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(57) Abstract: A storage module may include a controller configured to communicate with a memory having a plurality of memory
dies. The controller may include a plurality of bond pads, where each bond pad is configured to communicate a same type of
memory signal, and where each bond pad is electrically connected to at least one but less than all of the plurality of memory dies. A
core of the controller may identify a memory die that it wants to communicate a memory signal and an associated bond pad with
which to communicate the memory signal.
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MEMORY CONTROLLER SELECTIVELY TRANSMITTING SIGNALS TO
MEMORY DIES VIA SELECTED BOND PADS

BACKGROUND

[0001] Storage modules may manage data storage in memory in response to host
commands received from a host. To store data and read stored data in the memory, an
external controller may communicate data, commands, or other information to memory dies.
Bond pads or pins may be used for external routing between the external controller and the

memory dies.

SUMMARY

[0002] In a first aspect, an electronic device includes a first circuit that has a plurality of
first circuit bond pads configured to communicate a same type of signal; and a second circuit
that includes a plurality of second circuit bond pads configured to communicate the same
type of signal with the plurality of first bond pads of the first circuit. Each of the first circuit
bond pads are electrically connected to at least one and less than all of the plurality of second
circuit bond pads.

[0003] In a second aspect, a method may include determining, with a core of a first
circuit, to communicate a signal with a second circuit, the signal being a predetermined type;
identifying, with the core, a first area from among a plurality of areas of the second circuit
with which to communicate the signal; and identifying, with the core, an associated first
circuit bond pad from among a plurality of first circuit bond pads of the first circuit with
which to communicate the signal. The plurality of first circuit bond pads may be configured
to communicate signals being the predetermined type with the plurality of areas of the second
circuit. In addition, each of the plurality of first circuit bond pads may be electrically

connected to at least one and less than all of the plurality of areas. Further, the associated
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first circuit bond pad may be electrically connected to the first area. The method may further
include communicating the signal between the core and the first area via the associated first
circuit bond pad.

[0004] In a third aspect, a storage module may include a controller configured to
communicate with a memory comprising a plurality of memory dies. The controller may
include: a plurality of controller bond pads configured to communicate a same type of
memory signal with a plurality of die bond pads of the plurality of memory dies. Each of the
plurality of controller bond pads may be electrically connected to at least one and less than all
of the plurality of die bond pads. The controller may further include a core configured to:
determine to communicate a memory signal with the memory, where the memory signal is
the same type; identify a controller bond pad from among the plurality of controller bond
pads via which to communicate the memory signal with the memory; and communicate the

memory signal with the identified controller bond pad.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The accompanying drawings, which are incorporated in and constitute a part of
this specification illustrate various aspects of the invention and together with the description,
serve to explain its principles. Wherever convenient, the same reference numbers will be
used throughout the drawings to refer to the same or like elements.

[0006] FIG. 1 is a block diagram of an example storage module.

[0007] FIG. 2 is a block diagram of the example storage module of FIG. 1, showing an
example configuration of selection circuitry.

[0008] FIG. 3 is a block diagram of the example storage module of FIG. 1, showing an

alternative configuration of the selection circuitry.



WO 2015/073276 PCT/US2014/064064

[0009] FIG. 4A is a block diagram of the storage module shown in Fig. 1 embedded in a
host.

[0010] FIG. 4B is a block diagram of the storage module shown in Fig. 1 removably
connected with a host.

[0011] FIG. 5 is a flow chart of a method of communicating signals from an external
controller to multiple memory dies using multiple bond pads.

DETAILED DESCRIPTION

[0012] Various modifications to and equivalents of the embodiments described and
shown are possible and various generic principles defined herein may be applied to these and
other embodiments. Thus, the claimed invention is to be accorded the widest scope
consistent with the principles, features, and teachings disclosed herein.

[0013] The present description describes a storage module that includes a controller
component and a memory component, where one of the components uses a plurality of bond
pads to communicate signals of a same type to the other component. Fig. 1 shows a block
diagram of an example embodiment of a storage module 100 that includes a controller 110
and a memory 112. The controller 110 may be configured to control and manage storage of
data in the storage module 100. In addition, the storage controller 110 may communicate
with a host or host device (not shown in Fig. 1). For example, the controller 110 may receive
host commands, such as read and write commands, from the host, and communicate
responses to the host commands to the host. The storage module controller 110 may also
communicate with the memory 112 to store and/or control the storage of the data.

[0014] The memory 112 may be configured to store the data or other information.
Example memory 112 may be non-volatile memory, such as flash memory (e.g., NAND-type

flash memory or NOR-type flash memory), read-only memory, ferroelectric RAM (F-RAM),
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other types of non-volatile memory, either currently existing or later developed, or
combinations thereof. The memory 112 may be divided or separated into an M-number of
different memory (e.g., silicon) dies 114, to 114y.. An example number of dies may be eight,
although other numbers two or greater may be used.

[0015] The controller 110 may include a core 116 that is configured to perform the
functions or operations of the controller 110. The core 116 may be implemented in hardware
or some combination of hardware and software. Example hardware and/or software
components of the core 116 may include a processor or processing circuitry, logic circuitry,
internal memory, software and/or firmware stored in the internal memory and/or executable
by the processing circuitry, and/or combinations thereof. The core 116 and/or the
components of the core 116 may be integrated as an integrated circuit or chip for some
example configurations.

[0016] The functions or operations of the controller 110 may include communicating,
including sending and receiving, signals that contain data, commands, or other information to
the dies 114, to 114y of the memory 112 to store data, retrieve data, and/or manage or control
the storage or retrieval of data in the dies 114; to 114y At least some of the signals may be
generated and/or communicated by the core 116 in response to receipt of host commands,
such as read or write host commands.

[0017] In addition, the signals that are communicated may be of various or different
types. Example types may include data signals (including multiple or different bits of data),
clock signals, write strobe signals, read strobe signals, chip enable signals, address latch
enable signals, or command latch enable signals, as examples. Other types of signals
communicated by the core 116 to dies 1144 to 114y of the memory 112 to control and/or

manage the storage and retrieval of data may be possible. The memory signals of different
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types may be different because they are used by the controller 110, the memory 112, or other
components of the storage module 100 to perform different functions or operations. In
addition or alternatively, signals may be considered to have different types based on their
characteristics, such as whether they are differential signals, pseudo differential signals, or
single-ended signals, and/or whether the signals are in different voltage domains, as
examples. Hereafter, unless otherwise specified, these different types of signals may be
collectively referred to as memory signals.

[0018] Due to physical constraints, the core 116 may be unable to directly communicate
memory signals with the different memory dies 114. In order to communicate the memory
signals, the controller 110 may include controller bond pads 118 and the memory dies 114
may include die bond pads 120 (bond pads may be otherwise or interchangeably referred to
as bond openings or pins). The controller bond pads 118 and the die bond pads 120 may be
electrically connected to each other with wires 122, such as bond wires or other elongate
conductive structures suitable for electrically connecting or coupling a pair of bond pads.
[0019] In some example embodiments, the controller 110 may be configured to have a
single controller bond pad configuration. Under the single controller bond pad configuration,
the controller 110 may have a single controller bond pad 118 for each of the different
memory signals that the controller 110 communicates to the dies 1144 to 114y. As an
example, if the controller 110 is configured to communicate ten different types of memory
signals to the dies 114, to 114y, then under the single controller bond pad configuration, the
controller 110 may have ten controller bond pads 118 to communicate the ten different types
of memory signals—one designated for each type. Correspondingly, each of the dies 114, to
114y may have a die bond pad 120 for each of the different types of memory signals being

communicated. In this way, under the single controller bond pad configuration, the number
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of controller bond pads 118 and the number of bond die pads 120 on cach die 114, to 114y is
the same. Further, the controller bond pads 118 and the die bond pads 120 that are
configured to communicate memory signals of the same type are electrically connected
together via the wires 122.

[0020] Instead of the single controller bond pad configuration, the controller 110 shown
in Fig. 1 has a multiple controller bond pad configuration, where the controller 110 includes
an N-number of controller bond pads 120 for communication of a single type of memory
signal between the controller 110 and the memory dies 114, to 114y, where N is two or
greater. For simplicity, hereafter unless otherwise specified, the present description and the
referenced drawings describe and show the multiple controller bond pad configuration for
only a single type of memory signal being communicated between the controller 110 and the
memory dies 114; to 114y

[0021] Fig. 1 shows the controller 110 including an N-number of controller bond pads
118 to 118y in electrical connection with an M-number of bond pads 120, to 120y included
on the M-number of memory dies 114, to 114y. Additionally, as shown in Fig. 1, an
M-number of wires 122, to 122y electrically connect the N-number of controller bond pads
118 with the M-number of die bond pads 120.

[0022] The electrical connections between the N-number of controller bond pads 118 and
the M-number of die bond pads 120 may have a predetermined arrangement or configuration.
In particular, the M-number of dies 114 may be arranged or configured into an N-number of
groups, with each group being associated and/or electrically connected with one of the
N-number of controller bond pads 118 of the controller 110. The numbers of dies 114 in the
groups may be the same or different from each other. Each of the wires 122 may clectrically

connect one of the controller bond pads 118 with one of the die bond pads 120 in the group
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with which the controller bond pad 118 is associated. In this way, each of the N-number of
controller bond pads 118 is electrically connected to at least one but less than all of the
M-number of die bond pads 120.

[0023] As an example illustration, suppose the memory 112 includes eight memory dies
114 and the controller 110 includes two bond pads 118 (i.e., M=8 and N=2). In addition,
suppose the eight memory dies 114 are divided into two groups, a first group and a second
group, with each group including four of the dies 114. For example, suppose the first group
includes Die 1, Die 2, Die 3, Die 4, and the second group includes Die 5, Die 6, Die 7, Die &.
Further, suppose the first group of dies 114 is associated with a first controller bond pad 118,
and the second group is associated with a second controller bond pad 118,. Under this
arrangement or configuration, a first set of the wires 122; to 1224 may electrically connect the
first controller bond pad 118; with the die bond pads 120, to 120, in the first group, and a
second set of the wires 1225 to 1225 may electrically connect the second controller 118, with
the die bond pads 1205 to 120g in the second group.

[0024] Each association of a controller bond pad 118 and one or more die bond pads 120
in a group that are associated and/or electrically connected with the controller bond 118 may
have an associated bond pad capacitance with respect to ground or ground reference (not
shown. Each associated bond pad capacitance may include a controller bond pad capacitance
gencrated between the controller bond pad 118 and ground, a die bond pad capacitance
gencrated between the die bond pads 120 in the associated group and ground, and wire
capacitance generated between the wires 122 that electrically connect the controller bond pad
118 and the die bond pads 120 in the associated group. Because the wires 122 connect the
die bond pads 120 in a group with the same bond pad 118, the controller bond pad, die bond

pad, and wire capacitances are electrically connected in parallel with each other. As such, the
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associated bond pad capacitance, generated between the bond pad 118 and die bond pads 120
in an associated group is the sum of the controller bond pad capacitance, die bond pad
capacitance, and wire capacitance.

[0025] The memory signals may be communicated over the wires 122 between the
controller bond pads 118 and the dic bond pads 120 as signals having voltage levels

corresponding to logic “high” and logic “low.” Power that is consumed to communicate the
. . . 1 . . .
memory signals is proportional to > CV?, where C is the associated bond pad capacitance and

V' is the voltage of the signals. During a period of time, the more times that a signal oscillates
or toggles between logic “high” and logic “low” voltage levels, the more power is consumed.
The voltage levels at which signals are generated are typically fixed, and so in order to reduce
power consumption over a period of time, the number of times that the signals toggle or
oscillate (i.c., the operating frequency) and/or the bond pad capacitance must be reduced.
[0026] The associated bond pad capacitances generated between the N-number of
controller bond pads 118 and the M-number of die bond pads 120 for the configuration of the
controller 110 shown in Fig. 1 may be less compared to alternative configurations where the
controller 110 includes only a single controller bond pad 118 (i.e., N=1) but the M-number of
dies 114 and die bond pads 120 remains the same. For example, using the illustration above
where the memory 112 includes eight dies 114 (i.e., M=), if the controller 110 includes only
a single bond pad 118, then all eight of the die bond pads 120 may be electrically connected
to the same, single controller bond pad 118. Accordingly, the bond pad capacitance
associated with the single controller bond pad 118 includes the sum of all eight of the die
bond pad capacitances associated with the eight die bond pads 120. In contrast, when
multiple controller bond pads 118 are used, the bond pad capacitance may be reduced

because the number of die bond pads with which each controller bond pad 118 is electrically
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connected is reduced. For example, using the above illustration, where two controller bond
pads 118 are used and each one is electrically connected to four of the eight die bond pads
120, the bond pad capacitance associated with each of the controller bond pads 118 is less
compared to the single controller bond pad configuration because each controller bond pad
118 is connected to only four die bond pads instead of all eight.

[0027] The controller 110 may further include selection circuitry 124 in communication
with the core 116 and the controller bond pads 118. For some example configurations, the
selection circuitry 124 in combination with the controller bond pads 118 may be referred to
as a PAD cell or a PAD macro. The selection circuitry 124 may be configured to selectively
communicate the memory signals output from the core 116 to the controller bond pad 118
associated and/or electrically connected with the die bond pad 118 with which the core 116
wants to communicate the memory signal.

[0028] To illustrate using the above example, suppose that to execute a host write
command, data is to be written to a first memory 114;. In the illustration, because the first
memory die 114, is part of the first group that is connected to the first controller bond pad
118, the selection circuitry 124 may be configured to selectively communicate the data to be
written to the first memory die 114, to the first controller bond pad 118; but not to the second
controller bond pad 118;.

[0029] Additionally, as described in more detail below, the selection circuitry 124 may be
configured to change the logic voltage levels of the signals being communicated between the
memory 112 and the core 116, as appropriate. In particular, for some example configurations
of the storage module 100, the controller 110 (including the core 116) may be configured to
operate at different logic voltage levels than the memory 112. An example logic “high”

voltage level for the core 116 may be 1.0 volts and a logic “high” voltage level for the



WO 2015/073276 PCT/US2014/064064

memory 112 may be 1.8 volts or 3.3 volts. For these configurations, the selection circuitry
124 may be configured to change the logic voltage levels.

[0030] The core 116 may be configured to determine which of the controller bond pads
118 it wants and does not want to communicate memory signals with. In particular, when the
core 116 determines it wants to communicate a memory signal with the memory 112, which
may include sending a memory signal to one of the dies 114, to 114y or receiving a memory
signal from one of the dies 1144 to 114y, the core 116 may be configured to identify the
memory die 114 with which to communicate the memory signal. The core 116 may then be
configured to determine a controller bond pad 118 with which the identified die 114 is
associated and/or electrically connected. The core 116 may determine the associated
controller bond pad 118 in various ways, such as through use of mapping, decoding, or by
performing a table lookup in a table that associates the controller bond pads 118 and the
memory dies 114.

[0031] In addition, the core 116 may be configured to control the selective
communication of the selection circuitry 124 so that the associated controller bond pad 118
receives the memory signal being communicated while the one or more other controller bond
pads 118 that are unassociated with the identified die 114 do not receive the memory signal,
as desired by the core 116. The core 116 may be configured to control the selective
communication by generating and/or sending one or more control signals to the selection
circuitry 124, which may configure the selection circuitry 124 in a desired or predetermined
state. In the desired or predetermined state, the switching circuitry 124 may electrically
connect or couple the associated controller bond pad 118 with the core 116, while electrically
disconnecting or decoupling the one or more other unassociated controller bond pads 118

from the controller 116, as desired by the core 116. Accordingly, when the selection circuitry
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124 is in the predetermined state and receives a memory signal from the core 116, the
selection circuitry 124 sends the memory signal to the controller bonding pad 118 associated
with the identified die 114 but not to the one or more other unassociated controller bond pads
118. In turn, the memory signal may be communicated from the associated controller bond
pad 118 to a die bond pad 120 of the identified memory die 114. Similarly, when the
selection circuitry 124 is in the predetermined state and receives a memory signal
communicated from the identified memory die 114 via the associated controller bond pad
118, the selection circuitry 124 may communicate the memory signal to the core 116. The
core 116 may generate the control signals based on chip enable signals or other relevant
signals upon determining which of the dies 114 to communicate the memory signal.

[0032] In addition, as described in further detail below, the control signals may configure
the selection circuitry 124 to place and/or maintain the other controller bond pads 118 not
associated with the identified die 114 in a steady-state, such as by applying a steady-state
voltage level (e.g., logic “high” voltage or a logic “low” voltage), or configuring the other
controller bond pads 118 in a floating or high-impedance state. Placing the other controller
bond pads 118 not associated with the identified die 114 in a steady state may prevent or
discourage the voltage levels at the other controller bond pads 118 from toggling between
logic voltage levels as the memory signals are communicated between the associated
controller bond pad 118 and the die bond pads 120 in the associated group.

[0033] Fig. 2 shows a circuit schematic diagram of an example configuration of the
selection circuitry 124 in communication with the core 116 and the N-number of controller
bond pads 118. The selection circuitry 124 may include an N-number of paths 202, with

each path in electrical communication and/or coupled with one of the N-number of controller
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bond pads 118. Each path may be configured to communicate memory signals between the
core 116 and the controller bond pad 118 with which it is in communication.

[0034] The selection circuitry 124 may also include switching circuitry 204 integrated
with the N-number of paths 202. The switching circuitry 204 may be configured to
clectrically connect or disconnect each of the paths 202 and respective controller bond pads
118 with the core 116. When the switching circuitry 204 electrically connects a path 202
with the core 116, the path 202 may be configured or able to receive memory signals from the
core 116 and communicate them to a respective controller bond pad 118, or vice versa.
Alternatively, when the switching circuitry 204 electrically disconnects a path 202 with the
core 116, the path 202 may not be configured or may be unable communicate memory signals
between the core 116 and a respective controller bond pad 118.

[0035] In one example configuration, as shown in Fig. 2, the switching circuitry 204 may
include an N-number of switches SW; to SWy to selectively connect and disconnect the paths
202 to 202y with the core 116. Each of the switches SW; to SWy may be in communication
with and/or part of a respective path 202, to 202x. In addition, each of the switches SW; to
SWy may be configured to switch between a plurality states or positions. For the
configuration shown in Fig. 2, the states may include an open state and a closed state. For
cach of the switches SW, when the switch SW is closed, the respective path 202 may be
connected with the core 116. Alternatively, when the switch SW is open, the respective path
202 may be disconnected with core 116.

[0036] In addition, the selection circuitry 124 may include transmitter circuitry 206
integrated with the N-number of paths 202. The transmitter circuitry 206 may be configured
to receive the memory signals output by the core 116, generate amplified or charged up

versions of the memory signals, and output the amplified or charged up versions to one of the
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controller bond pads 118. The memory signals received by the transmitter circuitry 206 may
have first logic voltage levels, and the amplified or charged up version may be output by the
transmitter circuitry at second, different logic voltage levels, as previously described.

[0037] In the example configuration shown in Fig. 2, the transmitter circuitry 124 may
include an N-number of transmitters TX; to TXy configured to output the memory signals to
a respective controller bond pad 118. Example circuitry used for the transmitters TX; to TXy
may include buffers or repeaters, although other types of circuitry to amplify or charge up
received signals may additionally or alternatively be used. For some example configurations,
the transmitters TX; to TXy may be connected to a logic “high” voltage Vppo and a logic
“low” voltage Vsso. The logic “low” voltage Vgso may be connected to ground for some
configurations, as shown in Fig. 2.

[0038] Each of the transmitters TX; to TXy may be part of or included with a respective
path 202, to 202x. In addition, inputs for each of the transmitters TX; to TXy may be in
communication with a respective or associated switch SW; to SWy. For each transmitter TX,
when a respective or associated switch SW is closed, the input of the transmitter TX may be
in communication with the core 116 and configured to receive memory signals output from
the core 116, and output the received memory signals to a respective controller bond pad 118.
Alternatively, when the respective or associated switch SW is open, the input of the
transmitter TX may not be in communication with the core 116 and unable to receive the
memory signals output from the core 116. When the switch SW is open and the input of the
transmitter TX is not in communication with the core 116, the input may be “floating” which
in turn configures the transmitter TX in a “floating” state, causing the transmitter TX to apply

a high impedance to the respective controller bond pad 118.
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[0039] The core 116 may be configured to output control signals to the switches SW; to
SWy to control the states of the switches SW; to SWy, such as to control whether each of the
switches SW; to SWy is open or closed. The core 116 may be configured to determine the
states for each of the switches SW; to SWy based on an identified die 114 to which to send
and/or receive memory signals. Upon determining the die 114, the core 114 may determine
which of the controller bond pads 118; to 118y is associated with the identified die 114. The
core 116 may then determine to output controls signals to close the switch SW associated
with and/or that is part of the path 202 connected to the associated controller bond pad 118.
The core 116 may also determine to output control signals to open the other switches SW that
are not included or part of the path 202 connected to the associated controller bond pad 118,
which configures the controller bond pads 118 not associated with the identified die 114 in
high impedance or floating states. Then, when the core 116 outputs the memory signals, the
memory signals may be sent along the associated path, through the closed switch SW,
charged up by the associated transmitter TX, and transmitted to the associated controller bond
pad 118, where the memory signals may then be sent across wires 122 to the die bond pads
120 in the group of dies 114 having the identified die 114.

[0040] Fig. 3 shows a circuit schematic diagram of another example configuration of the
selection circuitry 124 in communication with the core 116 and the N-number of controller
bond pads 118. The configuration shown in Fig. 3 may be similar to the configuration shown
in Fig. 2, except that when switches SW in switching circuitry 304 are configured to
disconnect associated paths 302 from the core 116, the switches SW may be connected or tied
to a logic “high” voltage level or a logic “low” voltage level. As shown in Fig. 3, the logic
voltage levels may be the logic “high” voltage level Vppo or the logic “low” voltage level

Vsso being applied to the transmitters TX. By configuring the switches SW to be connected
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to logic “high” or logic “low” voltage levels, the inputs to the associated transmitters TX may
be tied to logic level voltages rather than be floating. In turn, the transmitters TX may be
configured to output and/or apply steady state voltages at logic “high” or logic “low” levels
to respective controller bond pads 118.

[0041] In the example configuration shown in Fig. 3, each of the switches SW; to SWy
may be configured to switch between being configured in four different states. In a first state,
cach of the switches SW; to SWy may be connected to a respective signal terminal Sy to Sy,
which may electrically connect the input of a respective transmitter TX and controller bond
pad 118 to the core 116. In the second state, each of the switches SW; to SWy may be
connected to a respective logic “high” voltage terminal H; to Hy connected to the logic
“high” voltage Vppo, which may tie or connect the input of a respective transmitter TX and
controller bond pad 118 to a logic “high” voltage level. In the third state, each of the
switches SW; to SWx may be connected to a respective logic “low” voltage terminal L; to Ly
connected to the logic “low” voltage Vsso, which may tie or connect the input of a respective
transmitter TX and controller bond pad 118 to a logic “low” voltage level. In the fourth state,
each of the switches SWi to SWx may be disconnected from the core 116 and the logic
“high” and “low” voltages Vppo, Vsso and provide a floating state input (as denoted by
floating terminals F, to Fy) for a respective transmitter TX and controller bond pad 118.
[0042] In alternative configurations, the switches SW; to SWy may be configured to
switch between less than all four states. For example, the switches SW; to SWy may be
configured to switch between only two states, where one of the states is the first state
connecting respective transmitters TX and controller bond pads 118 to the core 118, and the
other state is the second, third, or fourth state. Alternatively, the switches SW; to SWy may

be configured switch between only three of the four states, such as the first state and two of
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the second, third, and fourth states. Various configurations of the switches SW; to SWy may
be possible, and may depend on whether to tie the controller bond pads 118 to a logic “high”
voltage, a logic “low” voltage, or a floating state when they are disconnected from the core
116.

[0043] In addition, as previously described, Figs. 1-3 show a multiple controller bond pad
configuration for communication of only a single type of memory signal. Similar or
duplicative configurations may be implemented for communication of all or at least more
than one of the different types of memory signals. Additionally, while some example
embodiments of the controller 110 may use the multiple controller bond pad configuration for
communication all of the different types of memory signals, other example embodiments may
use the multiple controller bond pad configuration for communication of less than all of the
different types of memory signals. In addition or alternatively, the N-number of controller
bond pads 118 used for each of the different memory signals may be the same or different
among each other. For example, a configuration of the controller 110 may have two
controller bond pads for communicating a first type of memory signal, two controller bond
pads for communicating a second type of memory signal, a single controller bond pad for
communicating a third type of memory signal, and three controller bond pads for
communicating a fourth type of memory signal. Various configurations or combinations of
configurations with regard to the single and multiple controller bond pad configurations for
the different types of memory signals are possible.

[0044] In addition, the present description with respect to Figs. 1-3 describes an example
embodiment of a storage module where selection circuitry of a controller that is external to
memory dies is configured to selectively couple and decouple bond pads of the controller

with the die based on a selection of which memory die a core of the controllers wants to

16



WO 2015/073276 PCT/US2014/064064

communicate a memory signal with. In alternative embodiments, the selective coupling and
decoupling may be controlled by and/or occur on the memory side rather than the controller
side. For example, if the first memory die 114; wants to communicate a memory signal to a
controller bond pad 118 with which the first memory die 114, is electrically connected, the
memory 112, such as the first memory die 114, may be configured to selectively decouple
the other memory dies 114 that are also electrically coupled to the controller bond pad 118.
In this way, when the first memory die 114; sends a memory signal to the controller bond pad
118, less associated bond pad capacitance may be generated, which may reduce overall
power consumption during the transmission.

[0045] In addition or alternatively, the selective coupling and decoupling as described
may be generally implemented or applied for communication between two or more electronic
devices, chips, or other circuits that communicate using bond pads and wires and that utilize
chip selects or other similar selection schemes to identify or select the devices, chips, circuits,
or areas of a device, chip, or circuits, with which they want to communicate.

[0046] For some example configurations, the storage module 100 may be implemented
with a host by being an embedded device of the host or by being removably connected with a
host. Figs. 4A and 4B show these implementations. As shown in Figure 4A, the storage
module 100 may be embedded in a host 410. In addition to embedding the storage module
100, the host 410 may have a host controller 420. That is, the host 410 may embody the host
controller 420 and the storage module 100, such that the host controller 420 interfaces with
the embedded storage module 100 to manage its operations. For example, the storage module
100 can take the form of an iINAND™ eSD/eMMC embedded flash drive by SanDisk
Corporation. The host controller 420 may interface with the embedded storage module 100

using the host interface 116 (Fig. 1). Additionally, when the storage module 100 is
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embedded in the host 410, some or all of the functions performed by the controller 110 in the
storage module 100 may instead be performed by the host controller 420.

[0047] The host 410 can take any form, such as, but not limited to, a solid state drive
(SSD), a hybrid storage module (having both a hard disk drive and a solid state drive), a
memory caching system, a mobile phone, a tablet computer, a digital media player, a game
device, a personal digital assistant (PDA), a mobile (e.g., notebook, laptop) personal
computer (PC), or a book reader, as examples. As shown in Figure 4A, the host 410 can
include optional other functionality modules 430. For example, if the host 410 is a mobile
phone, the other functionality modules 430 can include hardware and/or software components
to make and place telephone calls. As another example, if the host 410 has network
connectivity capabilities, the other functionality modules 430 can include a network interface.
These are just some examples, and other implementations can be used. Also, the host 410
can include other components (e.g., an audio output, input-output ports, etc.) that are not
shown in Figure 4A to simplify the drawing.

[0048] As shown in Figure 4B, instead of being an embedded device in a host, the storage
module 100 may have physical and electrical connectors that allow the storage module 100 to
be removably connected to a host 440 (having a host controller 445) via mating connectors.
As such, the storage module 100 may be a separate device from (and is not embedded in) the
host 440. In this example, the storage module 100 can be a removable memory device, such
as a Secure Digital (SD) memory card, a microSD memory card, a Compact Flash (CF)
memory card, or a universal serial bus (USB) device (with a USB interface to the host), and
the host 440 is a separate device, such as a mobile phone, a tablet computer, a digital media
player, a game device, a personal digital assistant (PDA), a mobile (e.g., notebook, laptop)

personal computer (PC), or a book reader, for example.
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[0049] Fig. 5 shows a flow chart of an example method 500 of communicating signals
between multiple bond pads of a controller and multiple dies of memory in a storage module.
At block 502, a core of the controller may determine to communicate, including determining
to send or receive, a signal, such as a data signal, a command signal, or other signal with one
of the multiple dies. The determination may include selecting or identifying which of one of
the dies to communicate the signal. At block 504, the core may identify a bond pad of a
plurality of bond pads of the controller that is associated and/or electrically connected with
the die identified at block 502. The bond pad may identify the bond pad through decoding,
performing a table look up or accessing a mapping scheme that associates each of the
multiple dies in the memory with one of the bond pads, as previously described.

[0050] At block 506, the core may generate and output control signals to switching
circuitry positioned in between the core and the bond pads of the controller. The control
signals may configure the switching circuitry to electrically connect the bond pad identified
at block 504 with the core and to electrically disconnect or isolate the one or more bond pads
of the controller not identified at block 504 from the core. In this way, when the signal is
communicated, the identified bond pad may receive the signal and the one or more other
bond pads may not receive the signal. The switching signals may also configure the
switching circuitry to be configured to electrically place and/or maintain the one or more
other bond pads in a steady state, such as by applying a logic “high” voltage, a logic “low”
voltage, or configuring them in a high-impedance or floating state.

[0051] At block 508, the switching circuitry may receive the control signals output from
the core and be configured in accordance with the control signals. For some example
methods, upon receiving the controls signals, switches in the switching circuitry may switch

between and/or be configured in one of a plurality of different states to electrically connect or
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disconnect the core with paths that are coupled to respective bond pads. For example, the
control signals may configure a switch in a first state, such as a closed state, to electrically
connect the core with the bond pad identified at block 504 and configure the one or more
other switches in a second state, such as an open state, to electrically disconnect the core from
the other bond pads not identified at block 504. In addition or alternatively, when switched in
the second state, the one or more other switches may be tied or connected to a steady state
voltage, such as a logic “high” voltage, a logic “low” voltage, or unconnected in a floating
state (high impedance).

[0052] At block 510, the other bond pads not identified at block 504 may be configured
and/or maintained in a steady state. For example, steady state voltages may be applied to
inputs of transmitters having outputs coupled to the other bond pads, and amplified or
charged up steady state voltages output by the transmitters may be applied to the other bond
pads. When the steady state voltage is applied to the other bond pads, the other bond pads
may not toggle or oscillate between logic “high” and logic “low” voltage levels like the
identified bond pad when the identified bond pad receives the signal being communicated
with the core and the memory die identified at block 502.

[0053] At block 512, the signal may be communicated between the core and the die
identified at block 502 via the bond pad identified at block 504. The signal may be
communicated over one or more wires connecting the identified bond pad of the controller
with bond pads or pins of one or more dies that are part of a group or set of dies. The signal
may be communicated over identified bond pad and the one or more wires while the other
bond pads are being maintained in the steady state. One of the dies in the group may include
the die identified at block 502. In addition, the group may include less than all of the dies

that make up the memory of the storage module. In this way, a lesser amount of bond pad
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capacitance may be generated between the bond pad identified at block 504 and the bond
pads of the memory dies in the group associated with the identified bond pad, which may
reduce overall power consumption when communicating the signal. In addition, at block
512, the signal may be communicated along a path of the controller that couples the bond pad
identified at block 504 with the core. In some methods, the signal may pass through a closed
switch that electrically couples the identified bond pad and the core. Where the signal is
transmitted by the core, the signal may be received by an input of a transmitter, where the
signal may be amplified or pumped with charge, and then output by the transmitter to the
identified bond pad before it is communicated to the group or set of dies.

[0054] It is intended that the foregoing detailed description be understood as an
illustration of selected forms that the embodiments can take and does not intend to limit the
claims that follow. Also, some of the following claims may state that a component is
operative to perform a certain function or configured for a certain task. It should be noted
that these are not restrictive limitations. It should also be noted that the acts recited in the
claims can be performed in any order—not necessarily in the order in which they are recited.
Additionally, any aspect of any of the preferred embodiments described herein can be used
alone or in combination with one another. In sum, although the present invention has been
described in considerable detail with reference to certain embodiments thereof, other versions
are possible. Therefore, the spirit and scope of the appended claims should not be limited to

the description of the embodiments contained herein.
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CLAIMS
I claim:
1. An electronic device comprising:
a first circuit comprising a plurality of first circuit bond pads configured to
communicate a same type of signal; and
a second circuit comprising a plurality of second circuit bond pads configured to
communicate the same type of signal with the plurality of first bond pads of the first circuit,
wherein each of the first circuit bond pads is electrically connected to at least one and

less than all of the plurality of second circuit bond pads.

2. The electronic device of claim 1, wherein the first circuit comprises:
a core in selective communication with the plurality of first circuit bond pads, the core
configured to:
determine to communicate a signal to the second circuit, the signal being of
the same type that the plurality of first circuit bond pads and the plurality of second
circuit bond pads are configured to communicate with each other; and
determine which of the plurality of first circuit bond pads to communicate the

signal.

3. The electronic device of claim 2, wherein the second circuit comprises a plurality of
areas, each of the plurality of areas comprises one of the plurality of second circuit bond
pads,

wherein the core is further configured to:
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determine to communicate the signal with an identified area of the plurality of areas
of the second circuit; and
in response to the determination to communicate the signal with the identified area:
identify an associated first circuit bond pad among the plurality of first circuit
bond pads as being associated with the identified area, the associated first circuit bond
pad being electrically connected to the identified area; and
communicate the signal with the identified area via the associated first circuit

bond pad.

4. The electronic device of claim 3, further comprising selection circuitry configured to
selectively communicate signals of the same type between the core and the plurality of first

circuit bond pads.

5. The electronic device of claim 4, wherein the core is further configured to:
send one or more control signals to the selection circuitry to configure the selection

circuitry for selective communication of the signal to the associated first circuit bond pad.

6. The electronic device of claim 5, wherein the selection circuitry comprises switching
circuitry, and wherein the switching circuitry is configured to:

receive the one or more control signals; and

in response to receipt of the one or more control signals, be configured in a
predetermined state that electrically connects the associated first circuit bond pad with the

core and electrically disconnects one or more unassociated first circuit bond pads of the
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plurality of first circuit bond pads with the core, the one or more unassociated first circuit

bond pads not being electrically connected to the identified area.

7. The electronic device of claim 6, wherein the selection circuitry further comprises
transmitter circuitry configured to:
when the switching circuitry is in the predetermined state:
transmit the signal to the associated first circuit bond pad; and

maintain the one or more unassociated first circuit bond pads in a steady state.

8. The electronic device of claim 7, wherein the switching circuitry, in the
predetermined state, is further configured to:

communicate the signal to a first transmitter of the transmitter circuitry for
transmission of the signal to the associated first circuit bond pad; and

provide a steady state input to one or more second transmitters of the transmitter

circuitry to maintain the one or more unassociated first circuit bond pads in the steady state.

9. The electronic device of claim 7, wherein the transmitter circuitry, to maintain the one
or more unassociated first circuit bond pads in the steady state, is configured to apply a
steady state voltage to the one or more unassociated first circuit bond pads or configure the

one or more unassociated first circuit bond pads in a high impedance state.

10. The electronic device of claim 9, wherein the steady state voltage comprises a voltage

being applied to the transmitter circuitry to power the transmitter circuitry.
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11. The electronic device of claim 1, wherein the second circuit comprises a memory
comprising a plurality of memory dies, wherein each of the plurality of memory dies
comprises one of the plurality of second circuit bond pads, and

wherein the first circuit comprises a controller configured to communicate with the

memory to perform memory operations.

12. The electronic device of claim 1, wherein the plurality of first circuit bond pads and
the plurality of second circuit bond pads are configured to communicate with each other via

bond wires.

13.  The electronic device of claim 3, wherein the plurality of areas comprises a plurality

of chips.

14. A method comprising:

determining, with a core of a first circuit, to communicate a signal with a second
circuit, the signal being a predetermined type;

identifying, with the core, a first area from among a plurality of areas of the second
circuit with which to communicate the signal;

identifying, with the core, an associated first circuit bond pad from among a plurality
of first circuit bond pads of the first circuit with which to communicate the signal, wherein
the plurality of first circuit bond pads are configured to communicate signals being the
predetermined type with the plurality of areas of the second circuit, wherein each of the

plurality of first circuit bond pads is electrically connected to at least one and less than all of
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the plurality of areas, and wherein the associated first circuit bond pad is electrically
connected to the first area; and
communicating the signal between the core and the first area via the associated first

circuit bond pad.

15. The method of claim 14, further comprising:

configuring selection circuitry in a predetermined state to electrically connect the
associated first circuit bond pad to the core and electrically disconnect one or more
unassociated first circuit bond pads of the plurality of first circuit bond pads, the one or more
unassociated first circuit bond pads not identified by the core with which to communicate the

signal.

16. The method of claim 15, further comprising:
sending, with the core, one or more control signals to the selection circuitry to

configure the switching circuitry in the predetermined state.

17. The method of claim 16, further comprising:
when the selection circuitry is in the predetermined state:
communicating, with the selection circuitry, the signal between the core and
the associated first circuit bond pad; and
maintaining, with the selection circuitry, the one or more unassociated first

circuit bond pads in a steady state.
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18. The method of claim 17, wherein maintaining the one or more unassociated first
circuit bond pads in a steady state comprises:

maintaining, with the selection circuitry, the one or more unassociated first circuit
bond pads in the steady state while communicating the signal between the core and the

associated first circuit bond pad.

19. The method of claim 17, wherein maintaining the one or more unassociated first
circuit bond pads in the steady state comprises:

applying, with the selection circuitry, a steady state voltage to the one or more
unassociated first circuit bond pads; or

configuring, with the selection circuitry, the one or more unassociated first circuit

bond pads in a floating state.

20. A storage module comprising:
a controller configured to communicate with a memory comprising a plurality of
memory dies, the controller comprising:

a plurality of controller bond pads configured to communicate a same type of
memory signal with a plurality of die bond pads of the plurality of memory dies, each
of the plurality of controller bond pads being electrically connected to at least one and
less than all of the plurality of die bond pads; and

a core configured to:

determine to communicate a memory signal with the memory, the

memory signal being the same type;
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identify a controller bond pad from among the plurality of controller

bond pads via which to communicate the memory signal with the memory;

and
communicate the memory signal with the identified controller bond
pad.
21.  The storage module of claim 20, wherein the core is further configured to:

identify a memory die of the plurality of memory dies to send the memory signal; and
associate the controller bond pad with the memory die,
wherein the core is configured to identify the controller bond pad from among the

plurality of controller bond pads based on the association.

22.  The storage module of claim 21, wherein the core is further configured to:

send one or more control signals to selection circuitry that configures the selection
circuitry in a predetermined state, wherein, when the selection circuitry is configured in the
predetermined state, the selection circuitry electrically connects the identified controller bond
pad to the core and electrically disconnects one or more unassociated controller bond pads of

the plurality of controller bond pads from the core.

23. The storage module of claim 22, wherein the one or more control signals further
configures the selection circuitry in the predetermined state such that, in the predetermined
state, the selection circuitry configures the one or more unassociated controller bond pads in a

steady state.
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