method for fabricating semiconductor packages 
comprising: 

providing a plurality of semiconductor dice . on a 
sub~trate having a first aide 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 
second side in the selected patterxu 

fo:rming a plurality of openings in the substrate between 
the dice; 

forming conductive layers in the openings in electrical 
communication with the· staaking ·contacts and with the 

stacking pads; 
stacking the substrate to a substantially identical 

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

cut tti:ng through the substrate, through the second 
substrate and through the conducti~e vias to separate the 
dice and form stacked assemblies having a plurality of 
conductive grooves in periphe:cal edges thereof. 
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3.9. The method of claim 38 wherein the s~acking 

contacts comprise bUl.T\PS or balls. 

40. Tba method of claim 38 wherein the conductive 

g~ooves include semi-circular portions of the openings, 

41. The method of claim 38 wherein the conductive 

layers cover sidewalls of the openings. 

42. A method for fabrioating semiconductor packages 

comprising; 
providing a plurality of semiconductor dice on a 

substrata having a first side and a seoond·side; 

forming a plurality of stacking pads on the dice on the 

first side-in a selected pattern; 

forming a plurality i:>f stacking contacts on the dice on 

the second side in the selected pattern; 

fol:llling a plurality of openings.in tbe substrate between 

the diC:e.i 

forming conductive layers in the openings in electrical 

co:mmunioation with the ~tacking contacts and with the 

stacking pads; 

stacking the substrate to a substantially identical 

second substrate and bonding the stacking contacts to second 

~tacking pads on the .second subst:rate; 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 groove13 in periphex:_al edges thereof. 

43. The method of olaim 42 whe:rein the stacking 

contacts comprise bUl'ltps or balls. 
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44. The :inethod. of claim . 42 wherein the conduct! ve 

grooves include semi-circular portions of the openings. 

45. The method of elaim 42 wherein the conductive 
layers cover sideWalls of the.openings. 

46. A stacked semieond;uetor aasembly 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 plur~l.ity of first pads on the firat ·side in 
electrical communication with the integrated cirouits; 

a plurality of conductive grooves i~ the peripheral edge 

in electrical communication with the first pac1s; 

a ·plurality of second pads on· the second side in 

electrical communication with the conductive groove?; and 
a second package substantially identical to the package, 

st~eked on the package and bonded to the first pads or to the 
second pads. 

47. The assEmtbly of claim. 46 further comprising an . . 
adhesive polymer bonding the package to the second package. 

48. The assembly of claim 46 further compris;ng an 
anisotropic conductive adhesive bonding the package to the 
seoond package. 

49. The assellll>ly of claim 46 further Colt\Prising a 

plurality of external contacts on the first package in 

electriaal communication with the second pads and a 

supporting substrate having a plurality of electrodes bonded 

to the extex:nal con~acts. 
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5 O. 'l'he assembly of claim 46 ful".ther comprising a 

supporting substrate and an anisotropic conductive adhesive 

bonding the package to the supporting subatrate. 

51. 'l'he assembly of claim 46 wherein the first pads 

include bumps or balls. 

52. The assembly of olailn 46 wherein the second pads 

include bumps or balls. 

53. The assembly of alaim 46 wherein the ·conductiva 

gx-ooves comprise partial openings and a conductive material 

in the openings. 

54. The assembly of claim 46 further comprising a 

plurality of first conductors on the first sur.f'ace in 

electrical communication with the f-irst pads and a plurality 

of second conducto:r:.s on the seeond surface in electrical 

communication with the second pads. 

55. A stacked seid.eonductor assembly comprising: 

a first package and a second package each package 

comprising: 

a semiconductor die C!omprising a plurality of 

integrated ~irouits. and having·a circuit side, a back side 

and a peripheral edge; 
a plurality 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 conununicatio~ with the 

stacking pads; and 
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a plurality of ciondllative groo-ves in the peripheral 
edge configured as interlevel conductors between tha stacking 
pads and.the stacking contacts; 

the first package stacked to the second package wi~ the 
·stacking contacts on the first package bonded to the stacking 
pads on the second package. 

, 5 6. · The assembly of ¢laim 55 further comp:rising a 
polymer adhesive layer between the first package and the 
second package. 

57. The assembly of claim ·ss further comprising a 

conductive polymer adhesiva layer between the first package 
and the :;econd package, 

58. The assembly of claim 55 wherein tha stacking 
contacts oornprise bumps or balls. 


