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(57) ABSTRACT 

A variety of non-rectangular IC chips having a stepped or 
modified periphery or edge profile including one or more 
recessed or indented peripheral regions are provided for 
incorporation in modified package configurations, single chip 
packages and multi-chip assemblies, both stacked and/or pla 
nar. In the planar configurations, the recessed regions may be 
utilized, in cooperation with another appropriately sized IC 
chip, to increase the packing density of the resulting device. 
Similarly, in the stacked configuration, the recessed regions 
may be utilized to provide access to bond pads of lower chips 
and thereby reduce the need for spacers or peripheral thinning 
techniques and thereby improve the strength of the resulting 
assembly and/or reduce the overall height of the stacked 
Structure. 

6 Claims, 18 Drawing Sheets 
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FIG. 1 
CONVENTIONAL ART 
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FIG. 3A 
CONVENTIONAL ART 

FIG. 3B 
CONVENTIONAL ART 
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SEMCONDUCTOR PACKAGE HAVING STEP 
TYPE DIE AND METHOD FOR 
MANUFACTURING THE SAME 

PRIORITY CLAIM 

This U.S. non-provisional application claims priority 
under 35 U.S.C. S 119 to Korean Patent Application No. 
2004-22666, which was filed Apr. 1, 2004, the contents of 
which are incorporated herein, in its entirety, by reference, 
and is a continuation-in-part of U.S. patent application Ser. 
No. 10/805,212, filed Mar. 22, 2004, now abandonded which 
claims priority under 35 U.S.C. S 119 to Korean Patent Appli 
cation No. 2003-17968, which was filed Mar. 22, 2003, the 
contents of which are incorporated herein, in their entirety, by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to semiconductor 

integrated circuit (IC) chip and packaging assemblies thereof 
and, more particularly, to IC chips or dies having stepped, 
modified or otherwise non-rectangular peripheries and 
related single-chip or multi-chip packages incorporating one 
or more such IC chips in combination with other such IC 
chips and/or conventional IC chips. 

2. Description of the Related Art 
In general, semiconductor products are manufactured 

through three main process groupings or categories; i.e., 
wafer fabrication, package assembly, and test. Wafer fabrica 
tion typically includes all processing steps, e.g., thermal pro 
cessing, ion implantation, deposition, planarizing, photoli 
thography and etching, necessary to take a bare 
semiconductor wafer or other suitable substrate and create a 
number of integrated circuit (IC) devices in and on a primary 
Surface. 

After wafer fabrication has been completed and, in some 
instances, some preliminary parametric and/or functional 
testing has been performed, the semiconductor wafer will 
undergo a wafer dicing process. During this process, the 
thickness of the semiconductor wafer will typically be 
reduced by removing a backside portion and portions of the 
wafer below the scribe lines or kerf regions provided between 
adjacent IC chips is removed or split to separate the individual 
IC chips from each other. The wafer dicing process is also 
Sometimes referred to as a wafer sawing or wafer scribing 
process. 
Once the individual IC chips have been separated from the 

semiconductor wafer, they may assembled to form a final 
device package by, for example, attaching an IC chip to a 
substrate, such as a lead frame, that will provide for external 
connection to IC chip to a circuit board or socket. The IC chip 
and at least a portion of the Substrate and the electrical con 
nections formed between the chip and the substrate will typi 
cally be encapsulated for improving the resistance of the 
device package to mechanical damage and contamination 
from the external environment. The final device package may 
include one or more IC chips and, in the case of a multi-chip 
package, may include chips that are Substantially identical or 
may include chips having a variety of functions and/or sizing. 
For example, a multi-chip package may be configured to 
include both a microprocessor IC chip coupled with a 
memory chip in a single package. 
Most conventional IC chips have a generally square or 

rectangular shape when observed in a plan view. This con 
figuration is due, at least in part, to the conventional wafer 
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2 
dicing technique which is shown in FIG. 1. As illustrated in 
FIG. 1, the dicing machine moves a rotating dicing blade 14 
along the scribe lines S provided between adjacent rectangu 
lar IC chips 12 formed on semiconductor wafer 10. Because 
the cut length of the dicing blade 14 is typically at least a 
significant fraction of the lengths of the sides of the IC chips 
12, the dicing machine is typically limited to making long, 
straight cuts and cannot effectively or efficiently cut more 
complex IC chip profiles. Accordingly, conventional IC chip 
profiles are almost exclusively rectangular, although triangu 
lar or non-rectangular parallelogram profiles are also pos 
sible. 
An alternative dicing technique has been developed that 

utilizes a laser scriber rather than the conventional dicing 
blade to address Some of the problems associated with dicing 
blades. Such as chipping, that can reduce device yield and/or 
reliability. A laser dicing or scribing technique is, for 
example, taught in Applicants previous U.S. patent applica 
tion Ser. No. 10/805.212, for forming non-rectangular IC chip 
profiles. For example, a Mahoh Dicing Machine, available 
from Tokyo Seimitsu Co., Ltd., may be utilized for cutting 
semiconductor wafers using a non-contact method that tends 
to reduce or eliminate the damage to the wafer Surface asso 
ciated with conventional sawing. Specifically, the laser dicer 
focuses a laser beam on a subsurface region of the semicon 
ductor wafer to form a modified region that tends to grow or 
propagate vertically along a narrow width for separating IC 
chips while reducing damage. Such as chipping, associated 
with removing a portion of the wafer with abrasives as in 
conventional sawing techniques. 
The generally square or rectangular shape of the conven 

tional IC chip tends to be reflected in the shape of the pack 
ages incorporating Such IC chips, whether the package is a 
single-chip package or a multi-chip package. Because the 
shape of the conventional packages, like the conventional IC 
chips, is generally square or rectangular, the sizing of the 
various packages mounted on a single Substrate, such as a 
circuit board, may reduce the packing density that may be 
obtained and/or increase the size of the substrate required to 
mount all of the intended IC chips. 

Moreover, the conventional square or rectangular shape of 
the IC chips may complicate efforts to reduce the overall 
height or thickness of multi-chip packages. For example, 
when two IC chips are stacked, if the upper chip is of a size 
that will obstruct one or more bond pads on the lower chip, a 
suitable spacer must be inserted between the chips to ensure 
that the bond pads of the lower chip remain accessible. As 
illustrated in FIG. 3A, however, incorporating a spacer will 
tend to increase the overall thickness of the resulting chip 
stack by a dimension S2. 
One approach for addressing this interference between the 

upper and lower IC chips has been to remove a lower periph 
eral portion of the upper chip to form a recessed opening of 
sufficient size to permit wire bonding to the bond pads of the 
lower chip as illustrated in FIG. 3B. However, because por 
tions of the upper chip are thinned, this technique may intro 
duce additional problems by increasing the likelihood that the 
weaker cantilevered portion of the upper chip may be cracked 
or broken during wire bonding when compared with the per 
formance of a corresponding full thickness chip. 

Another approach for addressing the obstruction of the 
bond pads on the lower chip is rotating the upper chip with 
respect to the lower chip to provide for a "diagonal mounting 
orientation and thereby expose additional wire-bonding areas 
on the lower chip. This technique is, however, somewhat 
limited in the range of relative chip sizes and orientations for 
which improved access to the lower chip bond pads is 
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achieved without also creating significant cantilevered por 
tions that would be more Susceptible to mechanical damage, 
increasing the overall package size, and/or increasing the 
complexity of the apparatus and/or control device used to 
achieve the offset alignment. 

SUMMARY OF THE INVENTION 

Exemplary, non-limiting embodiments of the invention 
provide a variety of IC chips having non-rectangular edge 
profiles incorporating one or more recessed portions and 
single chip and multi-chip packages that incorporate one or 
more of such stepped or modified edge profile IC chips. 

Exemplary semiconductor dies according to the invention 
will include a modified generally rectangular periphery char 
acterized by a maximum width Wo and a maximum length Lo. 
As illustrated in FIG.5A, a single recessed region R formed 
along one side and extending to the corner which will reduce 
the width dimension of the adjacent side by a first recess depth 
D, thereby forming a first minor width W, and reduce the 
original length Lo by the first recess length L, thereby 
forming a first minor length L. As will be appreciated, the 
number, sizing and relative positioning of the recessed region 
or regions incorporated in an IC chip according to the inven 
tion may produce a range of major and minor edges and 
dimensions. Further, the recessed region(s) may be posi 
tioned in a generally asymmetric manner with respect to the 
primary rectangular base structure or, alternatively, may be 
configured to be symmetrical about one or more vertical, 
horizontal or diagonal axes. 
An exemplary method for manufacturing Such stepped pro 

file IC chips includes the steps of forming a plurality of dies 
on a semiconductor wafer, wherein each of the individual die 
includes a die periphery that includes a recessed region and 
then separating the individual dies from the wafer. An exem 
plary technique for separating the individual dies from the 
semiconductor wafer includes laser scribing the die periphery 
to form weakened regions in the wafer and then separating the 
individual die from adjacent dies along the weakened regions. 
Another exemplary technique for separating the individual 
dies from the semiconductor wafer includes removing an 
upper portion of the wafer adjacent the recessed region and 
outside the die periphery to form an opening in an active 
surface of the wafer, removing a lower portion of the wafer 
thickness from a side opposite the active Surface, i.e., back 
side, the total of the upper portion and the lower portion being 
at least equal to an original thickness of the wafer, and then 
removing a remaining portion of the wafer along scribe lines 
provided between adjacent die. 
The exemplary stepped profile dies according to the inven 

tion may be arranged or patterned on a semiconductor wafer 
in a number configurations. One such exemplary configura 
tion places adjacent die whereby the recessed regions of at 
least two adjacent dies are complementary and the adjacent 
dies are separated by a substantially uniform distance along 
their entire periphery. Another such exemplary configuration 
places adjacent dies whereby the recessed regions of at least 
two adjacent dies are not completely complementary and the 
adjacent dies are separated by substantially different dis 
tances at different points along adjacent portions of the die 
peripheries. 

In addition to the stepped or modified edge profile provided 
on the exemplary IC chips, the bond pad configuration may 
also be modified with an exemplary configuration locating a 
plurality of bond pads adjacent the die periphery whereby no 
bonding pads are provided adjacent a portion of the die 
periphery bordering the recessed region. Another exemplary 
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4 
configuration includes plurality of bonding pads provided 
along only a single Substantially linear portion of the die 
periphery. 

Also provided are a range of exemplary multi-chip pack 
ages incorporating one or more exemplary stepped edge pro 
file IC chips or dies. One such exemplary package includes a 
Substrate, the Substrate having a contact region; and a first 
semiconductor die having a stepped periphery including a 
recessed region, wherein the first semiconductor die is 
mounted on the Substrate in a manner whereby the contact 
region is exposed within the recessed region. Another exem 
plary package includes, as the Substrate, a lower semiconduc 
tor die having a contact region that includes at least one bond 
pad; and a plurality of bond pads are provided on an active 
surface of the first semiconductor die. Another exemplary 
package includes bond pads arranged on the active Surface of 
the first semiconductor whereby the bond pads are positioned 
only on an extended, i.e., not recessed, region. Another exem 
plary package includes a substrate, the Substrate having a 
contact region; and a first semiconductor die having a stepped 
periphery including a recessed region, with the first semicon 
ductor die mounted on the substrate in a manner whereby the 
contact region is exposed within the recessed region. 

Also disclosed are a range of exemplary method of manu 
facturing such packages. An exemplary method includes the 
steps of preparing a Substrate; mounting a first semiconductor 
die on the Substrate, the first semiconductor die including a 
first plurality of bond pads; forming second semiconductor 
die having a stepped periphery including a first recessed 
region; and mounting the second semiconductor die on the 
first semiconductor die, the second semiconductor die being 
mounted on the first semiconductor die in a manner whereby 
the first plurality of bond pads is exposed within the first 
recessed region. Another exemplary method may include 
additional steps including forming a third semiconductor die 
having a modified rectangular periphery including a second 
recessed region and mounting the third semiconductor die on 
the second semiconductor die, the third semiconductor die 
being mounted on the second semiconductor die in a manner 
whereby a second plurality of bond pads provided on an 
active surface of the second semiconductor device is exposed 
within the second recessed region. Other exemplary embodi 
ments may also include the steps of forming electrical con 
nections between the first and second plurality of bond pads 
and the Substrate and/or forming electrical connections 
between a third plurality of bond pads provided on an active 
surface of the third semiconductor die and the substrate. 

Another exemplary method of manufacturing a semicon 
ductor device package may include preparing the first, second 
and third semiconductor dies to have substantially identical 
configurations, and assembling the dies Such that the second 
semiconductor die is in an orientation rotated approximately 
180° relative to the first semiconductor die and the third 
semiconductor die. Another exemplary method of manufac 
turing a semiconductor device package may include prepar 
ing first, second and third semiconductor dies having Substan 
tially identical configurations, and assembling the dies Such 
that the second semiconductor die being in an orientation 
rotated approximately 90° relative to the first semiconductor 
die and the third semiconductor die. 

Another exemplary embodiment of a planar package con 
figuration according to the invention includes a first semicon 
ductor die, the first semiconductor die having a stepped 
periphery including a recessed region, the first semiconductor 
die being mounted on a Substrate; and a second semiconduc 
tor die, the second semiconductor die being mounted in a 
generally planar orientation relative to the first semiconductor 
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die and in a manner whereby at least a portion of the second 
semiconductor die lies within the recessed region. Other 
exemplary embodiments include IC chip configurations in 
which the second semiconductor die lies substantially within 
the recessed region or, alternatively, lies completely within 5 
the recessed region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will become more apparent by describing in 10 
detail exemplary embodiments thereof with reference to the 
attached drawings in which: 

FIG. 1 is a perspective view showing a conventional wafer 
dicing process; 

FIG. 2 is a view a laser wafer dicing process; 15 
FIGS. 3A and 3B illustrate two different conventional 

Stacked chip packages; 
FIG. 4 illustrates an embodiment of the invention; 
FIGS.5A and 5B illustrate exemplary embodiments of the 

invention with representative dimensions and axes; 2O 
FIG. 6 illustrates the assembly of a multi-chip package 

according to the invention; 
FIG. 7 is apartial cross-section of the assembled multi-chip 

package of FIG. 6; 
FIG. 8 is a plan view of an IC chip according to the inven- 25 

tion; 
FIG. 9 illustrates a variety of possible IC chip stepped edge 

profiles (a) to (k) according to the invention; 
FIGS. 10 and 11 illustrate alternative orientations of a 

plurality of IC chips as illustrated in FIG.8 on the surface of 30 
a semiconductor wafer; 

FIGS. 12 and 13 are perspective views of embodiments of 
the invention; 

FIG. 14 is a plan view of a multi-chip package according to 
the invention; 35 

FIGS. 15A and 15B are a plan view and a cross-sectional 
view respectively of an embodiment of a multi-chip package 
according to the invention; 

FIGS. 16 and 17 are plan views of alternative embodiments 
of multi-chip packages according to the invention; 40 

FIGS. 18 and 19 are plan views of alternative exemplary IC 
chips according to the invention; 

FIGS. 20A, 20B and 21 are, respectively, plan views of 
alternative arrangements of exemplary IC chips according to 
the invention formed on a semiconductor wafer and an IC 45 
chip as illustrated in FIGS. 20A-20B after separation from the 
semiconductor wafer; 

FIGS. 22 and 23 are plan views of an exemplary IC chip 
and an arrangement of exemplary IC chips according to the 
invention in a stacked chip arrangement; 50 

FIGS. 24 and 25 are plan views of an exemplary IC chip 
and an arrangement of exemplary IC chips according to the 
invention in a stacked chip arrangement; 

FIGS. 26 and 27 are, respectively, plan views of an exem 
plary IC chip according to the invention and a multi-chip 55 
stack package according to the invention incorporating Such 
an IC chips: 

FIGS. 28 and 29 are, respectively, plan views of an exem 
plary IC chip according to the invention and a multi-chip 
stack package according to the invention incorporating Such 60 
an IC chip; and 

FIGS. 30-32 are plan views of exemplary multi-chip stack 
packages according to the invention. 

These drawings have been provided to assist in the under 
standing of the exemplary embodiments of the invention as 65 
described in more detail below and should not be construed as 
unduly limiting the invention. In particular, the relative spac 

6 
ing, positioning, sizing and dimensions or the various ele 
ments illustrated in the drawings are not drawn to scale and 
may have been exaggerated, reduced or otherwise modified 
for the purpose of improved clarity. Those of ordinary skill in 
the art will also appreciate that a range of alternative configu 
rations have been omitted simply to improve the clarity and 
reduce the number of drawings. Similarly, those of ordinary 
skill will appreciate that certain of the various structural ele 
ments illustrated in the exemplary embodiments may be 
selectively and independently combined to form other struc 
tural configurations useful for manufacturing IC chips and 
semiconductor device packages incorporating Such IC chips 
without departing from the scope and spirit of this disclosure. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

A variety of non-limiting, exemplary embodiments of the 
present invention will now be described more fully hereinaf 
ter with reference to the accompanying drawings. Those of 
ordinary skill in the art will, however, appreciate that the 
invention may be embodied in many different forms and 
should not be construed as limited to the exemplary embodi 
ments set forth herein. Rather, the disclosed embodiments are 
provided so that this disclosure will be thorough and com 
plete, and willfully convey the scope of the invention to those 
skilled in the art. The principles and feature of this invention 
may be employed in varied and numerous embodiments with 
out departing from the scope of the invention. In the descrip 
tion, those structures and processes that would be well-known 
to one of ordinary skill in the art have not been described or 
illustrated in detail to avoid obscuring the present invention. 

FIG. 4 illustrates an exemplary embodiment of the inven 
tion in which a multi-chip package 40 incorporates a first IC 
chip 12 having a conventional rectangular edge profile and a 
second IC chip 50 having a modified edge profile according to 
the invention. The IC chips 12,50 are mounted on a substrate 
41 which also provides external connection structures. Such 
as solder balls 44, for connecting the IC chips to a circuit 
board or appropriately configured socket or other fixture. 
As illustrated in FIGS. 5A and 5B, IC chips according to 

the invention depart from a conventional rectangular edge 
profile, WoxLo, by incorporating one or more recessed 
regions R. . . . R., having recessed edges that may be sub 
stantially parallel to the outermost or primary edge segments. 
Illustrated in FIG. 5A is an exemplary chip that incorporates 
a single recess R, characterized by a depth, D, and a length 
L. that reduce the original Wo and Lodimensions to W, and 
L. respectively. More than one recessed region may be pro 
vided along one or more of the primary edge segments and 
recessed regions provided on adjoining primary edge seg 
ments may intersect and cooperate to define a generally 
L-shaped recessed region (not shown). The IC chip and the 
placement and orientation of the recessed region(s) may be 
characterized with respect to both diagonal axes D1, D2, and 
a pair of perpendicular axes V, H and may exhibit symmetry 
with respect to one or more of the axes. Illustrated in FIG. 5B 
is an exemplary chip incorporating two recessed regions R. 
R, the R recess being characterized by a recess length L. 
and depth D, that may be the same as or different from the 
corresponding dimensions of the first recess and result in an 
addition reduction of the original width to W, and a second 
reduced length L. 
As illustrated in FIGS. 6 and 7, a multi-chip stack package 

90 includes a substrate 91 on which a plurality of leads or 
other conductive patterns 92 are arranged around a central 
chip mounting region. A plurality of IC chips 80a, 80b, 80c. 
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are sequentially mounted in a stacked configuration on the 
chip mounting region of the Substrate. Each of the IC chips 
includes a pair of recessed regions 82a, 82b, 82c provided on 
opposite sides of one end of the IC chip. The ends of the IC 
chips opposite the recessed regions 88a, 88b', 88c' remain 
substantially full width and include a plurality of bond pads 
85a, 85b, 85c for connecting bonding wires 93, 94, 95, col 
lectively 96, between the respective IC chips and the leads 92. 
The IC chips 80a, 80b, 80c may be attached to the substrate 
and one another using any suitable adhesive layer 97 with 
each of the upper IC chips 80b, 80c being rotated 180° relative 
to the IC chip on which it is being mounted. In this manner the 
recessed regions 82b', 82c' of the upper IC chips are aligned 
with the full width regions 88a', 88b' of the IC chips on which 
they are mounted, thereby providing an opening slightly 
larger than the thickness of the IC chips for attaching bonding 
wires 93 to the bond pads 85a of the bottom IC chip. 
As illustrated in FIG. 8, forming a single recessed region32 

in IC chip 30 having nominal side surfaces 36, 37, substan 
tially perpendicular to one another and that intersect at the 
corners 31 of the IC chip will produce at least two outer side 
surfaces 36', 37" having reduced length and recessed side 
surfaces 36",37". Depending on the relative sizing and place 
ment of the single recessed region the IC chip 30 may assume 
a generally L-shaped, when the recessed region encompasses 
a corner, or C-shaped, when the recessed region is contained 
within one side surface of the IC chip (not shown in FIG. 8). 
When more than one recessed region is utilized, a wide 

variety of IC chip edge profiles may be produced as Suggested 
by the exemplary edge profiles illustrated in edge profile 
diagrams (a) through (k) of FIG. 9. As indicated in FIG. 5, 
depending on the sizing and placement of the recessed 
regions, the resulting IC chip edge profiles may exhibit sym 
metry about one or more of the primary diagonal and/or 
perpendicular axes. For example, edge profile diagram (a) 
would be symmetrical about axis V, edge profile diagram (b) 
would be symmetrical about axes V and H, and edge profile 
diagram (e) would be symmetrical about axes D1, D2, Vand 
H 

As illustrated in FIG. 10, a plurality of IC chips 30 can be 
arranged on a semiconductor wafer in a repeating pattern 
having step dimensions corresponding to the primary dimen 
sions of the IC chip. As shown, all of the IC chips arearranged 
in Substantially the same orientation and may be separated by 
scribing, particularly by laser scribing, along the various 
scribe lines 26a, 26b, 26c. 36. Once scribed, a portion 31 can 
be removed to form the recessed region in the IC chip 30. It 
portion 31 does not contain a separate semiconductor device, 
this portion of the semiconductor wafer is typically scrap. 
As illustrated in FIG. 11, in those instances in which the IC 

chip 30 has a suitable edge profile, two or more of the IC chips 
can be grouped as a unit 30a that has a generally rectangular 
periphery. This grouping can then be repeated across the 
surface of the semiconductor wafer with the individual IC 
chips Subsequently being separated along scribe lines 30, 36. 
46a. 46b, 46c and thereby reduce the scrap associated with 
unpatterned portions of the semiconductor wafer and reduce 
the effective cost of each of the resulting devices. 

FIG. 12 illustrates an exemplary embodiment of the inven 
tion in which a multi-chip package 70 incorporates a first IC 
chip 12 having a conventional rectangular edge profile and a 
second IC chip 50 having a modified edge profile according to 
the invention. The IC chips 12,50 are mounted on a substrate 
71 which also provides external connection structures, such 
as solder balls 74, for connecting the IC chips to a circuit 
board or appropriately configured socket or other fixture. 
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8 
FIG. 13 illustrates an exemplary embodiment of the inven 

tion in which a single-chip package 60 incorporates a single 
IC chip 50 having a modified edge profile according to the 
invention. The IC chip 50 are mounted on a substrate 61 
which also provides external connection structures, such as 
solder balls 64, for connecting the IC chips to a circuit board 
or appropriately configured socket or other fixture. In both 
FIGS. 12 and 13, the resulting semiconductor device package 
also exhibits a non-rectangular edge profile that generally 
corresponds to the configuration of the chip and/or chips 
provided on the leadframe. 
As illustrated in FIG. 14, in addition to incorporating an 

edge profile modified with one or more recessed regions, IC 
chips according to the invention may also incorporate a modi 
fied distribution of the bond pads that may take into consid 
eration the placement and connection means of adjacent IC 
chips. As illustrated in FIG. 14, a multi-chip package 70a 
includes both a rectangular IC chip 12 and a modified IC chip 
50. However, rather than the conventional uniform distribu 
tion of bond pads along opposing edges and/or along agen 
erally longitudinal axis, the bond pads 72, 72a, 75, 75a of 
both the IC chips 12, 50 and the substrate 71, have been 
distributed somewhat asymmetrically. In particular, in this 
instance the modified IC chip 50 does not include any bond 
pads along the edge 52 of the recessed region, while the 
rectangular IC chip 12 includes internal bond pads 75a, i.e., 
bond pads not adjacent an exteriorportion of the substrate 71, 
along only a portion of one edge, taking into account the 
reduced spacing between the IC chips 12, 50 along another 
portion of that same edge. The bond pads on the IC chips and 
the Substrate are, in turn, connected with a series of bonding 
wires 73, 73a. 
As illustrated in FIGS. 15A and 15B, another exemplary 

embodiment of a multi-chip package 70b according to the 
invention includes IC chips 12, 50 in which the bond pad 
arrangement on IC chip 50 does not include any bond pads 
along the edge 52 of the recessed portion. As illustrated in 
FIG. 15B, a cross section view taken along the line 15b'-15b' 
of FIG. 15A, the IC chip 12 may be configured for flip chip 
mounting whereby an array of bond pads (not shown) on the 
active surface of the IC chip are connected directly to corre 
sponding bond pads provided on the Substrate through a con 
ductive structure such as solder balls or solder bumps and 
thereby avoid the use of bonding wires for connecting chip 
12. 
As illustrated in FIG. 16, another exemplary embodiment 

of multi-chip packages according to the invention may 
include IC chips 12a, 12b, 12c, 50, configured for flip chip 
mounting to the substrate 71 to avoid the need for any bonding 
wires at all, thereby tending to provide for a higher packing 
density of the IC chips on the substrate and providing for a 
single attachment technique. As suggested by FIG. 16, the 
packing density can also be improved by the use of appropri 
ately sized IC chips that cooperate to fill the substrate surface 
Substantially completely. 
As illustrated in FIG. 17, another exemplary embodiment 

of multi-chip packages according to the invention may 
include IC chips 12.50a, 50b in which the edges 52a, 52b of 
the recessed portions of the stepped edge profile IC chips 
cooperate to form an internal opening into which IC chip 12 
may be placed. Again, each of the incorporated IC chips may 
be configured for flip chip mounting to the substrate 71 to 
avoid the need for any bonding wires at all, thereby providing 
for a higher packing density of the IC chips on the Substrate 
and providing for a single attachment technique. 
As illustrated in FIG. 18, an exemplary embodiment of the 

stepped or modified edge profile IC chip 50 may include 
IPR2026-00066 
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exterior or primary edges 57, 56, corners 51 and a minor or 
recessed portion edge 54a, along which bond pads 54, 54a 
may be distributed generally uniformly. Conversely, as illus 
trated in FIG. 19, another exemplary embodiment of a similar 
modified edge profile IC chip 50 may provide bond pads only 
along the external edges, i.e., having no bond pads along the 
recessed edge portion 54a, which may be particularly useful 
for incorporation in the basic multi-chip configuration illus 
trated in, for example, FIG. 17, wherein another IC chip or 
chips will be positioned at least partially within the open area 
defined by the recessed portion and would tend to complicate 
conventional wire bonding along the recessed edge. 

FIGS. 20A and 20B illustrate alternative arrangements for 
a plurality of stepped or modified edge profile IC chips 80 
having an opposed pair of primary edges 88 that include both 
a substantially standard portion 88 on which bond pads are 
provided and a recessed portion 88". As seen in FIG.20B, by 
alternating the orientation of the IC chips being formed on the 
semiconductor Substrate, the open or scrap region can be 
reduced or eliminated and the chip density increased accord 
ingly. In some instances however, it may be desirable to 
maintain portion of the semiconductor wafer Such as that in 
FIG. 20A that will not be incorporated into the final IC chips. 
Such regions may be used for forming test plug structures to 
allow enhanced parametric and functional testing of the struc 
tures formed, particularly when establishing a new manufac 
turing process or qualifying a new line or a new piece of 
equipment. Such test structures may incorporate a series of 
capacitors, resistors, transistors and alignment structures that 
can be analyzed to provide a much more detailed understand 
ing of the quality and effective sizing of the key functional 
components. 

FIG. 21 illustrates an exemplary embodiment of the IC 
chips illustrated in FIGS. 20A and 20B after separation to 
obtain an individual IC chip 80. As suggested in FIGS. 20A 
and 20B, the IC chip 80 may include two recessed regions 82 
on opposite sides at a first end of the chip and standard or full 
width regions 88 having a surface 86 on opposite sides of the 
chip at a second end of the chip. The full width regions 88, 88 
having bond pads 85 and recessed regions 82 generally Sur 
roundan internal functional or cell region 83 that includes the 
memory, logic and/or input/output circuitry necessary for the 
device to function properly. The end of the full width portion 
of the chip may be designated as including left 89 and right 87 
portions that are incorporated in corners 84 and 81 respec 
tively. 
As illustrated in FIG. 22, another exemplary embodiment 

of a stepped or modified edge profile IC chip 180a according 
to the invention may include a single recessed region 182a 
having an edge 188a" adjacent a single full width region 188a' 
containing bond pads 185a that cooperate to form one side 
188a of the IC chip. As illustrated in FIG. 23, an exemplary 
embodiment of a stacked multi-chip package 190 according 
to the invention can be formed by mounting modified edge 
profile IC chip 180a of FIG. 22 on a second modified edge 
profile IC chip 180b. As shown in FIG. 23, in this instance the 
recessed portion 188b" and the full width portion 188b' hav 
ing bonding pads 185b of the second chip are reversed relative 
to those of IC chip 180a. Accordingly, when IC chip 180a is 
mounted on IC chip 180b, and vice versa, the recessed area of 
the upper chip will expose the bonding pads 185b of the lower 
chip, thereby providing a single accessible row of bond pads 
185a, 185b for connecting the chips to a substrate. 
As illustrated in FIG. 24, another exemplary embodiment 

of a stepped or modified edge profile IC chip 280a according 
to the invention may include two recessed regions 282a hav 
ing an edge 288.a" adjacent an extended region 288.a' contain 
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10 
ing bond pads 285a that cooperate to form opposite sides 
288a of the IC chip. As illustrated in FIG. 25, an exemplary 
embodiment of a stacked multi-chip package 290 according 
to the invention can be formed by mounting modified edge 
profile IC chip 280a of FIG. 24 on a second modified edge 
profile IC chip 280b. As shown in FIG. 25, in this instance the 
recessed portions 288b" and the extended portions 288b' hav 
ing bonding pads 285b of the second chip are reversed relative 
to those of IC chip 280a. Accordingly, when IC chip 280a is 
mounted on IC chip 280b, and vice versa, the recessed area of 
the upper chip will expose the bonding pads 285b of the lower 
chip, thereby providing accessible rows of bond pads 285a, 
285b on opposite sides of the chip stack for connecting the 
chips to a Substrate. 
As illustrated in FIG. 26, another exemplary embodiment 

of a stepped or modified edge profile IC chip 290 according to 
the invention may include a pair of recessed corner regions 
382a having edges 388a" adjacent extended edge regions 
388a' containing bond pads 385a that cooperate to form 
opposite sides 388a of the IC chip. As illustrated in FIG. 27. 
an exemplary embodiment of a stacked multi-chip package 
390 according to the invention can be formed by mounting a 
first modified edge profile IC chip 290 of FIG. 26 on a second 
modified edge profile IC chip 290, the two chips rotationally 
offset by 90°. As shown in FIG. 27, in this instance the 
recessed portions 388b" and the extended portions 388b' hav 
ing bonding pads 385b of the second chip are shifted relative 
to those of the first IC chip. Accordingly, when the upper IC 
chip is mounted on the lower IC chip, the recessed areas of the 
upper chip will expose the bonding pads 385b of the lower 
chip, thereby providing an accessible row of bond pads 385a, 
385b along each edge of the stacked chip structure or assem 
bly for connecting the chips to a Substrate. 
As illustrated in FIG. 28, another exemplary embodiment 

of a stepped or modified edge profile IC chip 480a according 
to the invention may include an intermediate recessed region 
482a having an edge 488a" along each edge of the chip, the 
recessed regions being bracketed by adjacent extended 
regions 488a' containing bond pads 485a that cooperate to 
form each side 488a of the IC chip. As illustrated in FIG. 29. 
an exemplary embodiment of a stacked multi-chip package 
490 according to the invention can be formed by mounting 
modified edge profile IC chip 480a of FIG. 28 on a second 
modified edge profile IC chip 480b that has been configured 
to provide a complementary combination of recessed 488b" 
and extended regions 488b and bond pads 485b. As shown in 
FIG. 29, when such complementary IC chips are stacked, the 
additional bond pads 485b provided on the lower chip are 
exposed in one or more of the recessed regions 482a of the 
upper chip, thereby providing an accessible row of bond pads 
485a, 485b along an edge of the stacked chip structure or 
assembly for connecting the chips to a Substrate. 
As illustrated in FIGS. 30-32 other stacked chip structures 

590, 690, 790 may be assembled from a wide variety of 
stepped or modified edge profile IC chips having different 
sizes and/or edge profiles whereby bond pads provided on 
underlying or lower IC chips within the chip stack are 
exposed as the result of the sizing and positioning of the upper 
IC chip and/or are aligned with one or more corresponding 
recessed regions provided on the overlaying or upper IC 
chips, thereby exposing the bond pads of the lower IC chip(s) 
for bonding without the need for additional spacers or addi 
tional peripheral backside material removal. 

In general, each of the exemplary IC chips will include a 
cell region in which logic and/or memory circuits are formed, 
and one or more peripheral regions in which input/output 
circuitry and/or (I/O) pads are formed. The recessed portion 
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of the stepped edge profile chips may be provided adjacent a 
cell region and/or a peripheral region as desired. The IC chips 
and chip stack structures according to the invention may be 
connected to one or more Substrates using an appropriate 
connection technique including wire bonding and/or flip chip 
attachment. In most instances, a resin encapsulant such as an 
epoxy molding compound (EMC) may be applied to protect 
the IC chips and, if present, the bonding wires and inner 
portions of the any leads incorporated in the package from 
contamination, corrosion and mechanical damage. 
A range of Substrates and connection techniques may be 

utilized in combination with the exemplary embodiments of 
the invention detailed above including wire bonding, flip chip 
bonding and/or tape automated bonding (TAB) in combina 
tion with an application-Suitable Substrates Such as a lead 
frame, a printed circuit board (PCB), a flexible circuit board, 
or a ceramic Substrate. 
As Suggested above, exemplary IC chips having modified 

edge profiles and/or bond pad arrangements may be utilized 
in combination with uncommonly configured Substrates and/ 
or packages. Such combinations may be utilized to improve 
the packing density on the Substrate or secondary circuit 
board by more closely fitting the various components together 
and reducing the lost Surface area. This improved packing 
density can be achieved at the device level for multi-chip 
packages and in higher level assemblies such as mother 
boards and module boards, on which modified edge profile 
packages can be mounted. Further, by improving the mount 
ing density of the packages at the board level, the size of the 
board may also be reduced. 

The aforementioned, specific stepped or modified edge 
profile IC chips and multi-chip assemblies, whether substan 
tially planar or stacked, are presented by way of illustration 
only, and should not be construed as limiting the scope of the 
invention. Indeed, it will be appreciated by those of ordinary 
skill in the art that many suitable, alternative chip stacks may 
be configured and implemented by applying the teachings 
provided above. 

While this invention has been particularly shown and 
described with reference to several exemplary embodiments 
thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein 
without departing from the spirit and scope of the invention as 
defined by the appended claims. 
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What is claimed is: 
1. A chip package comprising: 
a chip having: 

a nominal width Wo: 
a nominal length Lo: 
a first recessed region R having a first recess depth D, 

and a first recess length L; and 
a Substrate providing a mounting Surface for the chip hav 

ing a recessed region generally corresponding in shape 
to the recessed region of the chip. 

2. A chip package comprising: 
a first chip having: 

a nominal width Wo: 
a nominal length Lo: 
a first recessed region R having a first recess depth D, 

and a first recess length L.; 
a second chip located adjacent to the first chip a substrate 

providing a mounting Surface for the first chip having a 
recessed region generally corresponding in shape to the 
recessed region of the first chip; and 

bonding wires connected to bond pads located on either the 
first or second chip, the bonding wires located at least in 
part in the first recessed region of the first chip, wherein 
the first and second chips are stacked on top of each 
other. 

3. The chip package of claim 2, further comprising bond 
pads on the first chip and bonding wires connected to the bond 
pads on the first chip, and at least a part of the bonding wires 
located on the first chip are located in a recessed region of the 
second chip. 

4. The chip package of claim 3, further comprising a third 
chip stacked on a side of the second chip opposite a side on 
which the first chip is mounted, wherein the third chip has the 
same general shape as the first chip. 

5. The chip package of claim 2, wherein the first and second 
chips have the same general shape having similar recessed 
regions. 

6. The chip package of claim 5, wherein the first and second 
chip are stacked on top of each other and oriented with respect 
to each other to not have their respective recessed regions be 
located on top of each other but are rather offset from each 
other. 
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