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REGISTER OPERATION IN MEMORY DEVICES

BACKGROUND

Tield of the Present Ihsclosure

{0061} Embodiments of the present disclosure relate generally to the field of semiconductor
devices. More specifically, embodiments of the present disclosure relate to registers disposed on

a memory die,

Deseription of Related Avt

{0082] A semiconductor device, such as a nicrocomputer, memory, gate array, among others,
may mnclude various registers utilized 10 the operation of the device. For exarople, address
registers, command registers, status, and data registers all can be utilized i conjunction with
respective operations involving the device, such as read and write operations. Additionally, for
example, a mode register or other registers may be utithized m the device, for example, when the
device 1s a memory device. Access to the registers of the device 18 typically restrnicted to
authorized access and the accesses may also be restricted to particular times {e.g., when the
device 1s 1dle). With this in mund, 1t 15 desirable to provide improved systems and methods for
accessing of registers of a device, for example, a memory device more efficiently. Embodiments

of the present disclosure may be directed to one or more of the problems set forth above.

BRIEF DESCRIPTION OF DRAWINGS

{0663} FIG. 1 15 a sumplified block duagram iHlustrating certain features of a memory device,

according to an embodiment of the present disclosure;
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{00084} FIG. 2 illustrates a simplified diagram iliustrating a first technique for register
accesses during a memory operation of the memory device of FIG. 1, according o an

embodiment of the present disclosure;

{0085} FIG. 3 illustrates a simplified diagram itlustrating a second technigue for register
accesses during a memory operation of the memory device of FIG. 1, according o an

embodiment of the present disclosure; and

{0006} FI1G. 4 illustrates a flow chart of a method for wrniting data to or reading data from a
register within the memory device of FIG. 1, according to an embodiment of the present

disclosure.

DETAILED DESCRIPTION

{0607} One or more spectfic embodiments will be described below. In an effort to provide a
concise description of these embodiments, not all features of an actual implementation are
described in the specification. It should be appreciated that in the development of any such
actual implementation, as in any engineering or design project, numerous implemeniation-
spectfic decisions must be made to achieve the developers’ specific goals, such as comphiance
with system-related and business-related constraints, which may vary from one implementation
to another. Moreover, it should be appreciated that such a development effort might be complex
and time consuming, but would nevertheless be a routine undertaking of design, fabrication, and

mamifacture for those of ordinary skill having the benefit of this disclosure.

{0008] Modern memory devices {chips} typically contain a number of registers that are
accessible by a memory controller. These registers can represent or contamn mformation such as

configuration settings of the device, status of the device, device parameters, as well as

[xe]
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predetermined patterns that can be written across the semiconductor device (e.g., die). Une
example of a register that is accessible by the controller and can include one or more of
configuration setiings of the device, status of the device, device parameters, as well as

predetermined patterns is a mode register {or a plurality of mode registers).

{00089} The memory controtler accessible registers of the memory device, such as the mode
register, typically span read-only, write-only, and read-write uses and the register architecture in a
memory device may typically be designed for use during power-up initialization, thus limiting
their throughput capability. Additionally, register accesses are typically restricted in that they
require all array operations of the memory device to be completed (Le., the memory device to be
in an wdle mode) before any register operations can be initiated. However, there are memory
operations in which continued access to a memory array of the memory device 1s provided so as
to maintain the system throughput. Thus, typical breaks in array accesses, for example, to allow
for register operations to occur, may not be possible as these breaks would impact the overall

efficiency of the system.

{0610] Accordingly, present embodiments allow for register operations concurrent with array
operations, In some embodiments, the memory device 18 not operating in an 1dle mode to intiate
access requests to registers. Instead, for example, register read and register write operations can
be mterspersed with memory array read and write operations instead of register read and register
write operations being nitiated when the memory device 15 10 an wlle mode (e.g., while no read
or write operations to the memory array are being performed). Furthermore, 1o some
embodiments, register read and write operations are imtiated and executed without being
mterspersed with respect to one another (1.e., back-to-back or stherwise with no gaps n time

therebetween). Sumilarly, reads from the same register repeatediy can be utiated and executed
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without being interspersed with respect to one another {(i.e., back-to-back or otherwise with no
gaps in time therebetween). In other embodiments, register write operations may operate ina
similar manner or may require gaps in time with respect to one another, for example, when
writes are to configuration registers that modify the behavior of the memory device itself (1.e,
sequential writes may include sufficient time periods therebetween to allow for the configuration

registers to reflect or execute a modification of the behavior of the memory device).

{001 1} Turning now to the figures, FIG. 1 15 a simplified block diagram iHustrating certain
features of a memory device 10, Specifically, the block diagram of FIG. 1 15 a functional block
diagram tllustrating certain functionality of the memory device 10. In accordance with one
embodiment, the memory device 10 may be a random access memory (RAM) device, a dynamic
RAM {(DRAM) device, a static RAM (SRAM} device (including a double data rate SRAM
device}, flash memory, and/or a phase change memory (PCM) device, each having a
corresponding logic storing device {e.g., a capacitor, a resistor, or the resistance of the

chalcogenude matenial(s)) of memory cells of the memory device.

[0012] In some embodiments, when the moemory device 10 1s a PCM device, it may bea 3D
XPoint memory device as a non-volatile memory that utilizes chalcogenide material(s) to atlow
for state changes of memory cells therein. The changing of one state to another, for exarople, a
crystailine phase {e.g., an orderly phase of the material of the memory cells of the PCM device)
having a relative low resistance to an amorphous phase {e. g., a disorderly phase of the maternial
of the memory cells of the PCM device} having relative high resistance may be controlled
through the application of, for example, heat to the materials of the PCM. The states themselves,
based on thew differences n resistivity, represent whether the phase change memory cell stores

“17 or “07 as a binary value.
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{0013} The memory device 10 may include a number of memory partitions 12 each inclusive
of one or more arrays (1.e., memory arrays). Yarious configurations, organizations, and sizes of
the memory partitions 12 on the memory device 10 may be utilized depending on the application
and design of the overall system. The memory device 10 may also include a command interface
14 and an mput/cutput (/0) interface 16. The command mterface 14 s configured to provide a
number of signals from an external device, such as a processor or controller {e.g., memory
controller 17}, In some embodiments, a bus 15 {or a signal path or another group of signal paths)
may, individually or in combination, aliow for bidirectional transmussion of signals between the
command mterface 14 and the processor or controller {e.g , the memory controller 17). Likewise,
a bus 19 {or a signal path or another group of signal paths) may, individually or 10 combination,
allow for bidirectional transroission of signals, wcluding, for exarple, data signals, between the
VO aterface 16 and, for example, the processor or controller {e g., the memory controller 17}
Thus, the processor or controller, for example, the memory controller 17 may provide various
signals to the memory device 10 to facilitate the transnussion and receipt of data (o be written to

or read from the memory device 10,

{0614] As will be appreciated, the command interface 14 may include a number of circuits,
such as a clock mput circwnt 18 and a command address mput circuit 20, for instance, to ensure
proper handling of the received signals. The command nterface 14 may receive one or more
clock signals from an external device, such as a processor or controller (for example, the
memory controller 17). Likewise, the command interface receives commands (¢.g., read
command, write command, etc.}, which may be entered on the positive edges of the clock signal,

as well as data, which typically 1s transmitted or received on both positive and negative clock
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edges. In some embodiments, the commands can be of a vanable clock length {e.g., one or more

clocks are used to receive the commands}.

{0015} The clock input circuit 18 receives the one or more clock signals and generates an
mnternal clock signal CLK therefrom. In some embodiments, the internal clock signal C1.K s
supplied to an internal clock generator 30, such as a delay locked loop (BLL) circuit. The
mnternal clock generator 30 generates a phase controlied internal clock signal LCLK based on the
recetved internal clock signal CLK. The phase controlled internal clock signal LCLK s supplied
to the /O interface 16, for instance, and is used as a timing signal for determining an cutput

timing of read data.

{0016} The internal clock signal CLK may also be provided to various other components
within the memory device 10 and may be used to generate various additional internal clock
signals. For mstance, the internal clock signal CLK may be provided to a command decoder 32,
The command decoder 32 may receive command signals from the command bus 34 and may
decode the command signals to provide various mternal conunands. For instance, the command
decoder 32 may provide command signals to the mnternal clock generator 30 over the bus 36 to
coordimate generation of the phase controlled internal clock signal LCLK. The phase controlled

internal clock signal LCLK may be used to clock data through the /O 1nterface 16, for instance.

[0017] Further, the command decoder 32 may decode commands, such as read comumands,
write commands, register set commands, activate conunands, ete., and provide access to a
particular memory partition 12 corresponding to the command, via bus path 39. The command
decoder 32 may also transmi various signals to one or more registers 38 via, for example, bus

path 40 {e g, ove or more global wiring bines). As will be appreciated, the memory device 10
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may mnchide various other decoders, such as row decoders and column decoders, to facilitate
access t¢ the memory partitions 12, In one embodiment, each memory partition 12 includes a
control block 22 which provides the necessary decoding (e.2., row decoder and column decoder),
as well as other features, such as timing control and data control, to facilitate the execution of

commands to and from the memory partitions 12.

{0018} In certain embodiments, the command decoder 32 or other component in the memory
device 10 may provide register commands to the one or more registers 38, which may be utilized
in operations of each memory partition 12, each control block 22 {or partition controller therein},
and the like. For example, one of the one or more registers 38 may operate to define various
modes of programmable operations and/or configurations of the memory device 10. Registers 38
can be mcluded 1n semiconductor devices to define operations for various types of memory
components, such as DRAM, synchronous DRAM, chalcogenide memories {(e.g., PCM) or other
types of memories. The one or more registers 38 may receive various signals from the command
decoder 32 or the hike via global wiring lines 40, The global wiring lines 40 may mclude a
common data path, a common address path, a common write comrand signal path, and a
common read command signal path. The global wiring lines 40 may traverse across the memory
device 10, such that each register 38 may couple to the global wiring lines 46. The additional
registers may involve additional wiring across the semuconductor device {e.g., die}, such that the

registers are commumncatively coupled to the corresponding memory components,

{0019] The one or more registers 38 operate as an example of registers that, when
operation, are accessed or otherwise accessible by the memory controller 17 The registers
accessible by the memory controller 17 can be dispersed across the memory device 10 and the

these registers can represent or contain mformation such as configuration settings of the memory

~3
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device 10 and/or specific components therein, status of the memory device 10 and/or specific
components therein, memory device 10 parameters and/or specific parameters for components of
the memory device 10, as well as predetermined patterns that can be written across the memory
device {e.g., in one or more of the memory partitions 12}, Thus, while the one or more registers
38 15 illustrated in FIG. 1, 1t should be appreciated that additional and/or alternative registers are
iocated in the memory device and these registers are accessible by the memory controller 17 (i.e,,
when in operation, the registers are accessed by the memory controller 17). These accesses by the
memory controller 17 may include, for example, reads of the registers {e.g, read accesses) and/or

writes to the registers {e.g., write accesses).

{0020} The memory device 10 executes operations, such as read commands and write
commands, based on the command/address signals received from an external device, such as a
processor and/or by the memory controller 17, In one embodiment, command/address signals
are clocked to the command interface 14 using clock signals. The command mterface may
meclude a command address input circuit 20 which 1s configured to receive and transmit the
commands to provide access to the memory partitions 12, through the command decoder 32, for
mstance. In addition, the command interface 14 may recetve memory select signals that enable
the memory device 10 o process commands on the mcoming command/address signals. Access

to specific memory partitions 12 within the memory device 10 can be encoded in the commands.

{0021] In addition, the command mterface 14 may be configured to receive a number of
other command signals. For mnstance, a reset command may be used to reset the command
miterface 14, status registers, state machines and the like, during power-up for instance. Various
signals to facilitate testing of the memory device 10 may be provided, as well. For mstance, the

testing signals may be used to place the memory device 10 into 3 test mode for connectivity
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testing. The command interface 14 may also be used to provide an alert signal or ancther alarm
signal to the system processor or controller for certain errors that may be detected. However, in
some embodiments, the VO interface 16 may additionally or alternatively be utilized to transmit

an alert signal, for example, a thermal alert.

{0022} Data may be sent to and from the memory device 10, utilizing the command and
clocking signals discussed above, by transmitiing and receiving data signals through the /O
imnterface 16. More specifically, the data may be sent to or retrieved from the memory partitions
12 over the data path 46, which mcludes a plurality of bi-directional data buses. Data VO signals,
are generally transmitted and recetved in one or more bi-directional data busses to and from the
/O nterface 16, For certain memory devices, such as a DDRS SDRAM memory device, the /O
signals may be divided mto upper and lower bytes; however, such segmentation 1s not required

for other memaory device types.

{0023} As will be appreciated, various other components such as power supply circutts (for
recetving external VDD and VS signals), read/write amplifiers (1o amphify signals during
read/write operations), temperature sensors {for sensing temperatures of the mermory device 10),
etc., roay also be mcorporated nto the memory device 10 in addition to the memory controller 17
accessible registers described above. Accordingly, it should be understood that the block
diagram of FIG. 1 15 only provided to hughlight certain functional features of the memory device

10 to aid 1n the subsequent detailed description.

[0024] In some embodiments, the memory device 10 may be equipped with an additional
register accessible by the memory controller 17, interface register 42, Tt should be appreciatec

that the nterface register 42 18 dlustrated as being disposed m the command intertace 14;
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however, the interface register 42 may alternatively be disposed in a separate location in the
memory device 10, The mnterface register 42 may be, for example, one or more CMOS registers
or another type of register and may operate to store one or more particular data patterns that are
utilized to calibrate an interface, such as the command interface 14. This calibration may be
undertaken periodically, for example, at predetermined times or subsequent to an amount of

usage of the command mnterface 14 and/or the memory device 10,

{0025] The storage of calibration patterns in the interface register 42 can reduce and/or
eliminate storage of the patterns in a memory partition 12. Thus, the interface register 42
(instead of a memory partition 12) may be subject to a high number of reads, which reduces
degradation of memory cell performance in the memory partition 12 that might otherwise occur
were the calibration patterns to be stored therein. Moreover, by utilizing a CMOS register or
another robust register, the interface register 42 is able to withstand a large number of accesses.
Storage of the calibration patterns in the mterface register 42 may additionally free up space in
the memory partitions 12, Finally, location of the calibration patterns in the interface register
may allow for the memory controller 17 to initialize and conduct reads of the patterns from the
mterface register 42 without impacting memory device 10 operations. In this manner, the
memory controller 17 can operate m conjunction with the interface register 42 to calibrate the
mterface (1.e, the command mterface} pertodically, thus preserving the quality of service {1e,,

speed} of the memory device 10,

{86026} In some embodiments, it may be advantageous for the memory controller 17 to access
registers of the memory device 10, such as, for example, the one or more registers 38, the
mterface register 42, and/or additional registers, on-the-fly. This on-the-fly access by the

memory controlier 17 may allow for adpustments to be made to the memory device 10 at an

10
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application level i real ime (1.¢., as the memory device 10 1s n operation). For example, the
temperature of the memory device 10 may be monttored {e. g., via temperature sensors} and an
dication of whether the sensed temperature exceeds a predetermined level may be stored ina
temperature register or another memory controller 17 accessible register. This indication may be
read and used to reduce temperature in the memory device 10, for example, throttling the
operational speed of the memory device 10. Because the operating temperature of the memory
device 10 changes during operation of the memory device 10, real time access {i.e., access
concurrent with the operation of the memory device 10} is beneficial. Accordingly, in some
ernbodiments, the memory countroller 17 operates to access registers of the memory device 10 1
real fime (i.e., concurrently with other operations of the memory device 10). One technique for

this concurrent access 18 described below with respect to FIG. 2.

{0027} FIG. 2 iHustrates an example of a diagram 48 in which register operations are
performed concurrently with operations of the memory device 10, As illustrated, a data read
operation 30 of a location in a memory partition 12 of the memory device 10 15 1mtiated at time
31, While FIG. 2 lustrates a data read operation 50, it should be noted that a similar technigue
to that described below 1s applicable to a write operation {1.e., writing of data to the memory
device 10, specifically one or more of the memory partitions 123, As illustrated in FIG. 2, the
time for the execution of the data read operation 50 including accessing of the data 1n the
memory partition 12 1s illustrated by time period 52, which may represent an array read latency
period {1.¢., the time to access a particular addressed array of 8 memory partition 12}, Time
period 54 (which may occur mumediately subsequent to time period 52) represents the time in
which the accessed data 55 1s read out from the memory device 10, In some embodiments, time

period 56 and time period 58 may occur {respectively) immediately subsequent to time period 54.

11
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Time period 50 represents a timing gap between the end of the accessed data 55 being read out
from the memory device 10 and the reading out of accessed register data 80, which corresponds
to the register data from register read operation 70. Time period 58 represents a timing gap
between the reading out of accessed register data 80 and the execution of another data read
operation, data read operation 60. Time period 62, subsequent to time period 38, represents the
amount of time to initiate and/or transmut the data read operation 60 (e g., a data read operation
command}, for example, from the memory controller 17 to the memory device 10 to access data
at a particular location in a memory partition 12, Time period 64 represents the execution of the
data read operation 60 including accessing of the second data i the addressed memory partition
12, Time period 66 may occur immediately thereafter, whereby time period 66 represents the
time i which the accessed data 68 corresponding to data read operation 60 5 read out from the

memory device 10,

{0028] FIG. 2 iHustrates register operations concurrent with memory device 10 operations
{e.g., a data read from the memory device 10 while imtiating access requesis to registers). As
dlustrated, during the time period 52 (1 e, the array read latency period), the moemory controller
17 can mitiate a register read operation 70 at time 71, That 1s, as the memory controller 17 1s
ssuing no read commands between data read operation 50 and data read operation 60, an input
channel to the memory device 10 15 available. The memory controller 17 can utilize the
available input channel to the memory device 10 1o 1ssue and transmit a register read command
that corresponds to the register read operation 70, In this manner, the register read operation 70
15 interspersed between the data read operation 50 and the data read operation 60 (e g, during

data read operations).

12



WO 2022/164609 PCT/US2022/011468

{0029} As liustrated, register read operation 72, register read operation 74, and register read
operation 70 can be imtiated subsequent to register read operation 70, In one embodiment, the
register read operation 70 1s a read of a first register, the register read operation 72 15 a read of a
second register, the register read operation 74 is a read of a thurd register, and register read
operation 76 1s a read of a fourth register. However, it should be noted that one or more of the
register read operation 70, the register read operation 72, the register read operation 74, and the
register read operation 76 can be of the same (1 e, a common) register while still allowing for
reads without a gap therebetween. Indeed, as illustrated, the memory controller 17 can initiate
one or more of the register read operation 70, the register read operation 72, the register read
operation 74, and the register read operation 76 immediately subsequent to one another, 1.e,,
without timing gaps therebetweeen, so as to increase the nurber of register accesses that can be
performed while the chanuel to the memory device 10 15 free between the data read operation 50

and the data read operation 60,

{0030] Time period 78 may represent a register read latency period (Le., the time to access a
particular addressed register of the memory device 10). Tn some embodiments, the memory
controller 17 may cease to transmit additional read operations subsequent to the time pertod 78
expiring. In other embodiments, the memory controller 17 may be programmed to or may
determine a time at which to cease to transmit additional read operations based upon allowing for
a predetermuned gap of time between the last transmitted register read operation 76 and the data

read operation 60, 50 as to msure that collisions of signals and/or data do not occur.

{0031} Likewise, the memory controller 17 can deterniine or can be programmed to inttiate
the register read operation 70 at a predetermuned time, such as at time 71, Time 71 can be

chosen based upon the register read latency period (1.¢., time period 78), so that there 15 a timing

13
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gap, represented by time period 50, between the accessed data 55 being read out from the
memory device 10 and the reading out of the accessed register data 8¢, which corresponds to the
register data from register read operation 70. This timing gap provided by time period 56 may be
beneficial to insure that collisions of signals and/or data do not occur. In general, time period 56
exists because of differing access times and differing internal paths that the register data and
array data may travel on the die {memory device 10). Thus, in some embodiments, time period
56 may also be zero. The memory controlier 17 inttiating one or more of the register read
operation 70, the register read operation 72, the register read operation 74, and the register read
operation 76 immediately subseguent to one another, 1 e, without timing gaps therebetweeen,
results i the accessed register data 80, the accessed register data 82 {(which corresponds 1o the
register data from register read operation 72), the accessed register data 84 {which corresponds to
the register data from register read operation 74}, and the accessed register data 86 (which
corresponds to the register data from register read operation 760) being transmitted immediately

subsequent to one another.

[0032] Additionally, FIG. 2 llustrates a timing gap, represented by time period 38, between
the accessed register data 86 being read out from the memory device 10 and the reading out of
the accessed data 68 corresponding to the data read operation 60. This timing gap can, for
example, prevent collisions of signals and/or data that might otherwise occur when interspersing
the memory reads and register reads of the memory device 10 that are initiated and controlled by
the memory controller 17, Similar to time period 56, time period 88 also exists because of
differing access times and differing internal paths that the register data and array data may travel

on the die (memory device 10}, Thus, in some embodiments, time period 88 may also be zero.

14
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{0033} As noted above, FIG. 2 illustrates an example of a diagram 48 in which register
operations are performed concurrently with operations of the memory device 10 and s described
in conjunciion with read operations. However, the techniques of FI(G. 2 also apply to write
operations whereby the data read operation 30 and the data read operation 60 instead are data
write operations to write data to specific locations in one or more memory partitions 12 and the
register read operation 70, the register read operation 72, the register read operation 74, and the
register read operation 70 are instead register write operations to specific resisters in the memory
device 10. It should be noted that in conjunction with register write operations, more fiming
gaps ray be deternuned and/or implerented by the memory controller 17, for example, when
the write operations are to configuration registers that modify the behavior of the memory device
itself (1.e., sequential writes may include sufficient tume periods therebetween to allow for the

configuration registers to reflect or execute a modification of the behavior of the memory device).

[0034] Furthermore, while register read operations and array read commands have been
described 1 conjunction with one another and register write operations and array write
operations have heen described 10 conjunction with one another, it should be appreciated that
register read operations may be performed interspersed with {e.g., during) array write commands
and that register write operations may be performed interspersed with {e.g., during) array read
operations. Additionally, 1 conjunction with register write operations, one or more of the
accessed register data 80, the accessed register data 82, the accessed register data 34, and the
accessed register data 86 may not necessarily be present, as the data may be a part of the register

write command 1tself

{0035] Another technique for register accesses duning a memory operation of the memory

device 10 13 illustrated in diagram 90 of FIG. 3. As illustrated, a data read operation S0 of a

Ju—
(9]
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location in a memory partition 12 of the memory device 10 s mnitiated at time 51, While FIG. 3
Hlustrates a data read operation 30, it should be noted that a similar technigue to that described
below s applicable to a write operation {Le., writing of data to the memory device 10,
specifically one or more of the memory partitions 12). As dlustrated in FIG. 3, the time for the
execution of the data read operation 50 including accessing of the data in the memory partition
12 1s dlustrated by ttime period 32, which may represent an array read latency period (i.e., the
time to access a particular addressed array of a memory partition 12). However, in contrast to
the technigque described above with respect to FIG. 2, the memory controller 17 can inifiate a
register read operation 70 at time 92. Time 92 13 set as g predeternuned value transmitted to the
memory controller 17 or may be determined by the memory controller 17, Timoe 92, as
dlustrated, occurs during the array read latency period (Le, time period 52). Time 92 may, for
example, be selected so that the register read operation 70 {1.e., a register read command)},
mclusive of time period 78 representative of a register read latency period (e, the time to access
a particular addressed register of the memory device 10) and the accessed data 80 being read out
from the memory device 10 wholly occurs within the array read latency peniod represented by

time period 52,

{0036] In this manner, both the register read operation 70 and the reading out of the accessed
register data 80 15 performed prior to time 94, where time 94 represents the mitiation of the
accessed data 55 being read out from the memory device 10 in conjunction with the data read
operation 50, Thus, the memory controller 17 can determine or can be programmed to mitiate
the register read operation 70 at a predetermuned time, such as at time 92, Time 92 can be
chosen so that there is a timing gap, represented by time period 96, between the reading out of

the accessed register data 80, which corresponds to the register data from register read operation
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70, and the accessed data 55 being read out from the memory device 10 in connection with the
data read operation 50, This timing gap provided by time period 96 may be beneficial to insure

that collisions of signals and/or data do not occur,

{0037} Additionally, the memory controlier 17 can determine or can be programmed o select
the time 92 based on a number of register read operations to be performed. Thus, ong or more
than one register read operation can be accommodated depending on the timing rules, e.g | size
of gaps for time 92, In this manner, time 92 may represent the time at which the register read
operation 70 1s initiated and an additional one or more register read operations (e.g., register read
operation 72, register read operation 74, register read operation 76} can be iutiated immediately
subsequent to one another, e, without timing gaps therebetweeen. However, the results in the
accessed register data 80 as well as the accessed register data 82 {(which corresponds to the
register data from register read operation 72), the accessed register data 84 {which corresponds to
the register data from register read operation 74}, and the accessed register data 86 (which
corresponds to the register data from register read operation 76), are to be transmitted prior to

time 94 and/or prior to tune period 96,

{0038] For any multiple register accesses undertaken 1o conjunction with the techmuique
outhned in FIG. 3, the accesses can be to the same or ditfering registers. Likewise, while FIG. 3
dlustrates an example of a diagram 90 in which register operations are performed concurrently
with operations of the mnemory device 10 and 1s described in conjunction with read operations,
the techniques of FIG. 3 also apply to write operations whereby the data read operation 50 18
mstead a data write operation to write data to specific locations in one or more memory partitions
12 and the register read operation 70 {or additional register read operation 72, register read

operation 74, and register read operation 70} 1s nstead a register write operations to specific

[y
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resisters in the memory device 10, It should be noted that in conjunction with register write
operations, more timing gaps may be determined and/or implemented by the memory controller
17, for example, when the write operations are to configuration registers that modify the
behavior of the memory device itself (1. e, sequential writes may include sufficient time periods
therebetween to allow for the configuration registers o reflect or execute a modification of the

behavior of the memory device).

{0039} With the foregoing in nund, FIG. 4 ilustrates a flow chart of a method 98 for
accessing a register {e.g., writing data to or reading data from a register) of the memory device
10. 1t should be noted that the method 98 may be performed using the circuit components of FIG.
1 or with a processor in place of or in addition to the memory controller 17 and coupled to the
memory controlier 17. That 15, the processor may be any suitable processing device that may
recewve signals, perform logic functions, execute computer-readable code stored on a computer-
readable medium, and the like. By way of example, the following description of the method 98

i3 described as being performed by a processor or the memory controller 17, but o should be
understood that other suitable component {e.g., logical circutt components) may be used to

perform the method 98

{8040} Referning to FIG. 4, at step 100, memory controller 17 (for example, as controlled via
a processor) mnitiates a memory access. This memory access may include a read operation of
data from a particular memory partition 12 or a write operation of data to a particular memory
partition 12 of the memory device 10, In step 102, the memory controller 17 (for example, as
controlled via a processor) initiates a register access. The register access in step 102 may mclude

a read operation of one register or multiple read operations of one or more than one register of
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the memory device 10, for example, in the manner described above with respect to one of FIG. 2

or FIG. 3.

{0041} In step 104, access to the memory {e.g., reading of data from a memory partition or
writing data to a memory partition 12} 1s completed. In conjunction with FIG. 2, one or more
register read operations, such as register read operation 70, register read operation 72, register
read operation 74, register read operation 76 may be completed prior to accessed data 35 being
read out from the memory device 10 in conjunction with the data read operation 50.
Furthermore, in conjunction with FIG. 2, one or more of the accessed register data 80 (which
corresponds to the register data from register read operation 70}, the accessed register data 82
{which corresponds to the register data from register read operation 72), the accessed register
data 84 (which corresponds to the register data from register read operation 74}, and the accessed
register data 86 (which corresponds to the register data from register read operation 76), may be

completed prior to step 106,

{0042} In step 106, the memory controller 17 {for example, as controlled via a processor)
futiates a memory access, for example, data read operation 60. To conjunciion with FIG. 2, ove
or more of the accessed register data 80 {which corresponds to the register data from register
read operation 70), the accessed register data 82 (whuch corresponds to the register data from
register read operation 72), the accessed register data 84 {(which corresponds to the register data
from register read operation 74), and the accessed register data 86 {which corresponds to the
register data from register read operation 76), may be completed in conjunction with or

subsequent to step 106,
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{0043} Returning to step 104, access to the memory {g.g., reading of data from a memory
partition or writing data to a memory partition 12} s completed. In conjunction with FIG. 3, one
or more register read operations, such as regisier read operation 70, register read operation 72,
register read operation 74, register read operation 76 may be completed prior to accessed data 35
being read out from the memory device 10 in conjunction with the data read operation 50.
Furthermore, in conjunction with FIG. 3, all of the one or more of the accessed register data 80
{which corresponds to the register data from register read operation 70), the accessed register
data 82 (which corresponds to the register data from register read operation 72}, the accessed
register data 84 {which corresponds to the register data from register read operation 74), and the
accessed register data 86 {which corresponds to the register data from register read operation 76),
are corapleted prior to step 106, i which the memory controller 17 {(for example, as controlled

via & processor) initiates a memory access, for example, a data read operation 60,

{8044} While the present disclosure may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of exarople in the drawings
and have been described in detail herein. However, it should be understood that the present
disclosure 13 not mntended to be himited to the particular forms disclosed. Rather, the present
disclosure 15 mntended to cover all modifications, equivalents, and alternatives falling within the

spirit and scope of the present disclosure as defined by the following appended claims.

{0043] The techniques presented and claimned herein are referenced and apphied to matenial
objects and concrete examples of a practical nature that demonstrably mmprove the present
technical field and, as such, are not abstract, mtangible or purely theoretical. Fuorther, if any
claims appended to the end of this specification contain one or more elements designated as

2

“means for {performiing {a function]...” or “step for {performiing [a function]...”, 1t 1s mtended
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that such elements are to be interpreted under 35 U.S.C. 112{f). However, for any claims
containing elements designated in any other manner, it is intended that such elements are not to

be mterpreted under 35 U.S.C. 112(f}.
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What is claimed 1s:

1. A device, comprising;

a memory partition;

a plurality of registers, wherein a first register of the plurality of registers when in
operation controls an operation associated with a memory device comprising the memory
partition; and

a memory controller that when 1n operation accesses a first location of the memory
partition concurrently with accessing the first register.

2. The device of claim 1, wherein the memory controller in operation ingtiates a read of data

from the first location of the memory partition as accessing the memory partition.

3. The device of claim 2, wheremn the memory controller in operation receives the data from

the first location of the memory partition as accessing the memory partition.

4. The device of claim 3, whergin the memory controller in operation mitiates a read of a

value stored in the first register subsequent to initiating the read of the data from the first location

of the memory partition as accessing the first register.

5. The device of claim 4, wherein the memory controller in operation receives the value

from the first register subsequent to receiving the data from the memory partition.
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6. The device of claim 5, wherein the memory controller in operation accesses a second
location of the memory partition or a second memory partition of the semiconductor device

subsequent to receiving the value from the first register.

The device of claim 4, wherein the memory controller in operation receives the value

from the first register prior to receiving the data from the memory partition.

& The device of claim 7, wherein the memory controller in operation accesses a second
location of the memory partition or a second memory partition of the semiconductor device

subsequent to receiving the value from the first register.

9. A device, comprising:

a memory controller that when 1n operation:

imtiates a first access of a first portion of a memory partition at a predetermined
first time;

mtiates a second access of a register at a predetermined second time during a
time period in which the first access of the first portion of the memory partition 18
gccurring, and

mnitiates a third access of a second portion of the memory partition at a
predetermined third time occurring during the first access of the first portion of the

memory partition or subsequent to completion of the first access of the first portion of the
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memory partition or initiates a fourth access of a second memory partition at the

predetermined third time.

10. The device of claim 9, wherein the memory controller when in operation completes
transmission of a read command to the register or a write command to the register as the second
access of the register prior to intiating the third access of the second portion of the memory

partition or the fourth access of the second memory partition at the predetermined third time.

i1 The device of claim 10, wheremn the memory controller when m operation completes
transmussion of a second read command 1o the register or a second write command to the register
as fitth access of the register prior to mitiating the thurd access of the second portion of the
memory partition or inthiating the fourth access of the second memory partition at the

predetermined third fime,

12. The device of claim 10, whergin the memory controller when m operation completes
transmussion of a second read command to a second register or a second write command to the
second register as a fifth access of the register prior to mittating the third access of the second
portion of the memory partition or initiating the fourth access of the second memory partition at

the predetermined third time.

13, The device of claim 9, wheregin the memory controller when in operation receives a value

stored i the register or completes a write of the value to the register as the second access of the
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register prior to initiating the third access of the second portion of the memory partition or

mitiating the fourth access of the second memuory partition at the predetermined third time.

14, The device of claim 13, wherein the memory controller when in operation receives the
value stored in the register as the second access of the register prior to the memory controller
recetving data from the memory partition as the first access of the first portion of the memory
partition.

15 The device of claim 14, wherein the memory controller when in operation completes
transmussion of a read cornomand to a second register prior to the memory controller receiving
data from the memory partition as the first access of the first portion of the memory partition.

16, The device of claim 15, wherein the memory controller when in operation receives a
second value stored 1o the second register prior to the memory controller recetving data from the

memory partition as the first access of the first portion of the memory partition,

17. The device of claim 13, wherein the memory controller when m operation completes the
write of the value to the register as the second access of the register prior to the memory
controller writing data to the memory partition as the first access of the first portion of the

memory partition.

]
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18. The device of claim 17, wherein the memory controller when 1o operation completes
transmission of 3 write command o a second register prior to the memory controlier receiving

data from the memory partition as the first access of the first portion of the memory partition.

19. The device of claim 18, wherein the memory controller when in operation completes the
writing of a second value to the second register prior to the memory controller receiving data

from the memory partition as the first access of the first portion of the memory partition.

20. A method, comprising:

mifiating a memory access of a memory device;

mifiating a register access of the memory device concurrently with the memory access of
the memory device;

completing the memory access of the memory device; and

mifiating a second memory access of the memory device.

21 The method of claim 20, comprising completing the register access of the memory device

prior to completing the memory access of the memory device,
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