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STUB MINIMIZATION FOR ASSEMBLIES WITHOUT WIREBONDS
TO PACKAGE SUBSTRATE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation of United States
Application No. 13/439,286 filed April 4, 2012, which application
claims the ©benefit of the filing date of United States
Provisional Application No. 61/600,361 filed February 17, 2012,
and United States Provisional Application Nos. 61/542,488
and 61/542,553, each filed October 3, 2011. The disclosures of
all said Applications are incorporated by reference herein.
BACKGROUND OF THE INVENTION

[0002] The subject matter of the present application relates
to microelectronic packages and assemblies incorporating
microelectronic packages.

[0003] Semiconductor chips are commonly provided as
individual, prepackaged wunits. A standard chip has a flat,
rectangular body with a large front face having contacts
connected to the internal circuitry of the chip. Each individual
chip typically 1is contained 1in a package having external
terminals which, in turn, are electrically connected to a circuit
panel such as a printed circuit board and which connects the
contacts of the chip to conductors of the circuit panel. In many
conventional designs, the chip package occupies an area of the
circuit panel considerably larger than the area of the chip
itself. As used in this disclosure with reference to a flat chip
having a front face, the "area of the chip" should be understood
as referring to the area of the front face.

[0004] In "flip chip" designs, the front face of the chip
confronts the face of a package dielectric element, i.e.,
substrate of the package, and the contacts on the chip are bonded
directly to contacts of the substrate by solder bumps or other
connecting elements. In turn, the substrate can be bonded to a

circuit panel through terminals overlying the face of the
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substrate. The "flip chip" design provides a relatively compact
arrangement. In some cases, each package can be a "chip-scale
package" which occupies an area of the circuit panel egqual to or
slightly larger than the area of the chip's front face, such as
disclosed, for example, 1in certain embodiments of commonly-
assigned U.S. Pat. Nos. 5,148,265; 5,148,266; and 5,679,977, the
disclosures of which are incorporated herein by reference.
Certain innovative mounting techniques offer compactness
approaching or equal to that of conventional flip-chip bonding.
Size is a significant consideration in any physical arrangement
of chips. The demand for more compact physical arrangements of
chips has become even more intense with the rapid progress of
portable electronic devices. Merely by way of example, devices
commonly referred to as "smart phones" integrate the functions of
a cellular telephone with powerful data processors, memory and
ancillary devices such as global positioning system receivers,
electronic cameras, and local area network connections along with
high-resolution displays and associated image processing chips.
Such devices can provide capabilities such as full internet
connectivity, entertainment including full-resolution video,
navigation, electronic banking and more, all in a pocket-size
device. Complex portable devices reguire packing numerous chips
into a small space. Moreover, some of the chips have many input
and output connections, commonly referred to as "I/O0s." These
I/0s must be interconnected with the I/0s of other chips. The
interconnections should be short to minimize signal propagation
delays. The components which form the interconnections should
not greatly increase the size of the assembly. Similar needs
arise in other applications as, for example, in data servers such
as those wused 1in internet search engines where increased
performance and size reduction are needed.

[0005] Semiconductor chips containing memory storage arrays,

particularly dynamic random access memory chips (DRAMs) and flash
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memory chips are commonly packaged in multiple-chip packages and
assemblies. FEach package has many electrical connections for
carrying signals, power and ground between terminals, 1i.e.,
external connection points of the package, and the chips therein.
The electrical connections <can include different kinds of
conductors such as horizontal conductors, e.g., traces, beam
leads, etc., which extend in a horizontal direction relative to a
contact-bearing surface of a chip, vertical conductors such as
vias, which extend in a vertical direction relative to the
surface of the chip, and wire bonds which extending in both
horizontal and vertical directions relative to the surface of the
chip.

[0006] Conventional microelectronic packages can incorporate a
microelectronic element predominantly having memory storage array
function, i.e., one that embodies a greater number of active
devices to provide memory storage array function than any other
function. The microelectronic element may be or include a
dynamic random access memory (DRAM) chip, or a stacked
electrically interconnected assembly of such semiconductor chips.
Typically, all of the terminals of such package are placed in
sets of columns adjacent to one or more peripheral edges of a
package substrate to which the microelectronic element 1is
mounted. For example, in one conventional microelectronic
package 12 seen in Fig. 1, three columns 14 of terminals can be
disposed adjacent a first peripheral edge 16 of the package
substrate 20 and three other columns 18 of terminals can be
disposed adjacent a second peripheral edge 22 of the package
substrate 20. A central region 24 of the package substrate 20 in
the conventional package does not have any columns of terminals.
Fig. 1 further shows a semiconductor chip 11 within the package
having element contacts 26 on a face 28 thereof which are
electrically interconnected with the columns 14, 18 of terminals

of the package 12 with wire Dbonds 30 extending through an
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aperture, e.g., bond window, in the central region 24 of package
substrate 20. In some cases, an adhesive layer 32 may be disposed
between the face 28 of the microelectronic element 11 and the
substrate 20 to reinforce the mechanical connection between the
microelectronic element and the substrate, with the wire bonds
extending through an opening in the adhesive layer 32.

[0007] In light of the foregoing, certain improvements in the
positioning of terminals on microelectronic packages can be made
in order to improve electrical performance, particularly in
assemblies which include such packages and a circuit panel to
which such packages can be mounted and electrically
interconnected with one another.

SUMMARY OF THE INVENTION

[0008] A microelectronic package according to an aspect of the
invention may include a microelectronic element having memory
storage array function. In one example, the microelectronic
element may embody a greater number of active devices to provide
memory storage array function than any other function. The
microelectronic element may have one or more columns of element
contacts exposed at a face of the microelectronic element, each
column extending 1in a first direction along the face of the
microelectronic element. An axial plane normal to the face of
the microelectronic element can intersect the face of the
microelectronic element along a line extending in the first
direction and centered relative to the one or more columns of
element contacts. The microelectronic package may include a
substrate having first and second opposed surfaces and a
plurality of substrate contacts exposed at the first surface
facing the element contacts and joined thereto. A plurality of
parallel columns of terminals exposed at the second surface can
extend in the first direction along the second surface of the

substrate. The terminals can be electrically connected with the



WO 2013/052345 PCT/US2012/057554

substrate contacts and configured to connect the microelectronic
package with a component external to the microelectronic package.
[0009] The terminals can include first terminals exposed at
the second surface of the substrate in a central region of the
second surface of the substrate. The first terminals can be
configured to carry address information usable by circuitry
within the package to determine an addressable memory location
from among all the available addressable memory locations of a
memory storage array within the microelectronic element. In one
example, the central region of the second surface can have a
width 1in a second direction along the second surface of the
substrate transverse to the first direction, in which the width
may be not more than three and one-half times a minimum pitch
between any two adjacent columns of the parallel columns of the
terminals. In such example, the axial plane can intersect the
central region.

[0010] In one example, the terminals can be configured to
carry all of the address information usable by the circuitry
within the package to determine the addressable memory location.
[0011] In one example, the first terminals can be configured
to carry information that controls an operating mode of the
microelectronic element.

[0012] In one example, the first terminals can be configured
to carry all of the command signals transferred to the
microelectronic package, the command signals being write enable,
row address strobe, and column address strobe signals.

[0013] In one example, the first terminals can be configured
to carry clock signals transferred to the microelectronic
package, the microelectronic package being configured to use the
clock signals to sample signals received at the terminals which

carry the address information.
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[0014] In one example, the first terminals can be configured
to carry all of the bank address signals transferred to the
microelectronic package.

[0015] In one example, the first terminals can be disposed
within no more than two of the columns of terminals.

[0016] In one example, the first terminals can be disposed
within a single one of the columns of terminals.

[0017] In one example, the element contacts connected to the
first terminals can be disposed within a single column of element
contacts.

[0018] In one example, the element contacts can include
redistribution contacts exposed at the front face of the
microelectronic element. Fach redistribution contact can be
electrically connected with a contact pad of the microelectronic
element through at least one of a trace or a via. At least some
of the redistribution contacts can be displaced from the element
contacts 1in at least one direction along the face of the
microelectronic element.

[0019] In one example, the substrate can have first and second
opposed edges each extending between the first and second opposed
surfaces. The first and second edges may extend in the first
direction. The second surface can have first and second
peripheral regions adjacent to the first and second edges,
respectively. In such example, the central region may separate
the first and second peripheral regions. The terminals can
include a plurality of second terminals exposed at the second
surface in at least one of the peripheral regions. At least some
of the second terminals can be configured to carry information
other than the address information.

[0020] In one example, at least some of the second terminals
can be configured to carry data signals.

[0021] In one example, the microelectronic element can include

a first semiconductor chip having contacts thereon joined to the
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substrate contacts and at least one second semiconductor chip
overlying a face of the first semiconductor chip remote from the
first surface of the substrate and electrically interconnected
with the first semiconductor chip.

[0022] In one example, the first chip can be configured to
receive at least some of the address information from the first
terminals and to regenerate the at least some address information
for transfer to the at least one second chip. In one example,
the at least one second chip can embody a greater number of
active devices to provide memory storage array function than any
other function.

[0023] In one example, the first terminals can be configured
to carry information that controls an operating mode of the
microelectronic element. The first chip can be configured to at
least one of regenerate or at least partially decode the
information that controls the operating mode.

[0024] In one example, the first chip can include a plurality
of through-silicon-vias electrically connecting the at least one
second chip with the first chip.

[0025] In one example, at least some of the electrical
interconnections between the first chip and the at least one
second chip can be through wire bonds.

[0026] In one example, the at least one second chip can be
electrically interconnected with the first chip through a
flip-chip electrical interconnection of second contacts exposed
at a surface of the second chip facing and joined with first
contacts exposed at a surface of the first chip. In such
example, the surface of the first chip can face away from the
first surface of the substrate.

[0027] In one example, the first chip can be configured to
buffer at least some of the address information received at the
first terminals for transfer to each second chip, and each second

chip can be not configured to buffer the address information.
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[0028] In one example, the first chip can be configured to at
least partially decode the address information received at the
first terminals for transfer to each second chip, and each second
chip <can be not configured to fully decode the address
information.

[0029] In one example, the second semiconductor chip can be a
plurality of stacked second semiconductor chips.

[0030] In one example, at least some of the chips of the first
chip and the at 1least one second chip can be electrically
connected with one another by a plurality of
through-silicon-vias.

[0031] In one example, at least one of the at least one second
chip can be configured to perform at least one of: partially or
fully decode information received at a contact thereof, or
regenerate information received at the contact thereof for
transfer to at least one of the first chip or to another of the
at least one second chip.

[0032] In one example, at least some of the electrical
interconnections between the first and second chips can be
through electrically conductive traces extending along at least
one edge of the microelectronic element.

[0033] In one example, at least some of the electrical
interconnections between the first and second chips can be
through wire bonds. In such example, a face of the at least one
second chip can face away from the first chip. At least some of
the wire bonds may connect the first chip with contacts exposed
at the face of the at least one second chip.

[0034] In one example, at least some of the electrical
interconnections between the first and second chips can be
through wire bonds. In such example, a face of the at least one
second chip faces toward the first chip. At least some of the
wire bonds can connect the first chip with contacts exposed at

the face of the at least one second chip.
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[0035] In such example, at least one of the first chip or the
at least one second chip may include a dynamic random access
memory ("DRAM") storage array.

[0036] In one example, at least one of the first chip or the
at least one second chip can be implemented in a NAND flash, RRAM
(resistive RAM), PCM (phase-change memory), MRAM (magnetic random
access memory), Spin-torgque RAM, or content—-addressable memory
technology.

[0037] A microelectronic package according to an aspect of the
invention can include a microelectronic element having a memory
storage array. The microelectronic element can embody a greater
number of active devices to provide memory storage array function
than any other function. The microelectronic element may have
one or more columns of element contacts exposed at a face of the
microelectronic element. Each column can extend 1in a first
direction along the face of the microelectronic element. An
axial plane normal to the face of such microelectronic element
can intersect the face of the microelectronic element along a
line extending in the first direction. The axial plane may be
centered relative to the one or more columns of element contacts.
[0038] The microelectronic package may include a substrate
having first and second opposed surfaces and a plurality of
substrate contacts exposed at the first surface facing the
element contacts and joined thereto. A plurality of parallel
columns of terminals exposed at the second surface can extend in
the first direction at the second surface of the substrate. The
terminals can be electrically connected with the substrate
contacts and can be configured to connect the microelectronic
package with a component external to the microelectronic package.
The terminals can include first terminals exposed at the second
surface 1in a central region of the second surface of the
substrate. The first terminals can be configured to carry a

majority of the address information usable by circuitry within
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the package to determine an addressable memory location from
among all the available addressable memory locations of a memory
storage array within the microelectronic element. In one
example, the central region may have a width 1in a second
direction along the second surface of the substrate transverse to
the first direction which 1is not more than three and one-half
times a minimum pitch between any two adjacent columns of the
parallel columns of the terminals. The axial plane may intersect
the central region.

[0039] In such example, the first terminals can be configured
to carry at least three quarters of the address information
usable by the circuitry within the package to determine the
addressable memory location.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] Fig. 1 is a sectional view illustrating a conventional
microelectronic package containing a DRAM chip.

[0041] Fig. 2 is a diagrammatic schematic diagram illustrating
a microelectronic assembly, e.g., a DIMM module, incorporating a
circuit panel and a plurality of microelectronic packages mounted

opposite one another to first and second opposite surfaces

thereof.
[0042] Fig. 3 1is a sectional view further illustrating an
electrical interconnection between first and second

microelectronic packages and a circuit panel in an assembly such
as shown in Fig. 2.

[0043] Fig. 4 is a diagrammatic plan view further illustrating
the electrical interconnection between first and second
microelectronic packages in an assembly such as shown in Fig. 2.
[0044] Fig. 5 1s a diagrammatic plan view illustrating an
arrangement and signal assignment of terminals in a
microelectronic package according to an embodiment of the

invention.
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[0045] Fig. 6A 1s a sectional view through 1line 6A-6A of
Fig. 5 further illustrating the microelectronic package shown in
Fig. 5.

[0046] Fig. 6B is a plan view further illustrating a possible
arrangement of element contacts and types of contacts on a
microelectronic element within a microelectronic package
according to any of the embodiments claimed herein, among which
is the embodiment shown in Figs. 5 and 6A.

[0047] Fig. 6C is a plan view further illustrating a possible
arrangement of element contacts and types of contacts on a
microelectronic element within a microelectronic package
according to any of the embodiments claimed herein, among which
is the embodiment shown in Figs. 5 and 6A.

[0048] Fig. 7A is a plan view further i1illustrating another
possible arrangement of element contacts on a microelectronic
element within a microelectronic package according to the
embodiment shown in Figs. 5 and 6A.

[0049] Fig. 7B is a plan view further illustrating an
arrangement of terminals in accordance with the embodiment shown
in Figs. 5 and 6A.

[0050] Fig. 7C is a sectional view illustrating a
microelectronic assembly and first and second microelectronic
packages electrically interconnected therewith in accordance with
an embodiment of the invention.

[0051] Fig. 7D is a schematic diagram illustrating a
microelectronic assembly including a circuit panel and
microelectronic packages electrically connected thereto, e.g., a
memory module, among others, according to an embodiment of the
invention.

[0052] Fig. 8 1s a plan wview illustrating an alternative
arrangement of terminals on a microelectronic package according

to a variation of the embodiment shown in Figs. 5 and 6A.
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[0053] Fig. 9A is a plan view and Fig. 9B is a corresponding
sectional view through 1line 9B-9B of Fig. 9A illustrating a
microelectronic package according to a variation of the
embodiment shown in Figs. 5 and 6A.

[0054] Fig. 9C is a plan view illustrating an arrangement of
element contacts and electrical interconnection between a
microelectronic element and a substrate in an embodiment of a
microelectronic package as shown in Figs. 9A-B.

[0055] Fig. 10 is a sectional view illustrating a
microelectronic package including a stacked electrically
connected assembly of semiconductor chips therein in accordance
with an embodiment of the invention.

[0056] Fig. 112 is a sectional view illustrating a
microelectronic package including a stacked electrically
connected assembly of semiconductor chips therein in accordance
with an embodiment of the invention.

[0057] Fig. 11B is a sectional view illustrating a
microelectronic package including a stacked electrically
connected assembly of semiconductor chips therein in accordance
with an embodiment of the invention.

[0058] Fig. 12 is a sectional view illustrating a
microelectronic package including a stacked electrically
connected assembly of semiconductor chips therein in accordance
with an embodiment of the invention.

[0059] Fig. 132 is a sectional view illustrating a
microelectronic package including a stacked electrically
connected assembly of semiconductor chips therein in accordance
with an embodiment of the invention.

[0060] Fig. 13B is a sectional view illustrating a
microelectronic package including a stacked electrically
connected assembly of semiconductor chips therein in accordance

with an embodiment of the invention.
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[0061] Fig. 14 is a sectional view illustrating an embodiment
of a microelectronic package including first and second
microelectronic elements therein each having element contacts
facing and joined to corresponding substrate contacts.

[0062] Fig. 15A is a diagrammatic plan view 1illustrating a
signal assignment of terminals on a microelectronic package
according to the embodiment shown in Fig. 14, wherein Fig. 14 is
a sectional view through line 14-14 of Fig. 15A.

[0063] Fig. 15B is a plan view further illustrating a possible
placement of terminals on the package of Figs. 14 and 15A
relative to the element contacts on the first and second
microelectronic elements therein.

[0064] Fig. 16A is a plan view illustrating another embodiment
of a microelectronic package having first, second, third and
fourth microelectronic elements therein spaced apart from one
another on a substrate.

[0065] Fig. 16B is a plan view 1llustrating a possible
arrangement and signal assignment of terminals on the
microelectronic package according to the embodiment shown in Fig.
16A.

[0066] Fig. 17A is a plan view illustrating another embodiment
of a microelectronic package having first, second, third and
fourth microelectronic elements therein spaced apart from one
another in a pinwheel arrangement on a substrate.

[0067] Fig. 17B is a plan view 1llustrating a possible
arrangement and signal assignment of terminals on the
microelectronic package according to the embodiment shown in Fig.
17A.

[0068] Fig. 18A is a sectional view illustrating a wafer-level
microelectronic package according to a variation of the

embodiment shown in Figs. 5 and 6A.
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[0069] Fig. 18B 1s a sectional view illustrating a fan-out
wafer—-level microelectronic package according to a wvariation of
the embodiment shown in Fig. 18A.

[0070] Fig. 19 is a schematic sectional view illustrating a
system according to an embodiment of the invention.

DETAILED DESCRIPTION

[0071] In view of the illustrative conventional
microelectronic package 12 described relative to Fig. 1, the
inventors have recognized improvements which can be made that may
help improve the electrical performance of a package
incorporating a memory storage array chip, and an assembly which
incorporates such package.

[0072] Improvements can be made particularly for use of a
microelectronic package when provided in an assembly such as
shown 1in Figs. 2-4, in which a package 12A is mounted to a
surface of a circuit panel with another like package 12B mounted
opposite thereto on an opposite surface of the circuit panel. The
packages 12A, 12B typically are functionally and mechanically
egquivalent to one another. Other pairs 12C and 12D; and 12E and
12F, of functionally and mechanically equivalent ©packages
typically are also mounted to the same circuit panel 34. The
circuit panel and the packages assembled thereto may form a
portion of an assembly commonly referred to as a dual in-line
memory module ("DIMM"). The packages in each oppositely mounted
pair of packages, e.g., packages 12A, 12B, connect to contacts on
opposite surfaces of the circuit panel so that the packages in
each pair overlie one another typically by more than 90% of their
regspective areas. Local wiring within the circuit panel 34
connects terminals, e.g., the terminals labeled "1" and "5" on
each package to global wiring on the circuit panel. The global
wiring includes the signal conductors of a bus 36 used to conduct
some signals to connection sites on the circuit panel 34 such as

sites I, II and TIITI. For example, packages 12A, 12B are
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electrically connected to the bus 36 by local wiring coupled to a
connection site I, packages 12C, 12D are electrically connected
to the bus by local wiring coupled to connection site II, and
packages 12E, 12F are electrically connected to the bus by local
wiring coupled to connection site III.

[0073] The circuit panel 34 electrically interconnects the
terminals of the respective packages 127, 12B using local
interconnect wiring that appears similar to a crisscross or
"shoelace" pattern in which a terminal labeled "1" near one edge
16 of package 12A connects through the circuit panel 34 to a
terminal labeled "1" of package 12B near the same edge 16 of
package 12B. However, the edge 16 of package 12B as assembled to
circuit panel 34 is far from the edge 16 of package 12A. Figs.
2-4 further shows that a terminal labeled "5" near an edge 22 of
package 12A 1is connected through the c¢ircuit panel 34 to a
terminal labeled "5" of package 12B near the same edge 22 of
package 12B. In assembly 38 the edge 22 of package 12A is far
from the edge 22 of package 12B.

[0074] Connections through the circuit panel between terminals
on each package, e.g., package 124, to the corresponding
terminals on the package mounted opposite thereto, i.e., package
12B, are fairly 1long. As further seen in Fig. 3, 1in such
assembly of 1like microelectronic packages 122, 12B, the circuit
panel 34 may electrically interconnect a signal conductor of the
bus 36 with the terminal of package 12A marked "1" and the
corresponding terminal of package 12B marked "1", when the same
signal from the bus is to be transmitted to each package.
Similarly, the circuit panel 34 may electrically interconnect
another signal conductor of the bus 36 with the terminal of
package 12A marked "2" and the corresponding terminal of package
12B marked "2". The same connection arrangement may also apply
to other signal conductors of the bus and corresponding terminals

of each package. Local wiring between the bus 36 on the circuit
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panel 34 and each package of the respective pair of packages,
e.g., packages 127, 12B (Fig. 2) at a connection site I of the
board can be in form of unterminated stubs. Such local wiring
when relatively long may in some cases impact the performance of
the assembly 38 as discussed below. Moreover, the circuit panel
34 also requires 1local wiring to electrically interconnect
certain terminals of other packages: the pair of packages 12C and
12D, and the pair of packages 12E and 12F to the global wiring of
the bus 36, and such wiring can also impact the performance of
the assembly in the same way.

[0075] Fig. 4 further illustrates the interconnection between
microelectronic packages 124, 12B  of respective pairs of
terminals assigned to carry signals "1", "2m, "3", 6 "4nw, nwon ongn,
"y", and "8". As seen in Fig. 4, because the columns 14, 18 of
terminals are near the edges 16, 22, respectively, of each
package 12A, 12B, the wiring needed to traverse the circuit panel
34 in a direction 40 transverse to the direction 42 in which the
columns 14, 18 of terminals extend can be guite 1long. In
recognition that the length of a DRAM chip can be in the range of
ten millimeters on each side, the length of the local wiring in a
circuit panel 34 in an assembly 38 seen in Figs. 2-4 that is
required to route the same signal to the corresponding terminals
of two oppositely mounted packages 12A, 12B can range between
five and ten millimeters and may typically be about seven
millimeters.

[0076] In some cases, the lengths of the circuit panel wiring
required to connect the terminals of such oppositely mounted
microelectronic packages may not severely impact the electrical
performance of the assembly. However, when the signal carried by
the connected pair of terminals on the packages 12A, 12B is a
signal from a bus 36 used to carry address information or other
information such as clock information for sampling the address

information which is common to operation of the memory storage
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array function of a plurality of packages connected to the
circuit panel, the inventors recognize that the wiring length of
the stubs extending from the bus 36 to the terminals on each
package may significantly affect ©performance. When  the
interconnecting wiring is relatively long, a more severe impact
occurs, which can increase settling time, ringing, Jitter, or
intersymbol interference for a transmitted signal to an
unacceptable degree.

[0077] In a particular embodiment, the bus 36 used to carry
address information can be a command-address bus 36 configured to
carry command information, address information, bank address
information and clock information. 1In a specific implementation,
the command information can be transmitted as command signals on
respective signal conductors on the circuit panel. It is also
possible for the address information to be transmitted as address
signals on respective signal conductors, as 1t is also possible
for the Dbank address information to be transmitted as bank
address signals on respective signal conductors, and it is also
possible for the clock information to be transmitted as clock
signals on respective signal conductors. In a specific
implementation of a microelectronic element which has a memory
storage array such as a DRAM chip, the command signals which can
be carried by the bus 36 can be write enable, row address strobe
and column address strobe, and the clock signals which can be
carried by the bus 36 can be clock signals used at least for
sampling address signals carried by the bus 36.

[0078] Accordingly, certain embodiments of the invention
described herein provide a microelectronic package configured so
as to permit the lengths of stubs on a circuit panel to be
reduced when first and second such packages are mounted opposite
one another on opposite surfaces of a circuit panel, e.g., a
circuit board, module board or card, or flexible circuit panel.

Assemblies which incorporate first and second microelectronic
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packages electrically connected to a circuit panel at locations
of the c¢ircuit panel opposite from one another can have
significantly reduced stub lengths lbetween the respective
packages. Reducing the stub lengths within such assemblies can
improve electrical performance, such as by reducing one or more
of settling time, ringing, Jjitter, or intersymbol interference,
among others. Moreover, it may be possible to obtain other
benefits as well, such as simplifying the structure of the
circuit panel or reducing the complexity and cost of designing or
manufacturing the c¢ircuit panel, or for Dboth designing and
manufacturing the circuit panel.

[0079] Thus, a microelectronic package 100 according to an
embodiment of the invention is illustrated in Figs. 5 and 6A. As
seen therein, the package 100 can include a microelectronic
element 130 having memory storage array function. In one
example, the microelectronic element may be configured to
predominantly provide memory storage array function, in that the
microelectronic element may have a greater number of active
devices, e.g., transistors, configured to provide memory storage
array function than any other function.

[0080] As further seen, the package can include a substrate
102 having first and second opposed surfaces 120, 110. The first
and second surfaces face in opposite directions, and thus, are
opposed relative to one another, and are "opposed surfaces". A
plurality of first terminals 104 and a plurality of second
terminals 106 are exposed at the second surface 110 of the
substrate 102. As used herein, a statement that an electrically
conductive element 1is "exposed at"™ a surface of a structure
indicates that the electrically conductive element 1s available
for contact with a theoretical point moving in a direction
perpendicular to the surface toward the surface from outside the
structure. Thus, a terminal or other conductive element which is

exposed at a surface of a structure can project from such
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surface; can be flush with such surface; or can be recessed
relative to such surface and exposed through a hole or depression
in the structure.

[0081] The substrate can include a sheet-1like dielectric
element, which in some cases can consist essentially of polymeric
material, e.g., a resin or polyimide, among others.
Alternatively, the substrate can include a dielectric element
having a composite construction such as glass-reinforced epoxy,
e.g., of BT resin or FR-4 construction. In another example, the
substrate can include a supporting element of material having a
coefficient of thermal expansion ("CTE") of less than 12 parts
per million, on which the terminals and other conductive
structure are disposed. For example, such low CTE element can
consist essentially of glass, ceramic or semiconductor material
or liquid crystal polymer material, or a combination of such
materials.

[0082] The first terminals 104 can be disposed at locations
within a plurality of parallel columns 104A, 104B extending in a
first direction, and the second terminals 106 can be disposed at
locations within a plurality of columns 106A and 106B exposed at
a surface 110 of the substrate. In the example shown in Fig. 5,
columns 104A and 104B may each contain some first terminals
disposed in a central region 112 of the surface 110, and columns
106A, 106B may each contain some terminals 1n respective
peripheral regions 1144, 114B disposed beyond the central region.
The central region has a width in a second direction transverse
to the first direction. The central region 1s not wider than
three and one-half times a minimum pitch between adjacent ones of
the parallel columns of the terminals, as seen and further
described relative to Fig. 7B below. As indicated above, the
first terminals can be configured to carry address information
transferred to the microelectronic package. In a particular

embodiment, the address information can be received by the first
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terminals from a bus 36 on the circuit panel, e.qg., a
command-address bus. The address information can be received as
individual address signals, e.g., signals A0 through Al5 on the
respective first terminals, or some or all of the address
information can be received as a combination of voltage levels
received on more than one first terminal, e.g., as information in
encoded form when received. In a particular embodiment, some or
all of the address information can be received on one or more of
the first terminals on a rising transition of a clock used to
sample the information, i.e., a transition of a clock from a
first state of higher voltage to a second state of lower voltage,
or some or all of the address information can be received on one
or more of the first terminals on a falling transition of the
clock, i.e., a transition of the clock from the second state of
lower voltage to the first state of higher voltage. In still
another example, some of the address information can be received
on one or more of the first terminals on a rising transition of
the clock while some or the address information can be received
on one or more of the first terminals on a falling transition of
the clock.

[0083] As described above, the second terminals 106 may be
disposed at positions within one or more of first and second
peripheral regions 1147, 114B of the substrate surface 110 and
may be disposed at positions within columns 106A and 106B as
shown. The first and second peripheral regions may in some cases
be adjacent to first and second opposed edges 116, 118 of the
surface 110, as seen in Fig. 5. The central region 112 1is
disposed between the first and second peripheral regions 1144,
114RB. In one example, the second terminals can be disposed at
locations within one or more columns 1064, 106B each having a
plurality of second terminals.

[0084] In a particular example, when the microelectronic

element includes or 1is a DRAM semiconductor chip, the first
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terminals in the central region can be configured to carry
address information transferred to the microelectronic package
which is usable by circuitry within the package, e.g., by row
address and column address decoders, and bank selection
circuitry, 1if present, to determine an addressable memory
location from among all the available addressable memory
locations of a memory storage array within the microelectronic
element. Typically, when the microelectronic element includes a
DRAM chip, the address information in one embodiment can include
all address information transferred to the package from a
component external to the package, e.g., a circuit panel, which
is used for determining a random access addressable memory
location within a memory storage array within the microelectronic
package for read access thereto, or for either read or write
access thereto.

[0085] In a specific implementation, such as when the
microelectronic element 1s of a type which receives address
signals from a command-address bus on the circuit panel, the
first terminals may be configured to carry address signals, bank
address signals, certain command signals, and clock signals which
are clocks used for sampling the address signals. While the
clock signals can be of various types, in one embodiment, the
clock signals carried by these terminals can be one or more pairs
of differential clock signals received as differential or true
and complement clock signals. The "command signals™ in this case
can be a write enable signal, a row address strobe signal, and a
column address strobe signal wutilized by a microelectronic
element within the microelectronic package. For example, 1in a
particular example as seen in Fig. 5, the first terminals can
include clock signals CK and CKB, row address strobe RAS, column
address strobe CAS and write enable signals WE, as well as
address signals A0 through Al5 inclusive, and bank address

signals BAO, BAl and BAZ2.
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[0086] As seen in the sectional view of Fig. 0A, a
microelectronic element 130 within microelectronic package 100
has element contacts 132 exposed at a face 134 of the
microelectronic element 130. The element contacts 132 face
corresponding substrate contacts 136 exposed at a surface 120 of
a substrate 102 and the element contacts are Jjoined to the
substrate contacts. For example, the contacts of the
microelectronic element can be Jjoined with the contacts of the
substrate in flip-chip manner using a bond metal such as solder,
tin, indium, gold, eutectic or other electrically conductive bond
metal or bond material. Alternatively, in an appropriate case,
another technique can be used such as metal-to-metal Jjoining,
e.g., a copper—-copper joining process utilizing copper bumps on
one or both of the element contacts 132 and corresponding
substrate contacts 136.

[0087] In the example seen in Figs. 5-6A, a microelectronic
package 100 has columns 104A, 104B of terminals which include
first terminals 104 exposed at surface 110 of the substrate in
the central region 112 of the surface 110 of the substrate 102.
As further seen in Fig. 6B, element contacts 132 exposed at a
face 134 of the microelectronic element 130 can be disposed at
locations within first and second columns 138, 139 each extending
in a first direction 142 on the face 134 of the microelectronic
element. A column of contacts on the microelectronic element can
be fully populated as in the case of column 138, or a column of
contacts may only have contacts at some of the positions within
the column, as in the case of column 139. As seen in Figs. 6A-B,
an axial plane 140 of the microelectronic element 130 intersects
the face 134 of the microelectronic element 130 along a line
extending in the first direction 142, and the axial plane 140
also extends in a second direction normal to the face 134 of the
microelectronic element. In the case of the microelectronic

element 130 seen in Fig. 6B, the axial plane 140 can intersect
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the face 134 of the microelectronic element at points centered,
e.g., equidistant between columns 138, 139 of the element
contacts. As further seen in Fig. 6B, as the columns 138, 139 of
element contacts are typically not centered precisely between
opposed edges 146, 148 of the microelectronic element, the axial
plane 140 can be and typically is displaced in a perpendicular
direction 143 along the face 134 from a central line 144 that
extends in the first direction 142 and is centered precisely
between the opposed edges 146, 148. However, in a particular
embodiment, when the positions of the columns 138, 139 are so
disposed such that the central line 144 is centered between the
columns, then the axial plane 140 can coincide with the central
line 144.

[0088] As further shown in Fig. 6B, the microelectronic
element 130 may additionally include a plurality of peripheral
contacts adjacent to one or more of the peripheral edges 146,
148. These peripheral contacts may be used for connection to
power, ground, or as contacts available for contact with a
probing device, such as may be used for testing. In this case,
the intersection of the axial plane 140 with the face 134 of the
microelectronic element can be centered relative to only columns
138, 139 of contacts which are disposed adjacent to one another
near the center of the microelectronic element. The other
contacts 192 which are disposed adjacent to one of the edges 146
or 148 of the microelectronic element and which are configured
for connection to power, ground, or probing are ignored in
determining the location of the intersection of the axial plane
140 with the microelectronic element 130.

[0089] Thus, the contacts of the microelectronic element may
include the one or more columns of contacts 138, 139 being first
contacts and containing a majority of the contacts. The contacts
of the microelectronic element may further include second

contacts 192 exposed at the face of the microelectronic element
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disposed adjacent to one or more edges of the face. The second
contacts 192 are fewer than the number of first contacts in any
one column thereof. In a particular example, each of the second
contacts may be configured to be connected to one of a source of
power, a ground, or be configured for connection to a probing
device. In the completed package 100, these contacts may be
without electrical connections with the substrate 102, or in some
cases may be electrically connected only to corresponding power
or ground conductors on the substrate. In such example, the
intersection of the axial plane 140 with the face 134 of the
microelectronic element 130 can be centered with respect to the
columns of the first contacts, e.g., columns 138, 139 as seen in
Fig. 6B, regardless of the positions of the second contacts 192.

[0090] Fig. 6C illustrates vyet another example in which
contact pads 332 of a microelectronic element can be disposed in
one or two columns 338, 339 near the center of the
microelectronic element 330, e.g., adjacent a central axis 140 of
the microelectronic element. In this example, the element
contacts which are joined to corresponding contacts 136 (Fig. 6A)
of the substrate can be redistribution contacts 145, 147 on the
microelectronic element. Some or all of the redistribution
contacts 145, 147, which are electrically connected with the
contact pads 332 can be displaced from the contact pads 332 in
one or more directions 142, 143 along a face of the
microelectronic element. In one example, the redistribution
contacts can be disposed in a plurality of columns 135, 137 which
are closer to the edges 146, 148 of the microelectronic element
than the columns 338, 339 of contact pads 332. In a particular
example, the redistribution contacts can be distributed in an
area array exposed at the surface of the microelectronic element.
In another particular example, the redistribution contacts can be
distributed along one or more peripheral edges 146, 148 of the

microelectronic element which extend in a first direction 142, or
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be distributed along one or more peripheral edges 151, 153 of the
microelectronic element which extend in a second direction 143
transverse to direction 142, In vyet another example, the
redistribution contacts can be distributed along two or more of
the peripheral edges 146, 148, 151, 153 of the microelectronic
element. In any of these examples, the redistribution contacts
145, 147 can be disposed on the same face of the microelectronic
element as the contact pads 332, or be disposed on a face of the
microelectronic element opposite from the contact pads. In one
example, each contact pad can be connected to a redistribution
contact. In another example, there may be no redistribution
contact connected to one or more contact pads. Such one or more
contact pads 332 which are not connected to a redistribution
contact may or may not be electrically connected to one or more
corresponding terminals of the package.

[0091] Referring to Fig. 6A, the axial plane 140 intersects
the central region 112 of the surface 110 of the substrate 102 of
the microelectronic package 100. Accordingly, the axial plane
intersects the central region 112 of the substrate surface 110 at
which columns 104A, 104B containing first terminals 104
configured to carry the aforementioned address information, or in
a particular implementation, the terminals configured to carry
command-address bus information or command-address bus signals,
are exposed. Hereinafter, reference to first terminals will be
understood to refer to terminals exposed in the central region
112 of the substrate surface, wherein in aggregate, such
terminals are configured to carry address information that is
usable by circuitry within the microelectronic package to
determine an addressable memory location from among all the
available addressable memory locations of a memory storage array
within a microelectronic element in the microelectronic package,
whether the first terminals are configured to carry all or at

least a majority, or in one example, three quarters or more of
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the address information used by circuitry within the package to
determine an addressable memory location within such memory
storage array. In some embodiments, the first terminals may also
be configured to carry additional information or signals as well,
such as command information or command signals for write enable,
row address strobe and column address strobe function, bank
address information, and clock information, as described above.
[0092] As further seen in Fig. 6A, joining elements 154A, 154B
of a bond metal, e.g., solder, tin, indium or eutectic, or other
electrically conductive Dbond material can be Jjoined to the
terminals 104A, 104B, which can be used to join the terminals of
the package 100 to a component external to the package, such as
to corresponding contacts of a circuit panel.

[0093] As further shown 1in Fig. 74, in some <cases, a
microelectronic element 230 may have only one column 238
containing a plurality of contacts exposed at the face 134, in
which case the axial plane 240 extends through the column 238 of
contacts. As seen in Fig. 7B, as incorporated in microelectronic
package 200, the axial plane 240 may intersect the central region
112 of the substrate surface at a location between columns 104A,
104B of terminals, wherein the axial plane 240 and each of the
columns 104A, 104B extend in a first direction 142 in which a
column 238 of the contacts of the microelectronic element extend.
Alternatively, in another example (not shown) the axial plane 240
may intersect the central region 112 along a line extending in
the first direction, wherein the line intersects one of the
columns 104A or 104B of the terminals.

[0094] As further seen in Fig. 7B, a minimum pitch 150 exists
as the smallest distance between any two adjacent columns of
terminals on the substrate. The minimum pitch is defined as the
minimum distance between centerlines extending in the direction

162 through the respective adjacent columns.
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[0095] The minimum pitch is in a direction 143 perpendicular
to the direction 142 in which the terminals in a particular
column, e.g., column 104A are arranged. In the example shown in
Fig. 7B, the minimum pitch occurs between columns 104A, 104B
which are closest to one another between edges 116 and 118 of the
substrate 110. With further reference to Fig. 7B, the central
region 112 has a maximum width 152 along the substrate surface
110 4in the direction 143 of the pitch, 1i.e., in a second
direction transverse to the first direction 142, the width 152
being not greater than three and one-half times the minimum pitch
between any two adjacent columns of the terminals, e.g., columns
104A, 104B of the terminals.

[0096] Fig. 7C 1illustrates a microelectronic assembly 300 of
first and second microelectronic packages 1004, 100B, each being
a microelectronic package 100 as described with reference to
Figs. b5-6B above, as mounted to opposite first and second
surfaces 350, 352 of a circuit panel 354. The circuit panel can
be of wvarious types, such as a printed circuit board used in a
dual inline memory module ("DIMM") module, a circuit board or
panel to be connected with other components in a system, or a
motherboard, among others. The <circuit panel has contacts
configured to electrically connect to microelectronic packages.
In a particular embodiment, the circuit panel may include an
element having a coefficient of thermal expansion ("CTE") of less
than 12 parts per million per degree Celsius ("ppm/°C"), wherein
the panel contacts at the first and second surfaces are connected
by vias extending through the element. For example, the element
may consist essentially of semiconductor, glass, ceramic or
liquid crystal polymer material.

[0097] The first and second microelectronic packages 1004,
100B can be mounted to corresponding panel contacts 360, 362
exposed at the first and second surfaces 350, 352 of the circuit

panel 354. In the example shown in Fig. 7C, the first terminals
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104-1 and 104-2 can be disposed at locations in a grid 105 on the
first package 100A. The first terminals 104-1 and 104-2 of the
second package 100B can also be disposed at locations within a
grid 105 on the second package. FEach grid of terminals may be
fully populated, i.e., there being a terminal occupying each
position of each grid. Alternatively, one or more positions of
each grid may not be occupied by a terminal. As evident from
Fig. 7C, the grids can be aligned within one ball pitch of one
another in x and y orthogonal directions parallel to the surface
350 of the circuit panel, the ball pitch being no greater than a
minimum pitch between any two adjacent parallel columns of the
terminals on either package. In a particular example, at least
half of the positions of the grids of the first and second
packages may be aligned with one another in x and y orthogonal
directions parallel to the first surface of the circuit panel.
[0098] In a particular example, the grids may be aligned with
one another in the x and y directions such that at least some of
the first terminals on the first and second microelectronic
packages are coincident with one another. As used herein, when
the first terminals of packages at opposite surfaces of a circuit
panel are "coincident" with one another, the alignment can be
within customary manufacturing tolerances or can be within a
tolerance of less than one-half of one ball pitch of one another
in x and y orthogonal directions parallel to the first and second
circuit panel surfaces, the ball pitch being as described above.
[0099] Wiring within the c¢ircuit panel 354 electrically
connects a terminal 104-1 in a column 104A of terminals of
package 100A with a terminal 104-1 of a column 104A of terminals
of package 100B, as shown. The wiring that forms the electrical
connections is shown schematically by the dashed line 320 in Fig.
7C, because the wiring can be hidden from the particular view
provided in Fig. 7C. Similarly, wiring within the circuit panel

354 electrically connects a terminal 104-2 of a column 104B of
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terminals of package 100A with a terminal 104-2 of a column 104B
of terminals of package 100B, and the electrical interconnections
between such terminals is shown schematically by the dashed line
322 in Fig. 7C.

[0100] Further, in a particular example as shown in Fig. 7C,
when there are two columns 104A, 104B containing first terminals
in each grid, and the grids are aligned within at least one ball
pitch of one another, then the wiring on the circuit panel 354
required to connect one of the first terminals labeled "A"™ of
package 100A with one of the first terminals labeled "A" of
package 100B can be relatively short. Specifically, when each
grid 104 on each package has two columns 104A, 104B, and the
grids 104 are aligned in the above-described manner, then the
first column 104A of the first package 100A is aligned within one
ball pitch of the second column 104B of the second package in x
and y orthogonal directions parallel to the first surface 350 of
the c¢ircuit panel, and the second column 104B of the first
package 100A is aligned within one ball pitch of the first column
104A of the second package in x and y orthogonal directions
parallel to the first surface 350 of the circuit panel.

[0101] Therefore, the electrical 1lengths of stubs on the
circuit panel 354 which electrically connect a first terminal
104-1 of the first package 100A with the corresponding first
terminal 104-1 on the second package 100B can be less than seven
times a minimum pitch of the first terminals on each package, for
example, less than seven times the pitch 150 between columns
104A, 104B of first terminals in Fig. 7B. Stated another way,
the total combined length of the conductive elements connecting a
pair of electrically coupled first and second panel contacts
exposed at the first and second surfaces of the circuit panel,
for electrically interconnecting the first and second panel
contacts with a corresponding conductor of a bus on the circuit

panel can be less than seven times a minimum pitch of the panel
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contacts, for example. Moreover, the length of a stub of at least
one of the electrical connections Dbetween one of the first
terminals of the first microelectronic package and a
corresponding one of the first terminals of the second
microelectronic package can be less than seven times a minimum
pitch of the first terminals on the first microelectronic
package. In a particular embodiment when the first terminals are
configured to carry the aforementioned command-address bus
signals, the total combined length of the conductive elements
connecting a pair of electrically coupled first and second panel
contacts exposed at the first and second surfaces of the circuit
panel for electrically interconnecting the first and second panel
contacts with one of the corresponding command-address bus
signals on the circuit panel can be less than seven times a
smallest pitch of the panel contacts. In yet another example, the
electrical length of the connection between a first terminal 104-
1 of the first package 100A with the corresponding first terminal
104-1 on the second package 100B may be approximately the same as
a thickness 356 of the circuit panel 354 between first and second
surfaces 350, 352.

[0102] The reductions 1in the 1lengths of these electrical
connections can reduce stub lengths in the circuit panel and the
assembly, which can help improve the electrical performance, such
as reducing settling time, ringing, Jjitter, or intersymbol
interference, among others, for the above-noted signals which are
carried by the first terminals and which are transferred to
microelectronic elements in both the first and second packages.
[0103] Moreover, 1t may be possible to obtain other benefits
as well, such as simplifying the structure of the circuit panel
or reducing the complexity and cost of designing or manufacturing
the circuit panel. That is, connections on the circuit panel may
require fewer layers of wiring to interconnect the first

terminals of each package to the bus on the circuit panel, such

—-30-



WO 2013/052345 PCT/US2012/057554

as the above-discussed bus which carries address information or a
command-address bus.

[0104] In addition, the number of global routing layers of
conductors, i1.e., wiring extending in at least one direction
generally parallel to a surface of the circuit panel, which is
required to route signals from the above-noted signals carried by
the first terminals, e.g., address information or command-address
bus signals can sometimes be reduced. For example, the number of
such global routing layers between a connection site where a
first pair of microelectronic packages 100A, 100B is connected
and a different connection site where at least one other
microelectronic package 1is connected, e.g., between connection
sites II and III (Fig. 7D) thereon, can be reduced when the
microelectronic packages attached thereto are constructed
according to the principles herein. Specifically, the number of
global routing layers required to route such signals along the
circuit panel may 1in some cases be reduced to two or fewer
routing layers. In a particular example, there may be no more
than one routing layer for global routing of all of the
above—-noted address or command-address bus signals between a
connection site at which first and second microelectronic
packages are connected, and a different connection site at which
at least a third microelectronic package 100A or 100B is
electrically connected. However, on the circuit panel, there
may be a greater number of global routing layers used to carry
signals other than the above-noted address or command-address bus
signals. Fig. 7D illustrates a microelectronic assembly such as,
for example, a DIMM, among others, incorporating a circuit panel
and a plurality of microelectronic packages mounted opposite one
another to first and second opposite surfaces thereof. As seen in
Fig. 7D, the above-noted address signals or command-address bus
signals can be routed on a bus 36, e.g., an address bus or

command—-address bus on the circuit panel or circuit board 354 in
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at least one direction 143 between connection sites I, II or III
at which respective pairs of microelectronic packages 100A, 110B
are connected to opposite sides of the circuit panel. Signals of
such bus 36 reach each pair of packages at the respective
connection sites I, II or III at slightly different times. The at
least one direction 143 can be transverse or orthogonal to a
direction 142 in which at least one column 138 of a plurality of
contacts on at least one microelectronic element within each
package 100A or 100B extends. In such way, the signal conductors
of the bus 36 on (i.e., on or within) the circuit panel 354 can
in some cases be spaced apart from one another in a direction 142
which is parallel to the at least one column 138 of contacts on a
microelectronic element within a package 100A, or 100B connected
to the circuit panel. Such configuration, particularly when
first terminals 104-1, 104-2 of each microelectronic package are
disposed at positions within one or more columns extending in
such direction 142, may help simplify the routing of signal
conductors of one or more global routing layers on the circuit
panel used to route the signals of the bus 36. For example, it
may be possible to simplify routing of the command-address bus
signals on a circuit panel when relatively few first terminals
are disposed at the same vertical layout position on each
package. Thus, in the example shown in Fig. 5, only two first
terminals 104 are disposed at the same vertical layout position
on each package, such as the first terminals 104 configured to
receive address signals A3 and Al.

[0105] In an exemplary embodiment, the microelectronic
assembly 354 can have a second microelectronic element 358 that
can include a semiconductor chip configured to perform buffering
of at least some signals transferred to the microelectronic
packages 100A, 100B of the assembly 354. In a particular
embodiment, the second microelectronic element can be configured

predominantly to perform a logic function, such as a solid state
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drive controller, and one or more of the microelectronic elements
358 1in the microelectronic packages 100A and 100B can each
include memory storage elements such as nonvolatile flash memory.
In one example, the second microelectronic element 358 can
include a special purpose processor that is configured to relieve
a central processing unit of a system such as the system 1500
(FIG. 19) from supervision of transfers of data to and from the
memory storage elements included in the microelectronic elements
130. Such a microelectronic element 358 including a solid state
drive controller can provide direct memory access to and from a
data bus on a motherboard (e.g., the circuit panel 1502 shown in
FIG. 19) of a system such as the system 1500. In a particular
embodiment, the microelectronic element 358 can have a buffering
function. Such a microelectronic element 358 can be configured
to help provide impedance isolation for each of the
microelectronic elements 130 in microelectronic packages 1004,
100B with respect to components external to the microelectronic
assembly 354 or system 1500 (Fig. 19).

[0106] In a particular embodiment, the first terminals 104 of
the microelectronic package can be configured to carry
information that controls an operating mode of the
microelectronic element 101. More specifically, the first
terminals can be configured to carry all of a particular set of
command signals and/or clock signals transferred to the
microelectronic package 100. In one embodiment, the first
terminals 104 can be configured to carry all of the command
signals, address signals, bank address signals, and clock signals
transferred to the microelectronic package 100 from an external
component, wherein the command signals include row address
strobe, column address strobe and write enable. In such
embodiment, the first chip can be configured to regenerate the
information that controls the operating mode. Alternatively, or

in addition thereto, the first <chip can be configured to
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partially or fully decode the information that controls the
operating mode of the microelectronic element. In such
embodiment, each second chip may or may not be configured to
fully decode one or more of address information, command
information, or information that controls an operating mode of
the microelectronic element.

[0107] Microelectronic packages having other arrangements of
terminals thereon can be provided. For example, 1in the
microelectronic package 400 illustrated in Fig. 8, four columns
404A, 404B, 404C, and 404D of terminals are disposed in a central
region 112 of the substrate surface, these columns containing the
first terminals which are configured to carry all of the command
signals, address signals, bank address signals and clock signals
used to sample the address signals. In another example (not
shown), 1t 1s also possible for the first terminals of a
microelectronic package to be disposed at positions within three
columns.

[0108] In the microelectronic package 500 illustrated in Figs.
9A and 9B, first terminals 504 are disposed at positions within a
single column 505 disposed in the central region 512 of the
substrate surface, the single column 505 extending in a direction
parallel to the edges 516, 518 of the microelectronic package.
Although shown in Fig. 9A, the second terminals are omitted from
Fig. 9B for clarity.

[0109] In the particular example seen in Fig. 94, the minimum
pitch between any two columns of terminals on the substrate is
the pitch 552 between the adjacent columns 506B and 506C of
second terminals disposed 1in peripheral region 514B of the
substrate surface. The width 554 of the central region is not
greater than three and one-half times the minimum pitch 552
between the columns 506B and 506C of terminals.

[0110] As further seen in Fig. 9B, the microelectronic element

530 in microelectronic package 500 may have a single column of

_34_



WO 2013/052345 PCT/US2012/057554

element contacts 538 on the face 534 of the microelectronic
element. In such case, the internal electrical connections
between the element contacts 538 and the first terminals 504 of
the microelectronic package 500 can be particularly short. For
example, 1in the microelectronic package 500 seen in Fig. 9C,
connections between element contacts 538A and the first terminals
504 may in one case extend only or mainly in a first direction
542 in which the column 538A of element contacts extend on the
face 534 of the microelectronic element 530. In another case,
the connections between element contacts 538B and the first
terminals 504 may in one case extend only in a vertical direction
above the contacts 538B, so that at least some first terminals
504 of the package 500 may at least partially overlie the element
contacts 538 to which the contacts 538B are electrically
connected.

[0111] Fig. 10 illustrates a microelectronic package 600
according to a particular example in which the microelectronic
element 630 includes a plurality of vertically stacked
electrically interconnected semiconductor chips 632 and 634. In
this case, the microelectronic element 630 includes a first
semiconductor chip 632 having element contacts 636 on a face 638
thereof which face substrate contacts 640 exposed at a first
surface 610 of the substrate and are Jjoined to the substrate
contacts 640. The microelectronic element also includes one or
more sgecond semiconductor chips 634 which overlie a face 642 of
the first semiconductor chip 632 opposite the face 638 of the
first semiconductor chip, the face 642 being remote from the
first surface 610 of the substrate 602. The one or more second
semiconductor chips 634 are electrically interconnected with the
first semiconductor chip 632. For example, as seen in Fig. 10,
there are three vertically stacked second semiconductor chips 634

in which the faces thereof overlie one another.
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[0112] In the microelectronic package 600 seen in Fig. 10,
each of the first and second semiconductor chips 632, 634 can
have memory storage array function. In one example, each of the
first and second semiconductor chips can be configured such that
each such semiconductor chip embodies a greater number of active
devices to provide memory storage array function than any other
function. For example, each of the first and second semiconductor
chips may include a memory storage array and all circuitry
required for inputting data to and outputting data from the
memory storage array. For example, when the memory storage array
in each semiconductor chip is writable, each of the semiconductor
chips may include circuitry configured to receive external data
input from terminals of the package, as well as circuitry
configured to transfer data output from such semiconductor chip
to terminals of the package. Thus, each first and each second
semiconductor chip 632, 634 can be a dynamic random access memory
("DRAM") chip or other memory chip which is capable of inputting
and outputting data from the memory storage array within such
semiconductor chip and receiving and transmitting such data to a
component external to the microelectronic package. Stated
another way, in such case, signals to and from the memory storage
array within each DRAM chip or other memory chip does not require
buffering by an additional semiconductor chip within the
microelectronic package.

[0113] Alternatively, 1n another example, the one or more
second semiconductor chips 634 may embody a greater number of
active devices to provide memory storage array function than any
other function, but the first semiconductor chip 632 may be a
different type of chip. In this case, the first semiconductor
chip 632 can be configured, e.g., designed, constructed, or set
up, to buffer signals, 1i.e., regenerate signals received at the
terminals for transfer to the one or more second semiconductor

chips 634, or to regenerate signals received from one or more of
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the second semiconductor chips 634 for transfer to the terminals,
or to regenerate signals being transferred in both directions
from the terminals to the one or more second semiconductor chips
634; and from the one or more semiconductor chips to the
terminals of the microelectronic package.

[0114] Alternatively or in addition to regenerating signals
as described above, in one example, the first chip in such a
composite microelectronic element can be configured to partially
or fully decode the information that controls the operating mode
of the microelectronic element. In a particular example, the
first semiconductor chip in such composite microelectronic
element can be configured to partially or fully decode at least
one of address information or command information received at the
terminals, such as at the first terminals. The first chip can
then output the result of such partial or full decoding for
transfer to the one or more second semiconductor chips 634.

[0115] In a particular example, the first semiconductor chip
can be configured to buffer the address information, or in one
example, the command signals, address signals and clock signals
which are transferred to the one or more second semiconductor
chips. For example, the first semiconductor chip 632 can be a
buffer chip which embodies a greater number of active devices to
provide a buffering function in transferring signals to other
devices, e.g., to the one or more second semiconductor chips 634,
than for any other function. Then, the one or more second
semiconductor chips may be reduced function chips which have
memory storage arrays but which can omit circuitry common to DRAM
chips, such as buffer circuitry, decoders or predecoders or
wordline drivers, among others. In that case, the first chip 632
may function as a "master" chip in the stack and to control
operations in each of the second semiconductor chips 634. In a
particular example, the second semiconductor chips may be

configured such that they are not capable of performing the
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buffering function. In that case, the stacked arrangement of the
first and second semiconductor chips is configured such that the
buffering function required in the microelectronic package can be
performed by the first semiconductor chip, and cannot be
performed by any of the second semiconductor chips in the stacked
arrangement.

[0116] In any of the embodiments described herein, the one or
more second semiconductor chips can be implemented in one or more
of the following technologies: DRAM, NAND flash memory, RRAM

("resistive RAM" or "resistive random access memory"), static

random access memory (SRAM) , phase-change memory ("pCM"),
magnetoresistive random access memory, e.qg. such as may
embodiment tunnel junction devices, spin-torqgque RAM, or

content-addressable memory, among others.

[0117] Fig. 10 further illustrates a microelectronic package
600 according to a particular example in which the one or more
second semiconductor chips 634 is electrically connected with the
first semiconductor chip 632 by through silicon wvias (“TSVs”) 650
which extend 1in a direction of a thickness 652 of the first
semiconductor chip 632 between first and second opposed faces
638, 642 thereof. As seen in Fig. 10, in one example, the TSVs
650 can be electrically connected with the element contacts 636
of the first semiconductor chip 632, such as by traces 654
extending along a face 638 of the first semiconductor chip 632.
Although any electrical connections between the first and second
semiconductor chips can be made in this manner, such connections
are well-suited for the distribution of power and ground to the
first and second semiconductor chips.

[0118] Signals which are regenerated by a first semiconductor
chip 632 operating as a buffer element, which are then
transferred to the one or more second semiconductor chips, can be
routed through TSVs connected to internal circuitry, for example.

As further seen in Fig. 10, the microelectronic package may also
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include through-silicon-vias 650 extending partially or
completely through one or more of the second semiconductor chips
634. TSVs 650 may not directly connect to the substrate 602, but
may instead terminate on circuitry contained in semiconductor
chip 632.

[0119] Fig. 11A further illustrates microelectronic package
700 according to a variation of the embodiment seen in Fig. 10.
In this case, the first semiconductor chip 732 is interconnected
with the substrate 702 in the same manner as described above
relative to Fig. 10. However, the one or more second
semiconductor chips 734 is electrically interconnected with the
first semiconductor chip 732 through wire bonds.

[0120] In the example shown in Fig. 114, the second
semiconductor chips 734 are placed with their front faces and
contacts 731 thereon facing upwardly, that is, facing away from
the first semiconductor chip 732. However, in another wvariation
seen in Fig. 11B, another way the first and second semiconductor
chips 832, 834 can be mounted together in the microelectronic
package is for each of the second semiconductor chips 834 to be
placed with their front faces and contacts 831 facing downwardly,
that 1s, towards the substrate 602. In that way, the contacts 831
can be electrically connected to corresponding contacts 841 on
the front face 838 of the first semiconductor chip 832 through
wire Dbonds 836. In this case, the contacts 841 can be
electrically connected to the element contacts 636 on the first
semiconductor chip 832 such as by traces 838 extending along the
front face 838 of the first semiconductor chip 832, with the
connections between the element contacts 636 and the substrate
contacts 640 being as described above relative to Fig. 10.

[0121] Fig. 12 illustrates a microelectronic package according
to a further variation of the embodiment described above relative
to Fig. 10, in which connections between contacts of the one or

more second semiconductor chips 934 and the first semiconductor
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chip 932 can include traces 936 which extend along one or more
edges of the microelectronic element 930, i.e., along edges of
the semiconductor chips 932, 934 within the microelectronic
element. The electrical connections between the semiconductor
chips 932, 934 may further include traces 938, 940 which extend
along front faces of the first semiconductor chip 932 and the
second semiconductor chips 934, respectively. As further shown in
Fig. 12, the front faces 942 of the second semiconductor chips
may face upwardly away from the substrate 602 or downwardly
towards the substrate 602. Once again, as in the above-described
structures (Figs. 10-11A) TSVs within the first semiconductor
chip 932 may extend partially or completely through a thickness
of the first semiconductor chip 932, or some of the TSVs in the
first semiconductor chip 932 may extend partially through its
thickness while others of the TSVs extend completely through the
thickness of the first semiconductor chip 932.

[0122] Fig. 13A illustrates a microelectronic package
according to yet another variation of the embodiment described
above relative to Fig. 10, in which a second semiconductor chip
954 has contacts 946 facing corresponding contacts 948 on a face
950 of the first semiconductor chip 952, the contacts 946, 948
being joined together such as through a metal, bond metal or
other electrically conductive material, so as to form a flip-chip
connection between the first and second semiconductor chips 952,
954.

[0123] FIG. 13B illustrates a variation of the microelectronic
package shown in FIG. 13A. Unlike the package shown in FIG. 13A,
semiconductor chip 964, which can be configured to regenerate or
at least partially decode address information or other
information, e.g., regenerate signals for transfer to other
semiconductor chips in the package, is not located adjacent to
the first surface 108 of the substrate 902. Rather, in this

case, the semiconductor chip 964 can be disposed at a position

_40_



WO 2013/052345 PCT/US2012/057554

within the package that overlies one or more other semiconductor
chips. For example, as shown in FIG. 13B, the chip 964 at least
partially overlies the semiconductor chip 962 that 1is disposed
adjacent to the first surface 108 of the substrate 902 and at
least partially overlies semiconductor chips 963A and 963B which
are disposed atop semiconductor chip 962 or otherwise at least
partially overlie semiconductor chip 962.

[0124] In one example, the semiconductor chips 962, 9634, and
963B may include memory storage arrays. As in the examples
described above, such chips 962, 963A, and 963B may each
incorporate circuits configured to buffer, e.g., temporarily
store, data that is to be written to such chip, or data that is
being read from such chip, or both. Alternatively, the chips
962, 963A, and 963B may be more limited in function and may need
to be wused together with at least one other chip that 1is
configured to temporarily store data that is to be written to
such chip or data that is being read from such chip, or both.
[0125] The semiconductor chip 964 can be electrically
connected to terminals of the microelectronic package, e.g., to
grids in which the first terminals 904 and the second terminals
906 are disposed, through electrically conductive structure,
e.g., TSVs 972a and 972b (collectively TSVs 972), that connect to
contacts exposed at the first surface 108 of the substrate 902.
The electrically conductive structure, e.g., the TSVs 972, can
electrically connect to the semiconductor chip 964 through
contacts 938 on the chip 964 and through conductors (not shown)
that extend along the face 943 of the chip 964, or along a
confronting face 931 of the chip 963A, or along the faces 931,
943 of both of the chips 963A, 964. As indicated above, the
semiconductor chip 964 may be configured to regenerate or at
least partially decode signals or information that it receives
through the conductive structure, e.g., the TSVs 972 such as TSVs
972a and 972b, and it may be configured to transfer the
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regenerated or at least partially decoded signals or information
to other chips within the package such as to the chips 962, 9634,
and 963B.

[0126] As further seen in FIG. 13B, the semiconductor chips
962, 963A, and 963B can be electrically connected to the
semiconductor chip 964 and to one another by a plurality of
through-silicon wvias ("TSvs") 972, 974, and 976 that can extend
through one, two, or three or more of such chips. Each such TSV
may electrically connect with wiring within the package, e.g.,
conductive pads or traces of two or more of the semiconductor
chips 962, 963A, 963B, and 964. 1In a particular example, signals
or information can be transferred from the substrate 902 to the
chip 964 along a first subset of TSVs 972A, and signals or
information can be transferred from the chip 964 to the substrate
along a second subset of TSVs 972B. In one embodiment, at least
a portion of the TSVs 972 can be configured to have signals or
information be transferred in either direction between the chip
964 and the substrate 902, depending on the particular signals or
information. In one example (not shown), through silicon wvias
may extend through the thicknesses of all semiconductor chips
962, 963A, and 963B, even though each through silicon via may not
electrically connect with each such semiconductor chip through
which it extends.

[0127] As further seen in FIG. 13B, a heat sink or heat
spreader 968, which may include a plurality of fins 971, can be
thermally coupled to a face of the semiconductor chip 964, e.g.,
a rear face 933 thereof, such as through a thermally conductive
material 969 such as thermal adhesive, thermally conductive
grease, or solder, among others.

[0128] The microelectronic assembly 995 shown in FIG. 13B may
be configured to operate as a memory module capable of
transferring a designated number of data bits per cycle onto or

off of the microelectronic package through the first and second
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terminals provided therefor on the substrate. For example, the
microelectronic assembly may be configured to transfer a number
of data bits such as thirty-two data bits, sixty-four data bits,
or ninety-six data bits, among other possible configurations, to
or from an external component such as a circuit panel that can be
electrically connected with the first terminals 904 and second
terminals 906. In another example, when the bits transferred to
and from the package include error correction code bits, the
number of bits transferred per cycle to or from the package may
be a different number such as thirty-six bits, seventy-two bits,
or one-hundred-eight bits, for example. Other data widths are
possible other than those that are specifically described here.
[0129] Figs. 14, 15A and 15B illustrate a microelectronic
package 1100 according to a further variation of one or more of
the above-described embodiments. As seen in Fig. 14, the package
1100 includes first and second microelectronic elements 1130,
1131, each of which has contacts 1138 facing and Jjoined to
corresponding substrate contacts 1140 on a first surface 1120 of
the substrate 1102. In turn, some of the substrate contacts 1140
are electrically connected with first terminals 1142 in a central
region 1112 of the second surface 1110, such as through
electrically conductive traces 1144. In some embodiments, some of
the substrate contacts 1138 may instead be electrically connected
with second terminals 1162 in one or more peripheral regions 1164
of the second surface.

[0130] This and other embodiments incorporate more than one
microelectronic element therein as described above. A multiple
chip package can reduce the amount of area or space required to
connect the chips therein to a circuit panel, e.g., printed
wiring board to which the package may be electrically and
mechanically connected through an array of terminals, such as a
ball grid array, land grid array or pin grid array, among others.

Such connection space 1is particularly limited in small or
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portable computing devices, e.g., handheld devices such as
"smartphones" or tablets that typically combine the function of
personal computers with wireless connectivity to the broader
world. Multi-chip packages can be particularly useful for making
large amounts of relatively inexpensive memory available to a
system, such as, for example, advanced high performance dynamic
random access memory ("DRAM") chips, e.g., 1in DDR3 type DRAM
chips and its follow-ons.

[0131] In certain cases, the amount of area of the circuit
panel needed to connect the multi-chip package thereto can be
reduced by providing common terminals on the package through
which at least some signals travel on their way to or from two or
more chips within the package. Thus, in the example illustrated
in Figs. 14 and 15A-B, corresponding contacts of multiple chips
within the package can be electrically connected with a single
common terminal of the package configured to connect with a
component external to the package, such as a circuit panel, e.g.,
printed circuit board, external microelectronic element, or other
component.

[0132] As in the above-described embodiments, the central
region 1112 of the substrate surface 1110 has a width 1154 that
is not greater than three and one-half times a minimum pitch 1152
between any two adjacent columns of terminals 1142 on the
package, where each of the two adjacent columns has a plurality
of terminals therein.

[0133] An axial plane 1150 extending in a direction orthogonal
to the faces of the microelectronic elements extends in the same
first direction in which each column containing a plurality of
element contacts extends and is centered among all the columns
1138 of the element contacts of the first and second
microelectronic elements 1130, 1131. The axial plane intersects
(extends through) the central region of the substrate in a

direction normal to the surface 1110. In one example, the axial
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plane may intersect the substrate along a line centered between
adjacent edges 1134, 1135 of the microelectronic elements 1130,
1131. Referring to Figs. 15A and 15B, one or more columns of
first terminals 1142 can be disposed in a portion of the central
region aligned with an area of the package between adjacent edges
1134, 1135 of the first and second microelectronic elements as
shown therein, or although not shown, one or more of the columns
of first terminals 1142 can overlie one or more of the faces 1136
of the first and second microelectronic elements 1130, 1131. As
in the above-described embodiments, there need not be more than a
single column 1142 of terminals in the central region.
Typically, there will be no more than four columns 1142 of
terminals in the central region. As further shown in Fig. 14, the
faces 1136 of the first and second microelectronic elements can
extend within a single plane 1146 parallel to the first surface
1120 of the substrate 1102.

[0134] Figs. 16A-16B illustrate a microelectronic package 1200
according to a variation of the embodiment seen in Figs. 14, 15A-
B which, in addition to first and second microelectronic elements
1230, 1231 having the same arrangement and electrical
interconnections within the package 1200 as discussed above
regarding microelectronic package 1100 (Figs. 14, 15A-B), further
includes third and fourth microelectronic elements 1233 and 1235.
The third and fourth microelectronic elements may each embody a
greater number of active devices to provide memory storage array
function than any other function. Like the first and second
microelectronic elements, the third and fourth microelectronic
elements 1233 and 1235 are electrically interconnected with
terminals 1242 of the package through element contacts 1238 which
face corresponding substrate contacts on a first surface 1120
(Fig. 14) of the substrate and are joined thereto, such as in the
flip-chip manner described in the foregoing with reference to

Fig. 15A.
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[0135] The first terminals 1243 of the microelectronic package
can be disposed within columns 1242 in a central region 1254
having width no greater than three and one-half times the minimum
pitch between columns of terminals, as described above. As
further shown in Fig. 16A, the axial plane 1250 can be parallel
to and centered among all the columns 1238 of element contacts on
the faces 1236 of the first, second, third and fourth
microelectronic elements within the package 1200. In the example
as shown in Fig. 16A, the axial plane 1250 extends in a first
direction parallel to a direction in which the columns 1242
containing first terminals extend.

[0136] In like manner to that described above relative to
Figs. 14, 15A-B, the faces 1236 of the microelectronic elements
1230, 1231, 1233 and 1235 can be arranged within the package 1200
such that all of the faces 1236 are co-planar, 1i.e., extend
within a single plane, 1i.e., such as a single plane 1146 as
illustrated in Fig. 14.

[0137] Fig. 16B 1illustrates a possible signal assignment of
terminals on the package 1200 in which first terminals are
disposed within one or more columns 1242 in the central region
and second terminals 1244 are disposed at positions within
multiple areas near peripheral edges 1260, 1261, 1262 and 1263 of
the package. 1In this case, some second terminals can be disposed
at positions within a grid such as grid 1270, and some second
terminals can be disposed at positions within a grid such as grid
1272. In addition, some second terminals can be disposed at
positions within a grid such as grid 1274, and some second
terminals can be disposed at positions within a grid 1276.

[0138] Also, as shown 1in FIG. 16B, the signal class
assignments of the second terminals in grid 1274 can be symmetric
about the vertical axis 1250, and the signal class assignments of
the second terminals in grid 1276 can be symmetric about the

vertical axis 1250. As used herein, two signal class assignments
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can be symmetric with respect to one another 1if the signal
assignments are 1in the same class of assignments, even 1f the
numerical index within the class differs. Exemplary signal class
assignments can include data signals, data strobe signals, data
strobe complement signals, and data mask signals. In a
particular example, 1in grid 1274, the second terminals having
signal assignments DQSH# and DQSL# are symmetric about the
vertical axis 1250 with respect to their signal class assignment,
which 1s data strobe complement, even though those second
terminals have different signal assignments.

[0139] As further shown in FIG. 16B, the assignments of the
data signals to the spatial positions of the second terminals on
the microelectronic package, such as for data signals DQO, DQ1,

, for example, can have modulo-X symmetry about the vertical
axis 1250. The modulo-X symmetry can help preserve signal
integrity in an assembly 300 or 354 such as seen in Figs. 7C and
7D, in which one or more pairs of first and second packages are
mounted opposite one another to a circuit panel, and the circuit
panel electrically connects corresponding pairs of second
terminals of those first and second packages in each oppositely
mounted package pair. When the signal assignments of terminals
have "modulo-X symmetry" about an axis, terminals that carry
signals which have the same number "modulo-X" are disposed at
positions which are symmetric about the axis. Thus, in such
assembly 300 or 354 such as in Figs. 7C, 7D, modulo-X symmetry
can permit electrical connections to be made through the circuit
panel so that a terminal DQO of a first package can be
electrically connected through the circuit panel to a terminal
DQ8 of the second package which has the same number modulo X (X
being 8 in this case), so that the connection can be made in a
direction essentially straight through, i.e., normal to, the

thickness of the circuit panel.
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[0140] In one example, "X" can be a number 2n (2 to the power
of n), wherein n is greater than or egqual to 2, or X can be 8 x
N, N being two or more. Thus, in one example, X may be equal to
the number of bits in a half-byte (4 bits), byte (8 bits),
multiple bytes (8 x N, N being two or more), a word (32 bits) or
multiple words. In such way, 1n one example, when there 1is
modulo—-8 symmetry as shown in Fig. 16B, the signal assignment of
a package terminal DQO in grid 1274 configured to carry data
signal DQO is modulo-8 symmetric about the vertical axis 1250
with the signal assignment of another package terminal DQ8
configured to carry data signal DQ8. Moreover, the same is true
for the signal assignments of package terminals DQO0 and DQ8 in
grid 1276. As further seen in FIG. 16B, the signal assignments of
package terminals DQ2 and DQ10 in grid 1274 have modulo-38
symmetry about the vertical axis, and the same is also true for
package terminals in grid 1276. Modulo—-8 symmetry such as
described herein can be seen in grids 1274, 1276 with respect to
each of the signal assignments of package terminals DQO through
DQ15.

[0141] It is important to note that, although not shown, the
modulo number "X" can be a number other than 2n (2 to the power
of n) and can be any number greater than two. Thus, the modulo
number X upon which the symmetry is based can depend upon how
many bits are present in a data size for which the package 1is
constructed or configured. For example, when the data size is 10
bits instead of 8, then the signal assignments may have modulo-10
symmetry. It may even be the case that when the data size has an
odd number of bits, the modulo number X can have such number.
[0142] Figs. 17A-17B illustrate a microelectronic package 1300
according to a variation of the embodiment 1200 described above
relative to Figs. 16A and 16B, the package 1300 having a
substrate surface 1310 having a central region 1312 in which

columns 1341 containing first terminals are disposed. As seen
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therein, first and second microelectronic elements 1330, 1331 are
arranged on substrate 1302 in a manner similar to the arrangement
of microelectronic elements 1130, 1131 of microelectronic package
1100 (Figs. 14, 15A-B), in that the element contacts on these
microelectronic elements are disposed at positions within columns
1338 which extend in the same first direction 1342. However, as
seen in Fig. 17A, third and fourth microelectronic elements 1332
and 1333 have element contacts which are disposed at positions
within columns 1340 which extend along the faces of the
microelectronic elements 1332, 1333 in another direction 1344
transverse to the first direction 1342. Typically, the other
direction 1344 is perpendicular to the first direction 1342.

[0143] As further seen in Figs. 17A-178B, each of the
microelectronic elements 1330, 1331, 1332, and 1333 typically has
two first parallel edges 1360 which extend in the same direction
as the one or more columns of contacts on the respective
microelectronic element, and two second parallel edges 1362 which
extend in a direction transverse to the direction in which the
first edges extend. In some cases, the first edges 1360 of a
respective microelectronic element can have greater length than
the second edges 1362 of such microelectronic element. However,
in other cases, the second edges 1362 can have greater length
than the first edges 1360. In the particular package seen in
Fig. 177, a plane 1370 that contains either first edge 1360 of at
least one of the microelectronic elements 1330, 1331, 1332, or
1333 and which is normal to the face of such microelectronic
element intersects the edge 1360 of another microelectronic
element within the package 1300. As shown in Fig. 17A, the plane
1370 that contains the edge 1360 of microelectronic element 1333
extends in direction 1344 and intersects the edge 1360 of
microelectronic element 1330 within the package. In the example
shown in Fig. 177, the plane 1370 intersects the edge 1360 of

only one other microelectronic element within the package. The
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microelectronic elements can be arranged such that a plane 1370
that contains a first edge 1360 of any of the microelectronic
elements 1330, 1331, 1332, or 1333 and which is normal to the
face of such microelectronic element intersects the edge 1360 of
another microelectronic element within the package 1300.

[0144] In addition, as further seen in Fig. 17A, the central
region 1312 can be further limited. Specifically, Fig. 17A shows
that there is a minimum rectangular area 1372 on the surface 1302
of the substrate 1302 which will accommodate the microelectronic
elements 1330, 1331, 1332, 1333 as disposed on the substrate
surface 1302, and beyond which none of the faces of the first,
second, third and fourth microelectronic elements 1330, 1331,
1332 and 1333 extend. In the microelectronic package 1300
depicted 1in Figs. 17A-17B, the central region 1312 does not
extend beyond any edge of that rectangular area 1372. Fig. 17B
further illustrates a possible arrangement of terminals within
microelectronic package 1300 in which first terminals 1341 are
disposed within the central region 1312 which spans a width in a
direction between, i.e., orthogonal to opposed edges 1316, 1318
of the package that is no greater than three and one-half times
the minimum pitch between the closest two adjacent columns of
terminals on the package. Peripheral regions take up the
remaining area of the surface 1310 of the substrate 1302,
spanning widths 1356, 1357 between edges of the central region
and the opposed edges 1316, 1318 of the package, respectively.
[0145] Fig. 18A illustrates a microelectronic package 1400
according to a variation of one or more of the above-described
embodiments. In this case, the substrate can be omitted, such
that the microelectronic package 1400 can be 1in form of a
microelectronic element 1430 having packaging structure which
includes an electrically conductive redistribution layer
overlying the front face 1428 of the microelectronic element

1430. The redistribution layer has electrically conductive
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metallized vias 1440 extending through a dielectric layer 1442 of
the package to contacts 1438 of the microelectronic element. The
redistribution layer may include terminals 1446 and traces 1448
electrically connected with the terminals 1446, such that the
terminals are electrically connected with the contacts 1438, such
as through the metallized wvias 1440 or through metallized vias
1440 and electrically conductive traces 1448. 1In this case, the
package can be referred to as a "wafer-level package having a
redistribution layer thereon."

[0146] Fig. 18B illustrates a microelectronic package 1410
similar to the microelectronic package 1400, with the exception
that one or more columns 1450 of second terminals can be disposed
on areas of the dielectric layer 1442 which extend beyond one or
more edges 1432, 1434 of the microelectronic element 1430. In
this case, the package 1410 can be referred to as a "fan-out
wafer—-level package having a redistribution layer thereon.”
[0147] Each of the wvariations and embodiments described above
can be applied as well to the packages shown in Fig. 18A or Fig.
18B, and the above-described assembly shown and described above
relative to Fig. 7C can incorporate the microelectronic packages
shown in Fig. 18A or 18B.

[0148] The structures discussed above can be utilized in
construction of diverse electronic systems. For example, as
shown in Fig. 19 a system 1500 in accordance with a further
embodiment of the invention includes a microelectronic package or
structure 1506 as described above 1in conjunction with other
electronic components 1508 and 1510. In the example depicted,
component 1508 can be a semiconductor chip or microelectronic
package whereas component 1510 is a display screen, but any other
components can be used. Of course, although only two additional
components are depicted in Fig. 19 for clarity of illustration,
the system may include any number of such components. The

structure 1506 as described above may be, for example, a
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microelectronic package as discussed above in connection with any
of the above-described embodiments. In a further wvariant, more
than one package may be provided, and any number of such packages
can be used. Package 1506 and components 1508 and 1510 are
mounted in a common housing 1501, schematically depicted in
broken 1lines, and are electrically interconnected with one
another as necessary to form the desired circuit. In the
exemplary system shown, the system includes a circuit panel 1502
such as a flexible printed circuit panel or circuit board, and
the circuit panel includes numerous conductors 1504, of which
only one 1s depicted in Fig. 19, interconnecting the components
with one another. However, this 1is merely exemplary; any
suitable structure for making electrical connections can be used.
The housing 1501 1is depicted as a portable housing of the type
usable, for example, in a cellular telephone or personal digital
assistant, and screen 1510 1is exposed at the surface of the
housing. Where structure 1506 includes a light-sensitive element
such as an imaging chip, a lens 1511 or other optical device also
may be provided for routing light to the structure. Again, the
simplified system shown in Fig. 19 1s merely exemplary; other
systems, including systems commonly regarded as fixed structures,
such as desktop computers, routers and the like can be made using
the structures discussed above.

[0149] Various features of the above-described embodiments of
the invention can be combined in ways other than as specifically
described above without departing from the scope or spirit of the
invention. It is intended for the present disclosure to cover all
such combinations and variations of embodiments of the invention

described above.
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CLAIMS
What is claimed is:

1. A microelectronic package, comprising:

a microelectronic element having memory sStorage array
function , the microelectronic element having one or more columns
of element contacts each column extending in a first direction
along a face of the microelectronic element, such that an axial
plane normal to the face of the microelectronic element
intersects the face of the microelectronic element along a line
extending in the first direction and is centered relative to the
one or more columns of element contacts;

a substrate having first and second opposed surfaces and a
plurality of substrate contacts exposed at the first surface
facing the element contacts and joined thereto;

a plurality of parallel columns of terminals extending in
the first direction and exposed at the second surface of the
substrate, the terminals electrically connected with the
substrate contacts and configured to connect the microelectronic
package with a component external to the microelectronic package,

the terminals including first terminals exposed in a
central region of the second surface of the substrate, the first
terminals being configured to carry address information usable by
circuitry within the package to determine an addressable memory
location from among all the available addressable memory
locations of a memory storage array within the microelectronic
element, and

wherein the central region has a width in a second direction
along the second surface of the substrate transverse to the first
direction, the width of the central region not more than three
and one-half times a minimum pitch between any two adjacent
columns of the parallel columns of the terminals, and the axial

plane intersects the central region.
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2. The microelectronic package as claimed in claim 1,
wherein the microelectronic element embodies a greater number of
active devices to provide memory storage array function than any
other function.

3. The microelectronic package as claimed in claim 1,
wherein the first terminals are configured to carry all of the
address information usable by the circuitry within the package to
determine the addressable memory location.

4., The microelectronic package as claimed in <c¢laim 1,
wherein the first terminals are configured to carry information
that controls an operating mode of the microelectronic element.

5. The microelectronic package as claimed in claim 4,
wherein the first terminals are configured to carry all of the
command signals transferred to the microelectronic package, the
command signals being write enable, row address strobe, and
column address strobe signals.

6. The microelectronic package as claimed in claim 1,
wherein the first terminals are configured to carry clock signals
transferred to the microelectronic package, the microelectronic
package being configured to use the clock signals to sample
signals received at the terminals which <carry the address
information.

7. The microelectronic package as claimed in c¢laim 1,
wherein the first terminals are configured to carry all of the
bank address signals transferred to the microelectronic package.

8. The microelectronic package as claimed in c¢laim 1,
wherein the first terminals are disposed within no more than two
of the columns of terminals.

9. The microelectronic package as claimed in c¢laim 1,
wherein the first terminals are disposed within a single one of
the columns of terminals.

10. The microelectronic package as claimed in c¢laim 9,

wherein the element contacts which are connected to the first
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terminals are disposed within a single column of element

contacts.

11. The microelectronic package as claimed in claim 1,
wherein the element contacts include redistribution contacts
exposed at the front face of the microelectronic element, each
redistribution contact being electrically connected with a
contact pad of the microelectronic element through at least one
of a trace or a via, at least some of the redistribution contacts
being displaced from the element contacts 1in at least one
direction along the face of the microelectronic element.

12. The microelectronic package as claimed in claim 1,
wherein the substrate has first and second opposed edges each
extending between the first and second opposed surfaces, the
first and second edges extending in the first direction, the
second surface having first and second peripheral regions
adjacent to the first and second edges, respectively, wherein the
central region separates the first and second peripheral regions,

the terminals including a plurality of second terminals
exposed at the second surface in at least one of the peripheral
regions, at least some of the second terminals configured to
carry information other than the address information.

13. A microelectronic package as claimed in claim 12,
wherein at least some of the second terminals are configured to

carry data signals.

14. The microelectronic package as claimed in claim 1,
wherein the microelectronic element includes a first
semiconductor chip having contacts thereon Jjoined to the
substrate contacts and at least one second semiconductor chip
overlying a face of the first semiconductor chip remote from the
first surface of the substrate and electrically interconnected
with the first semiconductor chip.

15. The microelectronic package as claimed in claim 14,

wherein the first chip is configured to receive at least some of
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the address information from the first terminals and to
regenerate the at least some address information for transfer to
the at least one second chip, and the at least one second chip
embodies a greater number of active devices to provide memory
storage array function than any other function.

16. The microelectronic package as claimed in claim 14,
wherein the first terminals are configured to carry information
that controls an operating mode of the microelectronic element,
and the first chip is configured to at least one of regenerate or
at least partially decode the information that controls the
operating mode.

17. The microelectronic package as claimed in claim 15,
wherein the first chip includes a plurality of
through-silicon-vias electrically connecting the at least one
second chip with the first chip.

18. The microelectronic package as claimed in claim 15,
wherein at least some of the electrical interconnections between
the first chip and the at least one second chip are through wire
bonds.

19. The microelectronic package as claimed in claim 15,
wherein the at least one second chip is electrically
interconnected with the first chip through a flip-chip electrical
interconnection of second contacts exposed at a surface of the
second chip facing and joined with first contacts exposed at a
surface of the first chip, the surface of the first chip facing
away from the first surface of the substrate.

20. The microelectronic package as claimed in c¢laim 19,
wherein the first chip is configured to buffer at least some of
the address information received at the first terminals for
transfer to each second chip, and each second chip 1s not
configured to buffer the address information for transfer to

another chip of the first and second chips.
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21. The microelectronic package as claimed in c¢laim 19,
wherein the first chip is configured to at least partially decode
the address information received at the first terminals for
transfer to each second chip, and each second chip 1s not
configured to fully decode the address information.

22. The microelectronic package as claimed in c¢laim 21,
wherein the second semiconductor chip is a plurality of stacked

second semiconductor chips.

23. The microelectronic package as claimed in claim 14,
wherein at least some of the chips of the first chip and the at
least one second chip are electrically connected with one another

by a plurality of through-silicon vias.

24, The microelectronic package as claimed in claim 14,
wherein at least one of the at least one second chip is
configured to at 1least one of: partially or fully decode
information received at a contact thereof, or regenerate
information received at the contact thereof for transfer to at
least one of the first chip or to another of the at least one
second chip.

25. The microelectronic package as described in claim 14,
wherein at least some of the electrical interconnections between
the first and second chips are through electrically conductive
traces extending along at least one edge of the microelectronic
element.

26. The microelectronic package as claimed in claim 14,
wherein at least some of the electrical interconnections between
the first and second chips are through wire bonds, a face of the
at least one second chip faces away from the first chip, and at
least some of the wire bonds connect the first chip with contacts
exposed at the face of the at least one second chip.

27. The microelectronic package as claimed in c¢laim 26,
wherein at least some of the electrical interconnections between

the first and second chips are through wire bonds, a face of the
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at least one second chip faces toward the first chip, and at
least some of the wire bonds connect the first chip with contacts
exposed at the face of the at least one second chip.

28. The microelectronic package as claimed in claim 14,
wherein at least one of the first chip or the at least one second
chip includes a dynamic random access memory ("DRAM") storage
array.

29. The microelectronic package as claimed in claim 14,
wherein at least one of the first chip or the at least one second
chip is implemented in a NAND flash, RRAM (resistive RAM), static
random access memory (SRAM), PCM (phase-change memory), MRAM
(magnetic random access memory) , spin-torgue RAM, or
content-addressable memory technology.

30. A microelectronic package, comprising:

a microelectronic element having memory storage array
function, the microelectronic element having one or more columns
of element contacts each column extending in a first direction
along a face of the microelectronic element, such that an axial
plane normal to the face of the microelectronic element
intersects the face of the microelectronic element along a line
extending in the first direction and is centered relative to the
one or more columns of element contacts;

a substrate having first and second opposed surfaces and
a plurality of substrate contacts exposed at the first surface
facing the element contacts and joined thereto;

a plurality of parallel columns of terminals exposed at
the second surface of the substrate and extending in the first
direction, the terminals electrically connected with  the
substrate contacts and configured to connect the microelectronic
package with a component external to the microelectronic package,

the terminals including first terminals exposed in a
central region of the second surface of the substrate, the first

terminals being configured to carry a majority of the address
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information usable by circuitry within the package to determine
an addressable memory location from among all the available
addressable memory locations of a memory storage array of the
microelectronic element, and
wherein the central region has a width 1in a second
direction along the second surface of the substrate transverse to
the first direction, the width of the central region not more
than three and one-half times a minimum pitch between any two
adjacent columns of the parallel columns of the terminals, and
the axial plane intersects the central region.
31. The microelectronic package as claimed in claim 30,
wherein the first terminals are configured to carry at least
three quarters of the address information usable by the circuitry

within the package to determine the addressable memory location.

_59_



WO 2013/052345 PCT/US2012/057554

1/21
iz
32 1
16 ’ 28
26 22
_ 20
5@6\\ \./ \18
14 14 14 24 30 18
PRIOR ART
FIG. 1




WO 2013/052345

2121

PCT/US2012/057554

| 12A

12B

FIG. 3



PCT/US2012/057554

WO 2013/052345

3121

12A

16
14

(AN}
\[ccocooe0s000}Y
OOQQO®QQQOOHWV
00080000001

o
o™

|

OO0 @ O0000 OO§OOOOOOOOT//

\

OO0O0OO0OOO0

/

SXONORCLORCHCLONOVONOT =g
OOO@Q®®oeo@HNM

OQOOO@O@OOO‘/

ﬁ\\)
@0 <
o~

el

Wooooooooof/s
000000000 Q0| oooooooo/,%

FIG. 4



WO 2013/052345 PCT/US2012/057554

4121

104A 104B

\ / / 1068

| |
: :
X o\ [ / 110
| |
_|voo|vop| _ . /
| DQ1S CK | cks DQ14 | A
| DQ13 RAS | cAS D12 |
i | oo T DQ10
oA | A0 | WE I '6A
T pQ9 I---[ats|BA2}--1 D@8 fA-1---
| [ past BAD | A12 pasH#| |
| | bwH BAT| AQ DML T II T 106
A | |psast A3 | A1 DQSL# |
116 | | pa A4 | A2 006 | | [ N11e
| | pos A5 | ATt pad | |
| [Toas J1oa | A6 | A9 paz | |
!_ DQ1 AT | A4 pao | |
I | A8 [A13 T T -
| |
[ 1y N BN
112
140
100- 136 / 132
N\ ) 130
A
{
Nl s Pl
oy y l 33 | /’\“
\ 120
s/ sz § NN ’/"d-:\\\\\\ i‘! Q \
ST, D T~
110 N \\ s \\\ -y
106 /j
106A~ 104A 104 112
154A 1548

1048
FIG. 6A



WO 2013/052345 PCT/US2012/057554

152 4048
; /
I o ToE o 0
e | v of 6% o _tre
| Ol omo o -2
I O CDEOE O
I O 0@ O |
O QEQ O
1 OF OgO® 10 118
116" | ' Of Ou® O |
Of 0o o
I O Opd O
l_Q_ 0o o ! | o
! O
L Q\ :
12—/ 1 1Noa0 1424 143
FIG. 7B
240 144 140 132 192
230\ T 192 I T;// Z//'\
; O m) ng
E] t|o o0 O 40
o {={=
[
g = 1 134
0 O;
o d = [ \-148
0 146 L
| O:0
n o \0i0
y i - N



PCT/US2012/057554

WO 2013/052345

6/21

143

142

183

140
338

330

148

!

i
i

L

!
Foimmn
£

H
i
\

i

T |

Yo sg
s & i

s

-

%

&

sss\i
anand

L

AARAARARARARAARALALS

e
———
- =~

\\\E &

§ r

Covrnk

§

i

i

i

Knnd
v
SN

;
£y U i T il I e T il

A Leod bewd Loud Lud B

oy genn gy ey gy e

sy

\\W
JI.

fee

s

NCA
i

Saataasasasaanasaaaes

i
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:

T—

bt el

R

]

H
H 2
po—

&~

/ 332

151

137

14511}
147_/

146

135-//

FiG. 6C



WO 2013/052345 PCT/US2012/057554

7121
300
104-1 104-2
105
i . A N K/“tOGA
| i | 360
[T T
356 > < 350
A s
312 310- D, = S
354 o g w— a2
- 352
rd kY | 362
[l i \l
7 Sem N\
FIG. 7C
324

142




WO 2013/052345

404C
404A . 404B

404D

! !

| |

| |

IS R S B L
|| bQis : : D4 ||
|| pata | DQ12 ||
[t || v |VOBIVOD | Mpato |}
| s A3 | AT CK [CKB| oag 1
| o A | A2 [RAS|CAS | [oee |
| ——1 [ [t we | 1
| S A6 | A9 | A15 | BAZ 5 |
: 7 A7 | A14 | BAG | A12 % |
28 | A13 a1 A0 |
I| pas DQ4 |

| |
: DO3 | | V[ ooz |
DQt J'_ _:_ pao |l

| |

| |

|/ !

] ]

|

PCT/US2012/057554




WO 2013/052345 PCT/US2012/057554

9/21

192
Law]

552

@I j
b=

o e e - e e o e s e = oy

T TTIo 0
o O 100!
O O 00,
B—— ot ——f —S—— O — —iOD+ — — - — — 98
0 o 8o R
5167 O © 00, c18
S O HOROY
' O O OROR
O O 100,
1 O O O O
A N P OE O __iQOo) T sus

i
SC/AD

\i
I
!
|
-t
-
/

505 9556

FIG. A

S06C

N
504 \

FIG. 9B S00A

506A




PCT/US2012/057554

WO 2013/052345

10721

500

34

Lo

530

D00 DODN NOD OO0 OO DO 00D O0ON OGN NONW

DON NN

" YA \* YL YA W

4
[}
o

538A

gy,

m “ W Yonnarpiitadd

(R R

¥

YR VAR R

P

s

L

538B

i,

L

e

[

Cy

)

N AN AW

[

FIG. 9C



WO 2013/052345

117121

PCT/US2012/057554

L3
e

FranannanaNaNy

[6)]
B~

3

830<

ARRRRRRR

ATRRRRRRRRRRRRRRRRY

[w)]
B~

3

SRR

FRRRRRRRRRRR

*
656
¥
7§
652
¥

NN

854\, %\

SRRRRRRRRRRRRY

————

]
o
sy
PP

2
e

s

K

=
&
3
b

s

FEG. 10

et

731

~
Lo

/

702

o
Y SN
= sy
731 734 |
A £34 %
N N
RN S,
O S
\ S\
<
s\\\\\\ 8 \\\
N §
: £34 1}
N N
\\ R —— \\\\\\\\\\\\\\\\\\\\\\\\\\\\“ ¢
;\\‘\“\\\\Q \\\\\\\\\\\\\\\\\\k\\ RN \\\\\\\\\\\
3 X N
N N N
N ] R N
N N N §
\\\\\\\\\\\\\w \\\\\\&\\\\ﬁ ]
’ N N
$3 §}
3 3 % N
& \“
§ 3 3
p N \\\w\\“
~
FIG. 11A
§
N
] 834
N
%
DN
TR 2
1,831
8317 1 1\ 834 |
% \t\t\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\(\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
¥ 83 N
¥ 33 N
N — 832,
= §(841 6836 \
NN
N 3
N e A A R
/ § 3 §§ “‘“‘“‘“\\Q\\\\\\\\\\\ \\\\ \\\\\\\\\\\\\\\\\\\\\\\ \\&
836 Ny R A
\\ %

0
[ow]

—838

s'~‘

3 \ \\\\

\\\\\\\“ \\\\\“
FIG. 11B

s
%,

%
Wert?

640

802



WO 2013/052345 PCT/US2012/057554

12/21

940

K \\\\\{&\ QU

A

934 T o4

940 934 1
630< \S——— \ 936
942 934

HO000ORANRRS RN

932

AR AR,

Vi N N N
\\\\\\\\\\ @\\\\\\\
YV & )

s oo™

938
FIG. 12 602

ey
s
sy

it

7

. 950
[

— 946 } 954
Raavagnpasa Roaanaansan
N 948 / 3

TN 952

3}
I3
3
3
N P N
x
\\\‘\\\\\\\\\ RN
& N :
N 3 3 N
SNaasd® Sy

FIG. 13A



WO 2013/052345 PCT/US2012/057554

13/21
985
971
968
931\ 943 A 964
976\M/:w; | o63B
er2B 1L 1 \ AMH— __983A
| |\\ /h\qgsz

|\ &u \ \902
804 a4
806 a72A 006

FIG. 13B



WO 2013/052345 PCT/US2012/057554

1138 136 1100
1130 1136 . 1138 S
N L e R
: 1146
N : N P
ﬁ‘ﬁ)_ﬁ S | #} M. 1120
T ii e —— Fﬁ'i—Ae\\
OO0 T " yPO T 7 OO0 ;e
1162 1140 1144 1112 1140
' 1164 1162
116s 1142
FIG. 14
1134 t2
| 1154 | 1135
I —
b | /
| |
| |
_|vbp{vop|
Ir oai [ oats | {1 Toxoxg| ! [] 0ats [ pat T
DQ12 | DQ13 rAS lcas| 1/ | pa3 | paz Lb-T1462
I
([ oato [oart | | [aewe| / [ patt [ oam ||
|| bG8 | DQg : A15 | BA2 : pas | DQs :
| [DQSH#| DQSH | | [BAO|A12]| 1 | DQSH |DQSH# I
|{ omt | pwd : BAT| AD : DMH | DML |
| 'bast# | oast | | A3 | AT | |DosL|Dasi#| |
: Das | Da7 | | A4 | A2 || ba7 | Das |
|| D4 | DG5 | | A |A1T] | | pas | pad |1
PIREAES A8 A9l 1 [po3 | paz || \_1131
1130 || b | bar | | AT | Al4 L Dol | oo J'
A8 | A1
| |
l pd |
| |
| |
'/ FIG.15A '

1142



PCT/US2012/057554

WO 2013/052345

15/21

1152

1154

1142

I
QGOOOOCOOOOOO0L

oooooooooooob

| _u_u_u_u_u_u_u_u_u_u_u%t

- -=-=-=-== e |
_\L. ............ |
| < |
I e I
I |

I [
QOO O0QCOCOOCOOOOL

AOCOOOOO00O0O munuwu

e e o m -

\\\~1138

<

1150

1138"’//

1130~//f
1136 — |

FIG. 15B



PCT/US2012/057554

WO 2013/052345

16/21

1254

1212

o - <O L2 ©
1 & § & §
Iy e Y — —
I | 1 | 1
0 I 1] I pe
Y | 1] | A
OfffrDDDDDDDDDDD__DDDDDDDDDDDL\\\
L I | |
- | mw ] |
| o ] I
S WA W e e L-}-
| S |
e OO0 00000000 O —
OOOOOOOOOOOOO[ )
=== ====== === =======
........... m-------------------------------ﬂ.-----------------------------_-----
I 1] I
I 1] I
1 1 I
OooOoOOOoOOOO00,! ooooooooooo
\\\mw | | T—/.//
00 I 1 | ‘o
9 I 1] I &
= I 1] I =
_||N ||||| ) ||||_.|||N||||L|||_

1242

FIG. 16A



1272

1261

WO 2013/052345 1 7/21 PCT/US2012/057554
1350 1263
| f
|
DQ1T | Q3 | DOS | DG | BQSL | DMB |DQSH| DQ15 | BGE3 | DQ1T | BQA
/),-’ —
7T '
1276 p| DQG | DO2 | DO4 | DGE |DQSLE| DML |DOSHH DG4 | DQ12 | DQ10 | DOS :
§ I |
i ' i !
t | i :
§ VDD | VDD |
5| DQ15 | DQ14 cK |cks DQ14 | DQ1s
/| oas [oaiz RAS | CAS pQi2 | pa13
1270
Dait | DQ1o A0 | WE DQ10 | DQi
pas | DQs A15 | BA? DG8 | DQY
DQSH | DQSH# BAC | A12 DQSH# | DQSH
DMH | DML BAT | AU DML | DMH
DQSL | DQSt# | _ ___ Al ar |l DQSLE | bQsL
pQ7 | DQB [------1 A | A2 [ DQR6 | DQ7
pas | bo4 AS | A DQ4 | DQ5
1260 pQ3 | pQ AB | AS DQ? | DQ3
pQt | Dao A | A4 Dao | pad
; A8 | A13 ,
f T T |
; 1242 J: | ! |
f |
: DQG | DQ2 | DO4 | DQE |DQSLH| DML |DOSHH DG4 | DG12 | DOt | BQ8 ;
,—/‘} |
/ {_ PQ1 | DQ3 | DOS | DQ7 | DQSL | DMH |DGSH| DQ15 | DQ13 | DGY1 | DOS _f
1274 (’ |
E
Y, , \
1244 1262

FIG. 16B



~

1302

PCT/US2012/057554

1312
[
_j(_;_.x._

18/21

[om)
oy o o o - o
«©Q <t P o -
H ﬁ ﬁ_pr TJ - m
N , |
' /

-

WO 2013/052345

1342

!

1344

1330 —1

e%%f%nnnnuuun
1340 :
//fL
1362

17A

FIG.



PCT/US2012/057554

WO 2013/052345

19721

1357

1354

1356

1318

| e | g (73] 9]

& oo glogl|lol|l@|agl2(a|F|L|L|Z2 oo -
a1 [} o) [om T 000 T 090 T 00 a1
3|3 ala|A & s 218
o = Tlolelo |[BlolfHlel=lale = =
3 @] ===l o 3
o | o SlE(Ealg|la|lga|alal|s o | B
3k ™ 3B

|

=L i S B, +--_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, b .2
g | o gt e ————— = o | @
& & | & 2

TE —_——————— TE
I 2 | 2 T
513 : . g | &
e 212121121 2ga(=s=2|2 o o
- | S|S|S|F o< |<|F|<|<|=|=<]|= | =
z |2 = = | 2
— ~ B | ae LI It |w]|r~][x - -

~— | <1 <f] E

o i HD.V © m < |l |G || F || ||| < i o
w 175 T 175 [79]
219 _ g | &

S - _ [
) [{o] _ [{o] P
] G |[mm——_——————————— - &y =}
R R e s u‘.--““---; ...................... &-+-&

|
[}
3|8 L S 5|8
~ |ev | e i ‘ A

= s MEEEREEIEREEE -
g | @ CNS|L g | @
-~ [t ] [t ] =
o | & Clololo|EZ |zl |lw|o|= o | o
o | & S|s|a|le|lg|2l8|le|le|glo =3 W=

— _ _ | bl el Rl ™) Hlola [ I I o T Y o0 Y R0 | L _ -

1316

FIG. 17B



WO 2013/052345

PCT/US2012/057554

20/21
1430
1438 Y, 1400
g 7
F\I I/—\—/“ N
1428/ O t g 1442
1446
FIG. 18A
1432, 1430 1434 210




WO 2013/052345 PCT/US2012/057554

21/21

1511, 1596 1508 1510

P i, [ R




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/057554

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO1L23/498 HO1L25/065
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO1L

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

7 March 2002 (2002-03-07)
paragraphs [0126], [0096],
[0116],

X US 2002/027019 Al (HASHIMOTO NOBUAKI [JP])

[0170],
[0169]; figures 2,10,11

1,2,12,
30

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

17 January 2013

Date of mailing of the international search report

28/02/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Manook, Rhoda

Form PCT/ISA/210 (second sheet) (April 2005)




International application No.
INTERNATIONAL SEARCH REPORT PCT/US2012/057554
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)
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1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. IXI Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:
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3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).
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This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1, 2, 12, 30

The product features of independent product claims 1 and 30
are already known according to document US2001/027019 (D1)
which discloses: A microelectronic package (fig. 11),
comprising:a microelectronic element having memory storage
array function (10; par. 126; memory chip) , the
microelectronic element (10) having one or more columns of
element contacts (12) each column extending in a first
direction along a face of the microelectronic element (par.
96), such that an axial plane normal to the face of the
microelectronic element intersects the face of the
microelectronic element along a Tline extending in the first
direction and is centered relative to the one or more
columns of element contacts;

a substrate (20) having first and second opposed surfaces
and a plurality of substrate contacts (330) exposed at the
first surface facing the element contacts (12) and joined
thereto (14);

a plurality of parallel columns of terminals (350) extending
in the first direction and exposed at the second surface of
the substrate, the terminals electrically connected with the
substrate contacts and configured to connect (360) the
microelectronic package with a component external (1000) to
the microelectronic package (par. 170),

the terminals including first terminals (350) exposed in a
central region (figs. 2 and 11) of the second surface of the
substrate, and

wherein the central region has a width in a second direction
along the second surface of the substrate transverse to the
first direction, the width of the central region not more
than three and one-half times a minimum pitch between any
two adjacent columns of the parallel columns of the
terminals, and the axial plane intersects the central region
(figs. 2 and 11 and par. 116).

(c.f. claim 2):

With regards to claim 2, the special technical feature with
respect to the known claim 1 is the microelectronic element
embodies a greater number of active devices to provide
memory storage array function than any other function.

The problem to be solved by claim 2 is defining features of
the microelectronic element so that it can perform
additional tasks (see application par. 112,113 and 115).

1.1. claim: 12

Although the special technical product features of the
dependent claim 12 are not the same, they could be searched
without any effort and are thus included in the first
searched group of claims.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

2. claims: 8-10

(re. claims 8 and 9)

With regards to claim 8, the special technical feature with
respect to the known claim 1 is the first terminals are
disposed within no more than two of the columns of
terminals.

With regards to claim 9, the special technical feature with
respect to the claim 1 is the first terminals are disposed
within a single one of the columns of terminals.

The problem to be solved by claims 8 or 9 is ensuring the
electrical connection between the microelectronic element
and the outside world is kept particularly short (see
application par. 110).

3. claim: 11

(re. claim 11)

With regards to claim 11, the special technical feature with
respect to the known claim 1 is that the element contacts
include redistribution contacts exposed at the front face of
the microelectronic element, each redistribution contact
being electrically connected with a contact pad of the
microelectronic element through at least one of a trace or a
via, at least some of the redistribution contacts being
displaced from the element contacts in at least one
direction along the face of the microelectronic element.

The problem to be solved by claim 11 is to ensure that all
parts of the microelectronic element itself can be
effectively contacted to its contact pads, such as for
example the face of the microelectronic element opposite to
the contact pads (see application par. 90).

4. claims: 14, 17-19, 23, 25-29

(re. claim 14)

With regards to claim 14, the special technical feature with
respect to the known claim 1 is the microelectronic element
includes a first semiconductor chip having contacts thereon
joined to the substrate contacts and at least one second
semiconductor chip overlying a face of the first
semiconductor chip remote from the first surface of the
substrate and electrically interconnected with the first
semiconductor chip.

The problem to be solved by claim 14 is how to increase the
assembly density whilst maintaining the same assembly
footprint.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.2

Claims Nos.: 3-7, 13, 15, 16, 20, 21, 24, 31(completely); 1, 12,
30(partially)

The subject matter of claims 1, 3-7, 12-13,15-16, 20-21, 24, 30 and 31 as
currently defined have been directed to product claims only and the
features of applying signals can only be physically apparent in the form
of the physical electrical connection such as eg. a wirebond. For
example, the feature of the first terminals 'being configured to carry
address information usable by circuitry within the package to determine
an addressable memory location from among all the available addressable
memory locations of a memory storage array within the microelectronic
element' within independent product claim 1 is rendered superfluous to
the product claim, since it refers solely to the method of use of the
physical product, namely the first terminal, by reference to a particular
'signal', and does not in any way further define a physical technical
feature (Art. 6 PCT). Product claims such as currently are defined in the
application as originally filed cannot be defined by the use to which
they are to be put (see also PCT guidelines Section IV 5.21 and the annex
A5.21). Thus for the purposes of assessing the novelty and inventiveness
of product claims this is not limiting and thus the use of the physical
features for a particular type of use in these independent and dependent
product claims 1, 3-7, 12-13,15-16, 20-21, 24, 30 and 31 is therefore
also not taken into consideration(Art. 17 (2)(a)(i) and PCT Guidelines
9.19, 17.29) .

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.2),
should the problems which led to the Article 17(2) declaration be
overcome.
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