US 20160260671A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2016/0260671 A1l

Haba et al. 43) Pub. Date: Sep. 8, 2016
(54) MICROELECTRONIC PACKAGE WITH continuation of application No. 13/778,654, filed on
CONSOLIDATED CHIP STRUCTURES Feb. 27, 2013, now Pat. No. 9,123,600.
(71) Applicant: Invensas Corporation, San Jose, CA Publication Classification
Us) (51) Imt.CL
(72) Inventors: Belgacem Haba, Saratoga, CA (US); HOIL 23/538 (2006.01)
Richard Dewitt Crisp, Hornitos, CA HOIL 25/065 (2006.01)
(US); Wael Zohni, San Jose, CA (US); (52) US.CL
Tlyas Mohammed, Santa Clara, CA CPC ........ HOIL 23/5386 (2013.01); HO1L 23/5385
(US) (2013.01); HOIL 25/0655 (2013.01)
57 ABSTRACT
(21) Appl. No.: 15/156,667 A chip package has multiple chips that may be arranged
side-by-side or in a staggered, stair step arrangement. The
(22) Filed: May 17, 2016 contacts of the chips are connected to interconnect pads car-
ried on the chips themselves or on a redistribution substrate.
Related U.S. Application Data The interconnect pads desirably are arranged in a relatively
- APP narrow interconnect zone, such that the interconnect pads can
(63) Continuation of application No. 14/837,561, filed on be readily wire-bonded or otherwise connected to a package

Aug. 27, 2015, now Pat. No. 9,355,996, which is a

substrate.




Sep. 8,2016 Sheet1 of 8 US 2016/0260671 Al

Patent Application Publication

- €914
AN
A e i
z91 \ l\lj
A
n ” h n
: {
—k n
. t
” .
{
» “.u._u. g.w ]
- =
§ :
: {
{7 u
: i
w .
— u
09T :
» 0 ]

'

N vp

- 95

. 8S
- 95




Sep. 8,2016 Sheet 2 of 8 US 2016/0260671 Al

Patent Application Publication

Qce

9 'Did

-|
—
-
-
-
—
-

c0¢e

e

.. V1T

L 952




Sep. 8,2016 Sheet 3 of 8 US 2016/0260671 Al

Patent Application Publication

1
FRARRRDRARRARISIAR, | ) ERRIRRAARPRANRANS | | 5| LAl RRARNNIANEIANAIT | ) RERSRARFARASARRRARER




Sep. 8,2016 Sheet4 of 8 US 2016/0260671 Al

Patent Application Publication

728

/

YOL

609~ 109 Lsm \\NE L 959 L
929

D/D DL/ @w

— VL




Sep. 8,2016 Sheet S of 8 US 2016/0260671 Al

Patent Application Publication

8807
8601 %%W ‘Ol 960 Vo vy0T - v£0T
a Nga A o901 \ha —
! \ /] Y 1Y TN ~—
- T ——ny = 4 AN
N 1N\ voot Z001 P ; .

=~
,K 60T /; 2601 L ssot /u /K 9€0T
/ 0601 . —_— €eot \_ ozor
r /losﬁ
86

Z10T
186 o
966 vxm 096 TANSIE! e
06
@X0) P.n/ﬂ/ o= % ot OO0 A,
ANy iy
_.“/, K )/ “ \\
- ; -
- L / hﬁ Nmm(/( 026
/l M 96
Femm Nmm/omm
956



Sep. 8,2016 Sheet 6 of 8 US 2016/0260671 Al

Patent Application Publication

YA}

LTTT

¥1'Old
60T1

8011

6111

0917

PLTY

N [AE14

117"

0L1I%



Sep. 8,2016 Sheet 7 of 8 US 2016/0260671 Al

Patent Application Publication

= | =
40971 \Mm | i /
1021 n 0 m__/-
| q09Zt
ST'Ol c00 |-\n_ ™ u
ZT _
9171 = U “ i
= £ =
8121 ./\v - u\. - _‘ ;;;;;;; <]
20921 _ /
= m =
X | /
H n " =
2097f o “
A [ 0 H u
\ = oo " =
€0CT \ n 1 =
0€Z1 _
0121 _ Jn_ 4

// [A14*

™\ 0z71T

[ 44"

/l yoct

T~ 7T7T




Sep. 8,2016 Sheet 8 of 8 US 2016/0260671 Al

Patent Application Publication

9T 'BI4

80¢T1 90¢T t0eT ¢0eT
Z9¢T1

\Vﬁloﬁm.ﬁ
“..u..\musm-md.
, omrhocoboookooor
O O o o
® ® © 0|6 © © o606 © o ole o o o
:um_m/m_ _
"ommo"orooo@ooomoo
o/ ® o\_uQ"o w/oo ° /oo/ T
! 0
.0 0_gr

/r. OTET

ocet

,r OTET /l
¥ocet

DTET



US 2016/0260671 Al

MICROELECTRONIC PACKAGE WITH
CONSOLIDATED CHIP STRUCTURES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation, of U.S.
patent application Ser. No. 13/778,654, filed Feb. 27, 2013,
now U.S. Pat. No. 9,123,600, the disclosure of which is incor-
porated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to microelectronic
packaging.
[0003] A typical semiconductor chip is formed as a gener-

ally thin, rectangular solid having front and rear major sur-
faces and small edge surfaces extending between the front
and rear surfaces. The thickness or distance between the front
and rear surfaces of the chip typically is many times smaller
than the length and width of the chip measured in the plane of
the front surface or rear surface. The chip typically has con-
tacts on its front surface and electronic circuitry within the
chip connected to the contacts. In use, the contacts are elec-
trically connected to a larger circuit. Ordinarily, chips are
manufactured by treating a larger, flat wafer to form the
electronic circuitry and contacts of numerous chips simulta-
neously, and then severing the wafer along lines referred to as
“dicing lanes” which form the edges or boundaries of the
individual chips.

[0004] Chips typically are mounted in structures referred to
as packages. A package may include a package substrate such
as a small circuit panel having terminals thereon. The chip is
physically attached to the package substrate, and the contacts
of the chip are electrically connected to the terminals of the
package substrate. The package substrate, with or without
other components, provides physical protection for the chip.
Moreover, the terminals of the package substrate are arranged
so that the package as a whole can be readily mounted to a
circuit panel or other structure to provide the interconnection
between the chip and the larger circuit. For example, many
chip packages have terminals that may be larger than the
contacts of the chip, spaced apart from one another at larger
intervals than the contacts of the chip, or both, so that the
terminals can be soldered readily to conduct structures on a
larger circuit panel using standard bonding techniques such
as surface mounting. For example, the terminals on a chip
package may be arranged in a pattern corresponding to a
formal or informal industry standard such as those published
by the JEDEC Solid State Technology Association.

[0005] Certain semiconductor chips are provided with their
contacts disposed in one or more columns extending in a
column direction along the front face of the chip. Typically,
the column direction is parallel to two edges of the chip. For
example, the column or columns of contacts may be disposed
midway between the left and right edges of the chip and may
be parallel to the edges of the chip. Memory chips such as
dynamic random access memory (“DRAM”) chips com-
monly are provided in this configuration. Chips of this type
commonly are packaged using a package substrate having
upper and lower surfaces, terminals at the lower surface, and
an aperture in the form of an elongated slot extending through
the substrate from the upper surface to the lower surface. The
substrate may have bond pads at the lower surface adjacent
the slot, the bond pads being electrically connected to the
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terminals by traces on the package substrate. The chip is
mounted to the upper surface of the package substrate with
the front face of the chip facing downwardly toward the
package substrate and with the column or columns of contacts
on the chip aligned with the slot in the package substrate. The
contacts of the chip are connected to the bond pads of the
package substrate by wire bonds extending through the slot in
the package substrate, so that the contacts of the chip are
electrically connected to the terminals of the package sub-
strate. The wire bonds typically are covered by an encapsu-
lant, which fills the slot. The terminals at the lower surface of
the package substrate can be bonded to contact pads on a
circuit panel so that the chip is interconnected with a larger
circuit incorporated in the circuit panel.

[0006] Memory chips commonly are used in sets. For
example, in a computer system that handles data in the form
of eight-bit bytes and that uses a single error correction bit for
each byte, the memory chips may be provided as sets of nine
memory chips, so that a byte and the accompanying error
correction bit can be stored and retrieved by storing or retriev-
ing one bit to each of the nine chips. The chips of such a set
may have many of their contacts connected on common. For
example, the contacts that carry power supply voltages and
ground can be connected in common, as well as the contacts
that carry address and data signals to the various chips. Other
contacts on each chip have unique connections to unique lines
on the circuit panel. For example, signals referred to as “chip
select” signals used to denote an individual chip of the set
typically have unique connections on the circuit panel, so that
a signal sent to a particular contact pad on the circuit panel is
routed to only one chip of the set.

[0007] Various proposals have been advanced for mounting
plural chips of this type in packages so that the plural chips
can be connected to a circuit panel by attaching one package
to the circuit panel. Such a package may have some of the
contacts of each chip connected on common to terminals on
the package substrate. This reduces the number of connec-
tions that must be made between the chip packages and the
circuit board. For example, where two chips are provided ina
single package, the total number of terminals on the package
may be considerably less than twice the number of terminals
that would be required on a single chip package. The termi-
nals that can be connected in common to the two chips in the
package need be provided only once. Moreover, the number
of packages that must be handled and mounted to the circuit
panel can be reduced by providing multiple chips within each
package. For example, U.S. Pat. No. 7,061,121 and U.S.
Published Patent Application No. 2012/0267798 disclose
packages that can accommodate multiple chips such as
memory chips. Nonetheless, further improvement would be
desirable.

BRIEF SUMMARY OF THE INVENTION

[0008] One aspect of the present invention provides a
microelectronic package. A package according to this aspect
of'the invention desirably includes a package substrate having
upper and lower surfaces and terminals at the lower surface.
The package desirably further includes first and second chips
disposed above the package substrate. Each of the first and
second chips preferably has a front face, a rear face, and
contacts at the front face disposed in one or more columns
extending in a column direction. The first and second chips
most preferably are offset from one another by a center-to-
center offset distance in a lateral direction transverse to the
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column direction. The package desirably further comprises
interconnect pads disposed in an elongated interconnect zone
having a width less than the offset distance. The interconnect
pads desirably face downwardly toward the package sub-
strate. At least some of the interconnect pads desirably are
electrically connected to at least some of the contacts of the
first and second chips, and at least some of the interconnect
pads desirably are electrically connected to at least some of
the terminals on the package substrate.

[0009] In certain embodiments, the first and second chips
each have first and second edges extending in the column
direction, and the front surfaces of the first and second chips
are substantially coplanar with one another. The first edge of
the first chip is juxtaposed with the second edge of the second
chip, and the interconnect pads may be disposed adjacent the
juxtaposed first and second edges. For example, the first and
second chips may be integral with one another or may be
separate from one another. The interconnect pads may be
supported on the front surface of one or both of the first and
second chips, and the front surfaces of the first and second
chips may face downwardly toward the upper surface of the
package substrate. The package may include redistribution
traces extending from the interconnect pads toward the con-
tacts of the first and second chips, and the interconnect pads
may be electrically connected to the contacts of the first and
second chips through the redistribution traces.

[0010] Inother embodiments, the package further includes
a redistribution interposer having an inner surface confront-
ing the front surfaces of the first and second chips and an outer
surface facing away from the first and second chips, and the
interconnect pads are carried on the redistribution interposer.
[0011] In still other embodiments, the package includes a
redistribution interposer having an inner surface confronting
the rear surfaces of the first and second chips and an outer
surface facing away from the chips. Once again, the intercon-
nect pads may be carried on the redistribution interposer. The
package may include additional chips. For example, the first
and second chips may be disposed with their front surfaces
substantially coplanar with one another as a first assemblage,
and the package may include third and fourth chips having
their respective front surfaces substantially coplanar with one
another and constituting a second assemblage. The second
assemblage may partially overlap the first assemblage, so that
at least a portion of one surface of the third chip confronts at
least a portion of one surface of the second chip and so that a
portion of the second assemblage projects beyond the first
assemblage in the lateral direction. The third and fourth chips
desirably are electrically connected to at least some of the
terminals on the package substrate. For example, the second
assemblage may include additional connection pads aligned
with the projecting portion of the second assemblage, at least
some of the additional connection pads being connected to at
least some of the contacts of the third and fourth chips and to
at least some of terminals of the package substrate.

[0012] In yet another arrangement, the third and fourth
chips are substantially coplanar with one another and with the
first and second chips. The third and fourth chips may be
aligned with the first and second chips respectively in the
lateral direction, but offset from the first and second chips in
the column direction. Conversely, the third and fourth chips
may be aligned with the first and second chips in the column
direction, but offset from the first and second chips in the
lateral direction. For example, two of the first through fourth
chips may be spaced apart from one another in the lateral
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direction, and the package may further comprise a fitth chip
having a front surface and contacts at the front surface. The
front surface of'the fifth chip may confront portions ofthe rear
surfaces of the two spaced-apart chips, and the contacts of the
fifth chip may be aligned with the gap and connected to the
package substrate through the gap.

[0013] Yet another aspect of the invention provides a
microelectronic unit. A unit according to this aspect of the
invention includes a first assemblage including first and sec-
ond chips mechanically connected to one another. Here again,
the first and second chips may be integral with one another or
may be separate from one another, in which case the unit
desirably further comprises an attachment securing the first
and second chips to one another. Here again, each chip desir-
ably has a front surface, a rear surface, and first and second
edges extending in an edge direction and bounding the front
surface of the chip, as well as contacts at the front surface. The
chips desirably are disposed side-by-side with the front sur-
faces of the first and second chips, substantially coplanar with
one another, and the first edge of the first chip juxtaposed with
the second edge of the second chip. Thus, the assemblage has
a front surface defined at least in part by the front surfaces of
the first and second chips. The unit according to this aspect of
the invention includes interconnect pads carried on the front
surface of the assemblage. At least some of the interconnect
pads are electrically connected to at least some of the contacts
of'the first chip, and at least some of the interconnect pads are
electrically connected to at least some of the contacts of the
second chip. Preferably, the interconnect pads include one or
more common interconnect pads, each such common inter-
connect pad being connected to at least one contact of the first
chip and to at least one contact of the second chip. The first
and second chips may be offset from one another by a center-
to-center offset distance in a lateral direction transverse to the
edge direction, and the interconnect pads may be disposed in
an elongated interconnect zone having a width less than the
offset distance. Units according to this aspect of the invention
may be used, for example, as components in the packages
discussed above.

[0014] These and other objects, features, and advantages of
the present invention will be more readily apparent from the
detailed description of the preferred embodiments set forth
below, taken in conjunction with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG.1is a diagrammatic plan view of a unit accord-
ing to one embodiment of the invention.

[0016] FIG. 2 is a diagrammatic sectional view of a pack-
age incorporating the unit of FIG. 1.

[0017] FIG. 3 is a diagrammatic plan view of a unit accord-
ing to a further embodiment of the invention.

[0018] FIG.4isaview similarto FIG. 3, but depicting a unit
according to yet another embodiment of the invention.
[0019] FIG. 5 is a diagrammatic sectional view of the unit
depicted in FIG. 4.

[0020] FIG. 6 is a further view similar to FIGS. 3 and 4, but
depicting a unit according to yet another embodiment of the
invention.

[0021] FIGS. 7-14 are diagrammatic sectional views
depicting packages according to still further embodiments of
the invention.

[0022] FIG. 15 is a diagrammatic top view depicting a unit
according to yet another embodiment of the invention.
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[0023] FIG. 16 is a diagrammatic top view depicting a unit
according to a still further embodiment of the invention.

DETAILED DESCRIPTION

[0024] A unit 20 according to one embodiment of the
invention (FIG. 1) includes a first semiconductor chip 22
having a front surface 24 and a rear surface 26. Chip 22 has a
first or left edge 26 and an opposite second or right edge 28,
the edges 26 and 28 extending parallel to one another in an
edge or column direction denoted by the arrow Y in FIG. 1.
Chip 22 also has ends 30 and 34 extending in a lateral direc-
tion, transverse to the edge direction, as denoted by arrow X
in FIG. 1, so that the edges 26 and 28 and ends 30 and 34
cooperatively bound the front and rear surfaces 24 and 26 of
the chip. First chip 22 also has contacts 36 at front surface 24.
As used in this disclosure with reference to a structure such as
a chip or substrate, a statement that an electrically conductive
element is “at” a surface of a structure indicates that, when the
structure is not assembled with any other element, the elec-
trically conductive element is available for contact with a
theoretical point moving in a direction perpendicular to the
surface of the structure toward the surface of the structure
from outside the structure. Thus, a terminal, contact or other
conductive element which is at a surface of a structure may
project from such surface; may be flush with such surface; or
may be recessed relative to such surface in a hole or depres-
sion in the structure.

[0025] Contacts 36 are arranged in a column or columns,
each such column extending in a column direction parallel to
the edge directionY. Chip 22 also has internal circuit elements
38, schematically depicted in FIG. 1, the internal circuit ele-
ments being connected to the contacts 36. Although only a
few contacts and a few internal circuit elements 38 are
depicted in FIG. 1, atypical chip may have scores or hundreds
of contacts and may have a vast number of internal circuit
elements. The configuration of the internal circuit elements is
determined by the function of the chip. For example, the chip
may be a memory chip, such as a DRAM chip, and may have
elements such as storage cells and input/output circuits
arranged to receive signals such as address and data signals,
as well as power and ground signals and other control signals,
so that data can be written into the storage cells and read out
from the storage cells in known fashion. As used in this
disclosure, the term “memory chip” refers to a chip in which
at least 50% of the area of the chip devoted to active circuit
elements is devoted to active circuit elements associated with
the memory function.

[0026] Unit 20 also includes a second semiconductor chip
42 having a front surface 44 and a rear surface 45 (FIG. 2), and
also having a first edge 46 and second edge 48 extending in
the edge or Y-direction and ends 50 and 54 extending in the
lateral or X-direction. Here again, the second chip has con-
tacts 56 at the front surface 44 and internal circuitry 58 elec-
trically connected to the contacts. The second chip may be
essentially identical to the first chip. As best seen in FIG. 2,
the front surfaces 24 and 44 of chips 22 and 42 are coplanar
with one another, and the rear surfaces 26 and 45 of the two
chips are also coplanar with one another. The first edge 26 of
the first chip is juxtaposed with the second edge 48 of the
second chip 42. In the embodiment depicted, the two chips 24
and 44 are formed as a unitary body of semiconductor mate-
rial such as silicon. The first edge 42 of the second chip, the
second edge 28 of the first chip, and the ends 30, 34, 50, and
54 of the first and second chips are visible as small, generally
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planar surfaces extending in a vertical direction between the
front and rear surfaces of the chip.

[0027] Thefirstedge 26 ofthe first chip and the second edge
48 of the second chip are adjacent to one another. A narrow
strip 49 of semiconductor material, referred to as a “dicing
lane” lies between the first edge 26 of the first chip and the
second edge 48 ofthe second chip. Although the edges and 48
the chips bounding the dicing lane 49 may not be visible as
surfaces, the edges are nonetheless present. These edges are
the boundaries of the respective chips at the dicing lane
between the chips. As noted above, chips are ordinarily
formed by processing continuous wafers and dicing or cutting
the chips away from one another along dicing lanes. A dicing
lane is a linear region of the silicon wafer that is devoid of
internal interconnections within the semiconductor material
of the chip itself which are used in service during normal
operation of the chip. Features such as test circuits may be
present in dicing lanes. These elements may be present in the
unit or, alternatively, may be destroyed during processing of
the wafer. Stated another way, as used in this disclosure, a
chip has an edge at a dicing lane, whether or not the chip has
been severed from other chips during dicing of the wafer.
[0028] The term “frec edge” or “free end” is used herein to
denote an edge or an end of a chip that has been severed from
the edges or ends of adjacent chips in the wafer during manu-
facture, whereas the term “bound edge” or “bound end” is
used to denote an edge or an end of a chip that remains
attached to the adjacent chip of the wafer. In the embodiment
of FIGS. 1 and 2, the first edge 26 of first chip 22 and the
second edge 48 of second chip 42 are bound edges, whereas
the second edge 28 of first chip 22 and the first edge 46 of
second chip 42 are free edges and ends 30, 34, 50, and 54 are
free ends.

[0029] The two chips 22 and 42 cooperatively form an
assemblage having a front surface consisting of the front
surfaces 24 and 44 of the two chips. The chips in the assem-
blage are offset from one another by a center-to-center offset
distance D, (FIG. 1). The center-to-center offset distance is
the distance between the center lines of the two chips. In this
embodiment, D, is equal to the width in the lateral direction of
a single chip plus the width of the dicing lane 49. The width
of'the dicing lane is much smaller than the width of a chip, and
thus D, is approximately equal to the width of a single chip.
[0030] Unit 20 further includes interconnect pads 60 car-
ried on the front surface of the assemblage. In this embodi-
ment, the interconnect pads are carried on the front surface 24
of first chip 22. The interconnect pads are disposed in a
narrow elongated interconnect zone 62, schematically indi-
cated by the dot-line in FIG. 1. The width D, of interconnect
zone 62 in the lateral or X-direction is considerably less than
the offset distance than D, and most desirably is less than a
few millimeters, more preferably less than 1 millimeter. As
shown in FIG. 1, interconnect pads 60 are disposed in two
rows extending in the edge or column direction, parallel to the
rows of contacts 36 and 56. The interconnect pads 60 are
electrically connected to the contacts 36 and 56 of chips 22
and 42 by redistribution traces 64. Some of the interconnect
pads 60 are common interconnect pads 60a. Each common
interconnect pad 60a is connected to at least one contact 36 of
the first chip and is also connected to at least one contact 56 of
the second chip. Other interconnect pads 60 are unique inter-
connect pads 605. A unique interconnect pad 605 may be
connected to one or more contacts 36 of the first chip but not
connected to any contact of the second chip. Alternatively, a
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unique interconnect pad may be connected to one or more
contacts 56 of the second chip, but not connected to any
contacts of the first chip.

[0031] The interconnect pads 60 and redistribution traces
64 may be disposed directly on the front surfaces of the chips
or may rest on a thin layer or coating of dielectric material,
which overlies and is supported by the front surfaces of the
chips. As best seen with reference to FIG. 2, the redistribution
traces 64 may be covered by a thin dielectric layer. The
interconnect pads, redistribution traces and the associated
dielectric layers may be formed using conventional processes
such as the application of “spun-on” dielectric layers and
conventional metal-forming techniques such as electroplat-
ing and selective etching. The interconnect pads and redistri-
bution traces may be formed while the chips are part of a
larger wafer, i.e., before severance of the free edges and ends
of the chips from the other chips in the wafer.

[0032] As bestseen in FIG. 2, a package incorporating unit
20 incorporates a package substrate 70 having an upper sur-
face 72, a lower surface 74, and terminals 76 at the lower
surface 74. Package substrate 70 may be a small rigid or
flexible circuit panel. Terminals 76 are arranged for connec-
tionto a larger circuit as, for example, for mounting to a larger
circuit panel. In the embodiment depicted, terminals 76 are
constructed as solderable pads, which can be surface-
mounted to a circuit board (not shown). Solder masses 78 may
be provided on terminals 76 for this purpose. Package sub-
strate 70 has an aperture 80 extending through it, from upper
surface 72 to lower surface 76. Aperture 80 is in the form ofan
elongated slot. Bond pads 82 are provided at bottom surface
74 adjacent the aperture. The bond pads 82 are electrically
connected to the terminals 76 by conductors 84, only a few of
which are shown for clarity of illustration.

[0033] Unit 20 is mounted on package substrate 70 with the
front surface of the chip assemblage, defined by the front
surfaces 24 and 44 of the chips, facing downwardly toward
the upper surface 72 of the package substrate, and with the
interconnect zone 62 of the unit (FIG. 1) aligned with the
aperture or slot 80 in the package substrate, so that the inter-
connect pads 60 are also aligned with the aperture or slot 80.
An adhesive 86 may bond the unit to the package substrate.
For example, as depicted in FIG. 2, the adhesive 86 may
contact the dielectric layers 66 covering the redistribution
traces 64. Interconnect pads 60 are connected to the bond
pads 82 by leads such as wire bonds 88 extending from the
interconnect pads through the aperture 80. Thus, the intercon-
nect pads and hence the contacts of the chips are electrically
connected to terminals 76 of the package substrate. An encap-
sulant (not shown) may be provided within slot 80 and on
adjacent areas of the package substrate lower surface 74 so as
to cover the wire bonds 88. Also, an encapsulant (not shown)
may be provided over the upper surface 72 of the package
substrate, over the exposed edges and ends of the chip, and
over the exposed rear surfaces 26 and 44 of the chips.

[0034] The package and unit as described above simplifies
connection of the chips to the terminals. The number of wire
bonds required to connect unit 20 to the terminals of the
package substrate it considerably less than the number of wire
bonds that would be required if each individual contact on
both of the chips was connected to the features of the package
substrate. Also, because all of the wire bonds can be made in
a single relatively narrow area, only one aperture is required
in the package substrate. This considerably simplifies routing
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on the package substrate and leaves more room for terminals
on the lower surface of the package substrate.

[0035] A unit 120 (FIG. 3) according to a further embodi-
ment is identical to the unit depicted in FIG. 1, except that the
first chip 122 and second chip 142 forming the unit are sepa-
rate from one another rather than integral with one another.
Stated another way, the first edge 126 of first chip 122 and the
second edge 148 of second chip 142 are free edges rather than
bound edges. Here again, the chips are disposed in the same
side-by-side relationship as in the unit of FIG. 1, with the
front surfaces of the chips being coplanar with one another
and with the first edge 126 of the first chip juxtaposed with the
second edge 148 of the second chip. The chips are secured to
one another by an attachment in the form of an encapsulant or
molding compound 102 extending around the edges and ends
of the chips and extending between the first edge 126 of the
first chip and the second edge 148 of the second chip. The
molding compound or encapsulant defines a surface flush
with the front surfaces 124 and 144 of the second chip. Here
again, the unit has a front surface defined in part by the chip
front surfaces 124 and 144 and in part by the surface of the
attachment or molding compound 102. Here again, the inter-
connect pads 160 are disposed in a relatively narrow, elon-
gated interconnect zone 162 disposed adjacent the juxtaposed
edges 126 and 148 of the chips. Here again, the interconnect
pads 160 and the redistribution traces 164 overlie the front
surface of the assemblage. However, the interconnect zone
162 may be shifted so that some or all of the interconnect pads
overlie the molding compound between the chip edges 126
and 148, or so that some of the interconnect pads are distrib-
uted on each chip. A unit as shown in FIG. 3 may be used in
place of the unit 20 discussed above in the assembly of FIG.
2 and in other assemblies discussed below.

[0036] A unit 220 (FIGS. 4 and 5) according to a further
embodiment includes a first chip 222 and second chip 242
identical to those discussed above with reference to FIGS. 1
and 2. Here again, the unit includes interconnect pads 260
disposed in an elongated narrow interconnect zone 262. In
this instance, however, the interconnect pads are disposed on
a small dielectric layer 202 overlying and supported by the
front surfaces 224 and 244 of the chips. The dielectric layer
also has redistribution bond pads 204. The redistribution bond
pads 204 are connected by redistribution traces 264 to the
interconnect pads 260. One row of redistribution bond pads
204 lies adjacent the contacts 236 of the first chip 222,
whereas another row of redistribution bond pads is positioned
adjacent the contacts 256 of the second chip 244. Wire bonds
206 connect the contacts 236 and 256 with the redistribution
bond pads, so that the redistribution bond pads, and hence the
redistribution pads 260, are electrically connected to the con-
tacts of the chip. Here again, the interconnect pads 260
include some unique interconnect pads that are connected
only to a contact or contacts of the first chip or only to a
contact or contacts of the second chip, and also include some
common interconnect pads that are connected to contacts of
both chips by redistribution traces, redistribution bond pads,
and wire bonds as discussed above.

[0037] Aunit320 according to a further embodiment (FIG.
6) includes an arrangement of interconnect pads 360, dielec-
tric layer 302, redistribution traces 364, redistribution bond
pads 304, and wire bonds 306 connecting the redistribution
bond pads to the contacts of the chips in the same manner as
the corresponding features of FIGS. 4 and 5 discussed above.
However, in this embodiment, the two chips are separate from
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one another, and an attachment or molding compound 301
holds the two chips together. This attachment may be similar
to the attachment discussed above with reference to FIG. 3.

[0038] A package according to a further embodiment of the
invention (FIG. 7) incorporates a first chip 422 and second
chip 442 similar to those discussed above. Here again, the two
chips are arranged side-by-side, with the first or left-hand
edge 426 of first chip 422 juxtaposed with the second or
right-hand edge 448 of the second chip 442, and with the front
surfaces 424 and 444 of the chips substantially coplanar with
one another. In this embodiment, the first chip includes two
columns of contacts 436 at its front surface, whereas the
second chip incorporates two similar columns of contacts 456
at its front surface. The columns are depicted in end view as
seen in FIG. 7, and extend in the column or edge direction,
parallel to edges 426 and 448 of the chips, into and out of the
plane of the drawing as seen in FIG. 7. Chips 422 and 442 are
mounted to a redistribution interposer 402 having an inner
surface 404 facing toward the chips and an outer surface 406
facing away from the chips. The redistribution interposer may
be a small circuit panel, such as a flexible or rigid printed
circuit panel. The chips may be secured to the redistribution
interposer by a layer of adhesive 408. The redistribution inter-
poser has openings 410 in the form of elongated slots aligned
with the rows of contacts 436 and has redistribution bond
pads 412 at outer surface 406, adjacent apertures 410. The
redistribution substrate also has interconnect pads 460 at its
outer surface 406. The interconnect pads 460 are electrically
connected to the redistribution bond pads 412 by conductors
414, a few of which are schematically shown in FIG. 7. The
contacts 436 and 456 are connected to the redistribution bond
pads 412 by wire bonds extending through aperture 410, so
that that the contacts are electrically connected to the inter-
connect pads 460. An encapsulant 416 may be provided on
the outer surface 406 of the redistribution interposer to protect
the wire bonds.

[0039] The redistribution substrate, with chips 422 and 442
carried thereon, is mounted above the package substrate 470
so that the outer surface 406 of the redistribution substrate,
and hence the interconnect pads 460, face downwardly
toward the package substrate. In this embodiment as well,
package substrate 470 has an aperture 480. In the same man-
ner as discussed above with reference to FIG. 1, the intercon-
nect pads 460 are connected to bond pads 482 on the redis-
tribution substrate by wire bonds 488 extending through
aperture 480 and thus electrically connected to terminals 476
at the lower surface of package substrate 470. Additional
encapsulants (not shown) may be provided over wire bonds
488 and over the chips and redistribution interposer for
mechanical protection.

[0040] A package according to yet another embodiment of
the invention (FIG. 8) is similar to the package of FIG. 7,
except that the interconnect pads 560 are exposed through
holes 503 in the redistribution interposer, so that the redistri-
bution pads 560 are accessible from the inner surface 504 of
the redistribution interposer 502. Stated another way, redis-
tribution pads 560 are at the inner surface 504, i.c., the side of
the redistribution interposer facing toward the chips. The
redistribution interposer 502 and chips 522, 542 are mounted
to package substrate 570 so that the inner surface 504 of the
redistribution interposer faces downwardly toward the pack-
age substrate, and thus the surfaces of redistribution pads 560
facing toward holes 503 also face downwardly toward the
package substrate. Here again, the interconnect pads are con-
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nected to the terminals 570 of the package substrate by means
of wire bonds extending through the aperture in the package
substrate and connected to bond pads on the package sub-
strate. Here again, additional encapsulants may be provided
over the wire bonds and over other components for mechani-
cal protection.

[0041] The package of FIG. 9 is similar to the package of
FIG. 7, discussed above, except that the redistribution sub-
strate 602 of FIG. 9 does not have apertures. Rather, via
conductors 601 provided within the package substrate extend
between the inner surface 602 and outer surface 606 of the
package substrate. The interconnect pads 660 are connected
by the via conductors to redistribution traces 607, which, in
turn, are connected to pads 609 at the inner surface 604 of the
redistribution interposer. The contacts 636 and 656 of chips
622 and 642 are bonded to pads 609 as, for example, by
solder-bonding, so that the contacts of the chips are again
electrically connected to the interconnect pads 660. In this
embodiment as well, the interconnect pads face downwardly
toward the package substrate and are electrically connected to
the terminals of the package substrate. In this embodiment as
well, the interconnect pads 660 are disposed in a relatively
narrow interconnect zone adjacent the juxtaposed edges 648,
626 of the chips.

[0042] The embodiment of FIG. 10 is similar to the
embodiment of FIG. 9, except that the chips 722, 742 are
mounted with the rear surfaces 726 and 745 of chips 722 and
742 facing toward the inner surface 704 of the redistribution
interposer and with the front surfaces 724, 744 facing
upwardly, away from the redistribution interposer. The con-
tacts 736, 756 of the chips are connected by wire bonds to
pads 709 on the inner surface of the redistribution interposer,
which, in turn, are electrically connected to the interconnect
pads 760 by via conductors 711. Here again, the interconnect
pads face downwardly toward the package substrate.

[0043] The embodiment of FIG. 11 is similar to the
embodiment discussed above with reference to FIG. 7, except
that in the embodiment of FIG. 11, the chips are not disposed
in the side-to-side, coplanar arrangement discussed above. In
the embodiment of FIG. 11, the first chip 822 partially over-
laps the second chip. Thus, the first edge 826 and the adjacent
portion of the front surface 824 of first chip 822 overlap the
rear surface 845 of the second chip 842. The columns of
contacts 836 and adjacent portions of the first chip front
surface 824 project in the lateral direction beyond the second
edge 848 of the second chip. Stated another way, the center-
to-center offset distance D, between the first and second chips
is less than the width of a single chip. This staggered arrange-
ment thus conserves space in the lateral direction. A spacer
801 may be provided between the first chip 822 and the
redistribution substrate to support the first chip in the region
remote from the second chip 842. The staggered arrangement
can be used in conjunction with the other embodiments dis-
cussed herein, in place of the side-by-side, coplanar arrange-
ment discussed above.

[0044] The package shown in FIG. 12 includes two units,
each of which is similar to the unit 20 discussed above with
reference to FIGS. 1 and 2. Thus, the first unit 920 includes a
first chip 922 and a second chip 924 disposed in a coplanar
arrangement such as that discussed above with reference to
FIGS. 1 and 2, with the front surfaces of the chips 922 and 924
(the downwardly facing surfaces in FIG. 12) being substan-
tially coplanar with one another. Unit 920 further includes
interconnect pads 960 similar to those discussed above with
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reference to FIG. 1, which are connected to the contacts 936
and 956 of chips 924 and 922 by redistribution traces (not
shown) in the same way as discussed above with reference to
FIG. 1. The package of FIG. 12 further includes a second unit
990, which includes a third chip 992 and fourth chip 994, as
well as interconnect pads 996 connected to the contacts of
these chips. These units are stacked in a staggered configu-
ration similar to the stacked configuration of the chips dis-
cussed above with reference to FIG. 11. Thus, at least a
portion of the front surface of third chip 992 overlaps at least
a portion of the rear surface of second chip 924. Here again,
the interconnect pads 960 and 996 of the units face down-
wardly toward the package substrate 970. The package sub-
strate has terminals 974, which are connected to the intercon-
nect pads 960 and 996 by wire bond arrangements extending
through apertures 980 and 981 in the package substrate.

[0045] A package according to another embodiment of the
invention (FIG. 13) also includes two units 1020 and 1090,
similar to the unit 20 discussed above with reference to FIGS.
1 and 2. Unit 1020 includes a first chip 1022 and second chip
1024 disposed in coplanar arrangement with one another,
with the front surfaces of the first and second chips coplanar
with one another. Here again, the unit includes interconnect
pads carried on the front surface of the unit and connected to
the contacts 1036 and 1056 of chips 1024 and 1044. The
second unit 1090 includes a third chip 1092 and fourth chip
1094 having their front surfaces 1096 and 1098 coplanar with
one another, and again being arranged in a side-by-side rela-
tionship as discussed above with reference to FIGS. 1 and 2.
The second unit also includes interconnect pads 1099, con-
nected to the contacts of the third and fourth chips 1092 and
1094. Units 1020 and 1090, in turn, are arranged side-by-side
with one another so that the front surfaces 1024, 1044, 1096,
and 1098 of all of the first through fourth chips are substan-
tially coplanar with one another. In this arrangement, the
chips are aligned in the column direction (the direction into
and out of the plane of the drawing in FIG. 13). Thus, an edge
1002 of second chip 1024 is juxtaposed with an edge 1004 of
third chip 1092. However, these edges do not abut one
another. Instead, there is a gap 1006 between the juxtaposed
edges of the second and third chips. Units 1020 and 1090 are
carried on a package substrate 1070. Here again, the inter-
connect pads 1060 and 1099 of both units face downwardly
toward the package substrate. The interconnect pads are elec-
trically connected to the terminals 1074 on the package sub-
strate. In the particular embodiment depicted, this connection
is made using wire bonds extending through apertures 1088,
1089 in the package substrate, in a manner similar to that
discussed above with reference to FIGS. 1 and 2. The gap
1006 between the juxtaposed edges of the second and third
chips is aligned with a further aperture 1008 in the package
substrate. A fifth chip 1010 is mounted to the rear or upwardly
facing surfaces of the second and third chips 1024, 1092 so
that contacts 1012 of the fifth chip are aligned with the gap
1006 between the second chip 1024 and the third chip 1092
and also aligned with aperture 1008 in the package substrate.
The fifth chip is connected to the terminals of the package
substrate by conductors passing through gap 1006. In the
particular embodiment shown, these conductors include wire
bonds 1014 extending from the contacts 1012 of fifth chip
1010 to bond pads on the package substrate, which, in turn,
are electrically connected to at least some of the terminals
1074 of the package substrate. A package according to this
embodiment is particularly well suited for applications where
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chips are used in sets incorporating an odd number of chips
as, for example, the five chips shown. As mentioned above,
odd numbers of chips commonly are employed in arrays of
memory chips as, for example, where four chips are used to
store four information bits and the fifth chip is used to store
error correction bits.

[0046] The package of FIG. 14 includes a first assemblage
1111, which incorporates a redistribution interposer 1102, a
first chip 1104, and a second chip 1106. These elements are
connected in the same manner as the redistribution interposer
402, discussed above with reference to FIG. 7 and the asso-
ciated chips, so that the contacts of chips 1104 and 1106 are
electrically connected to the interconnect pads 1160 of the
redistribution interposer 1102. The redistribution interposer
1102 is mounted to package substrate 1170, and the intercon-
nect pads 1160 are electrically connected to at least some of
the terminals 1174 of the package substrate in the same man-
ner as discussed above with reference to FIG. 7. The package
of FIG. 13 further includes a second assemblage 1113 incor-
porating a further redistribution interposer 1108, bearing a
third chip 1114, and fourth chip 1116. Chips 1114 and 1116
are electrically connected to the interconnect pads 1118 ofthe
second redistribution interposer 1108 in the same manner as
the chips of the first assemblage. The two assemblages are
mounted in a staggered arrangement similar to the arrange-
ment of FIG. 12, so that a portion of the second redistribution
interposer overlies the upwardly facing or rear surface of the
second chip 1106. The interconnect pads 1108 of the second
redistribution interposer project laterally beyond the second
chip 1106 of the first assemblage 1111. Interconnect pads
1108 are aligned with an aperture 1109 in the package sub-
strate and electrically connected to bond pads 1117 of the
package substrate by wire bonds extending through this aper-
ture 1109. In this embodiment as well, layers of encapsulant
1119 cover the wire bonds that connect the various chips to
the various redistribution interposers, so that each assem-
blage can rest on the package substrate or on the next lower
assemblage without damaging these wire bonds. A dummy
chip 1121 may be provided beneath the projecting portion of
the second redistribution interposer 1108, so as to physically
support this projecting portion. In a further alternative,
dummy chip 1121 may be an active semiconductor chip that
is also connected to at least some of the terminals 1174 of the
package substrate.

[0047] A unit or assemblage of chips according to yet
another embodiment of the invention (FIG. 15) includes four
chips, all of which have front surfaces (the surfaces depicted
in FIG. 14) substantially coplanar with one another. Chips
1201 and 1202 have edges 1206 and 1208 juxtaposed with
one another. Likewise, chips 1204 and 1203 have edges 1210
and 1214 juxtaposed with one another. Here again, each chip
has one or more rows of contacts 1230 extending in a column
direction or edge direction, parallel to the edges of the chips.
In this embodiment, the first chip 1201 is aligned with the
third chip 1203 in the lateral direction, transverse to the edge
or column direction, whereas the fourth chip 1204 is aligned
with the second chip 1202 in the lateral direction. Thus, the
first and third chips have ends 1216 and 1218 juxtaposed with
one another, whereas the second and fourth chips have ends
1220 and 1224 juxtaposed with one another. In the particular
embodiment depicted, the juxtaposed edges and ends are
bound edges and ends. That is, all four chips are integral with
one another. Dicing lanes (not shown) extend between the
bound edges and ends. In a further variant (not shown), some
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or all of the juxtaposed edges and ends may be free edges or
free ends, and the chips may be held together by a molding
compound or attachment similar to the arrangement shown in
FIG. 3. Here again, the unit includes interconnect pads 1260
disposed in a narrow, elongated interconnect zone. The inter-
connect pads 1260 include some common interconnect pads
12604, which are connected to contacts of the first chip and to
contacts of the second chip, and also include some unique
interconnect pads 12605, which are connected to contacts of
only one chip. The interconnect pads also include some com-
mon interconnect pads 1260¢, which are connected to con-
tacts of the third chip 1203 and fourth chip 1204, as well as
unique contacts connected to only one of the chips. In a
further variant, some or all of the common interconnect pads
may be connected to all four of the chips, so as to further
reduce the numbers of contact pads required. Units according
to this variant may be used to provide increased capacity.

[0048] In further variants, a gap may be provided between
the end 1216 of the first chip and the end 1218 of the third
chip, as well as between the end 1220 of the second chip and
the end 1224 of the fourth chip. In such an arrangement, a fifth
chip may have contacts aligned with the gap in a manner
similar to that discussed above with reference to FIG. 13.

[0049] Units incorporating multiple chips such as those
discussed above with reference to FIGS. 1, 3, and 14 may
incorporate numerous chips. Also, it is not essential that the
interconnect pads be disposed in a narrow interconnect zone
or in the region between rows of chip contacts or adjacent
particular chips. Merely by way of example, the unit 1320
depicted in FIG. 16 has four chips 1302, 1304, 1306, and 1308
disposed side-by-side, with the front surfaces (the surfaces
depicted in FIG. 15) coplanar with one another. Each chip has
an array of contacts 1310. Interconnect pads 1360 are pro-
vided within an interconnect zone 1362. The interconnect
zone overlies less than all of the chips; in the particular
embodiment shown, the interconnect zone is disposed
entirely within the confines of the fourth chip 1308. In other
embodiments, the interconnect zone may encompass portions
or all of the front surface of two or more chips. Also, the
interconnect zone may or may not encompass some of the
contacts on one or more of the chips, so that both contacts and
interconnect pads may be present within the interconnect
zone. Here again, the contacts 1310 of the various chips are
electrically connected to the interconnect pads 1360 by redis-
tribution traces 1364, extending over the front faces of the
chips. Because the interconnect zone encompasses less than
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all of the chips, some or all of the interconnect traces cross
edges of the chips, so that an interconnect trace may start at a
contact 1310 on one chip and end at an interconnect pad 1360
overlying another chip. By concentrating the electrical con-
nections for the various chips into an interconnect zone 1362,
having a surface area considerably less than the aggregate
surface of all of the chips, this arrangement makes it practical
to connect the multi-chip unit to a circuit panel or other
structure that has mating electrical features on only a rela-
tively small area.

[0050] Numerous variations and combinations of the fea-
tures discussed above can be utilized without departing from
the present invention. Merely by way of example, the features
set forth in the individual embodiments can be combined with
one another. For example, a soldered connection as shown in
FIG. 9 can be used to connect chips to a redistribution inter-
poser, as shown in FIG. 9, in any of the various embodiments
and also can be used to connect the interconnect pads of a unit
orredistribution interposer to appropriate mating connections
on a package substrate.

[0051] As these and numerous other variations and combi-
nations of the features discussed above can be utilized with-
out departing from the present invention, the foregoing
description of the preferred embodiments should be taken by
way of illustration, rather than by way of limitation, of the
invention as defined by the claims.

1. A microelectronic package comprising:

(a) a package substrate having upper and lower surfaces
and terminals at the lower surface;

(b) first and second chips disposed above the package
substrate, each of the first and second chips having a
front face, a rear face and contacts at the front face
disposed in one or more columns extending in a column
direction, the first and second chips being offset from
one another by a center-to-center offset distance in a
lateral direction transverse to the column direction;

(c) interconnect pads disposed in an elongated interconnect
zone having a width less than the offset distance, the
interconnect pads facing toward the package substrate at
least some of the interconnect pads being electrically
connected to at least some of the contacts of the firstand
second chips, at least some of the interconnect pads
being electrically connected to at least some of the ter-
minals of the package substrate.
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