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MEMORY CONTROLLER

Technical Field
{80061} The present disclosure relates generally t0 memory devices, and
more pariicularly, to apparatuses and methods using a memory controller, such

as a host memory controller.

Backearound
{8002} Memory devices are typically provided as internal,
semiconductor, integrated circuits in computers or other electronic devices.
There are many different types of memory including volatile and non-volatile
memaory. Volatile memory can require power to maintain 115 data and includes
random-access memory {RAM), dynamic random access memory {DRAM), and
synchronous dynamic random access memory (SDRAM), among others. Non-
volatile memory can provide persistent data by retaining stored data when not
powered and can include NAND flash memory, NOR flash memory, read only
memory {ROM), Electrically Erasable Programmable ROM (EEPROM),
Erasable Programmable ROM (EPROM), and resistance variable memory such
as phase change random access memory (PCRAM), resistive random access
memaory {RRAM)}. and magnetoresistive random access memory {MRAM),
among others.
[B003] Memory 1s also utilized as volatile and non-volatite data storage
for a wide range of electronic applications. Non-volatile memory may be used
n, for example, personal computers, portable memory sticks, digital cameras,
cellular telephones, portable music players such as MP3 players, movie players,
and other electronic devices. Memory cells can be arranged into arrays, with the

arrays being used in memory devices.

Brief Description of the Drawings

[0004] Figure 1 is a block diagram of an apparatus in the form of a
computing system including a memory system in accordance with a number of

ermbodiments of the present disclosure.
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{8005] Figure 2 1s a block diagram of an apparatus in the form of a
computing system including a host memory controller coupled to memory
devices according to embodiments of the present disclosure.

[0006] Figure 3 is a block diagram of an apparatus in the form of a host
memory controller according to embodiments of the present disclosure.

[B067] Figures 4A and 4B are timing diagrams for commands and
signals sent by a host memory controller in accordance with a number of

embodiments of the present disclosure.

Dietarled Description

[O008] The present disclosure includes apparatuses and methods related
to a memory controller, such as a host memory controller. An example
apparatus can include a host memory controller coupled to a first memory device
and a second memory device via a channel, wherein the host memory controlier
is configured to send a first number of commands to the first memory device
using a first device select signal, and send a second number of commands to the
second memory device using a second device select signal.

[0009] In a number of embodiments, a host including a host procassor
can be coupled to a number of memory devices via a channel. The number of
mernory devices can include a number of first memory devices, such as non-
volatile memory, and a number of second memory devices, such as volatile
memory. The host can select commands for execution on the first and/or second
memory devices. Signals associated with commands to be executed on the first
and/or second memory devices can be sent to the first and/or second memory
devices on a command/address bus shared by the first and second memory
devices. The first memory devices can be selected by sending a first device
select signal to the first memory devices on a first device select line and then
subsequent signals sent on the command/address bus will be sent to the first
memory devices. The second memory devices can be selecied by sending a
second device select signal to the second memory devices on a second device
select line and then subsequent signals sent on the coromand/address bus will be
sent to the second memory devices. The device select signals can be used to

select memory devices to account for timing parameters associated with the
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memory devices and/or to account for commands that are support by particular
memory devices.

{0010} In a number of embodiments, a first command can begin
execution by selecting the first memory device using a first device select signal
sent on a first device select line and sending signals associated with the first
command to the first memory device. Timing parameters associated with a first
memory device and a second memory device may allow another command to
begin execution on the second memory device while the first memory device is
executing the first command. While the first memory device 15 executing the
first command, a second command can begin execution by selecting the second
memory device using a second device select signal sent on a second device
select line and signals associated with the second command can be sent to the
second memory device. The host memory controller can send additional signals
for the second command being executed on the second memory device by
sending additional device select signals on the second device select line. In
another ernbodiment, the host memory controller can select the first memory
device via the first device select line and send additional signals associated with
the first command being executed on the first memory device. The host memory
controller can control the timing of when to send signals to the memory devices
based on tining parareters associated with the memory devices using timers on
the host memory controller.

{8011} In a number of embodiments, a first command can begin
execution by selecting the first memory device using a first device select signal
sent on a first device select hine and sending signals associated with the first
command to the first memory device. The signals associated with the first
command can be supported by the first memory device, but may not be
supported by the second memory device. The device select signals sent to the
mermory devices on the device select lines to select which memory devices will
receive signals can be used to send commands to memory devices that support
the commands being sent. A second mermory device can be selected viaa
device select signal sent o the second memory device via a second device select
fine. Signals associated with a conmunand to be executed on the second memory
device can be sent o the second memory device. The signals can be supported
by the second memory device, but may not be supported by the first memory

)
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device. The host memory controller can control which memory devices will
receive signals using state machines on the host memory controller.

{0012} In the following detailed description of the present disclosure,
reference is made to the accompanving drawings that form a part hereof, and in
which ts shown by way of illustration bow a number of emnbodiments of the
disclosure may be practiced. These embodiments are described in sufficient
detail to enable those of ordinary skill in the art to practice the embodiments of
this disclosure, and it is t¢ be understood that other embodiments may be uiilized
and that process, electrical, and/or structural changes may be made without
departing from the scope of the present disclosure. As used herein, the
designators “M”, "N, “87, “T7, “X”, Y7, and “Z” indicate that a number of the
particular feature so designated can be included with a number of embodiments
of the present disclosure.

9013} As used herein, “a number of” something can refer to one or more
of such things. For example, a number of memory devices can refer to one or
more of memory devices. Additionally, designators such as “M”, "N, =87, “T7,
X7, Y7, and 727, as used herein, particularly with respect to reference
numerals in the drawings, indicates that a number of the particular feature so
designated can be included with a number of embodiments of the present
disclosure.

{0014} The figures herein follow a numbering convention in which the
first digit or digits correspond to the drawing figure number and the remaining
digits identify an element or component in the drawing. Similar elements or
components between different figures may be identified by the use of sirmilar
digits. For example, 108 may reference element “08” in Figure 1, and a similar
element may be referenced as 308 in Figure 3. As will be appreciated, elements
shown in the various embodiments herein can be added, exchanged, and/or
eliminated so as to provide a number of additional embodiments of the present
disclosure. In addition, the proportion and the relative scale of the elements
provided in the figures are intended to illustrate various embodiments of the
present disclosure and are not to be used in a limiting sense.

[0015] Figure 1 is a functional block diagram of a computing system
mcluding an apparatus in the form of a number of memory svstems 104-1... 104~

N, i accordance with one or more embodiments of the present disclosure. As
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used herein, an “apparatus” can refer to, but is not limited to, any of a variety of
structures or combinations of structures, such as a circutl or circuiiry, a die or
dice, a module or modules, a device or devices, or a system or systems, for
example. In the embodiment illustrated in Figure 1, memory systems 104-
1...104-N can include a one or more memory devices, such as memory devices
He-L, L TG, 110-Y and memory devices 111-1, .., 111-Z2. Memory
devices 110-1, ., 110-X, 110-Y and memory devices 111-1, ..., 111-Z can
include volatile memory and/or non-volatile memory. For example, memory
devices 110-1, .., 110-X, 110-Y can be non-volatile RRAM memory and
memaory devices 111-1, .. ., 111-Z can be DRAM memory.  In Figwre 1,
memory system 104-1 is coupled to the host via channel 112-1 can include
memory devices 110-1, .., 110-X. In this example, each memory device 110-
L., ., 110-X, 110-Y and 111-1, ..., 111-% includes a controller 114. Controller
114 can receive commands from host 102 and control execution of the
commands on a memory device. Memory devices 110-1, .., 110-X, 110-Y
and 111-1, ..., 111-7 can also include memory device that do not include a
controller on the memory device {e.g., onboard}, such as discreet memory
davices, for example,

016} As illustrated 1o Figure 1, a bost 102 can be coupled to the
memory systems 104-1.. 104-N. In a number of embodiments, sach memory
system 104-1_ . 104-N can be coupled to host 102 via a channel. In Figure 1A,
memory system 104-1 1s coupled to host 102 via channel 112-1 and memory
system 104-N is coupled to host 102 via channel 112-N. Host 102 can be a
faptop computer, personal computers, digital camera, digital recording and
playback device, mobile telephone, PD'A, memory card reader, interface hub,
among other host systems, and can include a memory access device, e.g., a
processor. One of ordinary skill i the art will appreciate that “a processor” can
niend one or more processors, such as a parallel processing system, a number of

COProcessors, etc.

18017} Host 102 includes a controller, e.g., host memory controllers 108~
1, ..., T08-N, to commuricate with memory systems 104-1..104-N. The

controller can be located on the host and/or on another portion of the memory
system. The host memory controller 108 can send commands o memory devices

He-1, ., HI0-X, 110-Y and memory devices 111-1, .. ., 111-% via channels

s
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112-1...112-N. The host memory controtier 108 can communicate with the
memory devices 110-1, .., 110-X, 110-Y and memory devices 111-1, .., 111~
# and/or the controller 114 on each of the memory devices 110-1, .. | 110-X,
110-Y and memory devices 111-1, | 111-Z 1o read, write, and erase data,
among other operations, A physical host interface can provide an interface for
passing conirol, address, data, and other signals between the memory systems
104-1. . 104-N and host 102 having compatible receptors for the physical host
mterface. The signals can be communicated between 102 and memory devices
110-1, .., 110-X, 110-Y and memory devices 111-1, .. ., 111-7Z on a number of

buses, such as a data bus and/or an address bus, for example, via channels 112~

1...112-N.
[0038] In a number of embodiments, a host memory controlier can use a
first address range to address memory devices 110-1, .., 110-X, 110-Y and a

second address range to address memory device 111-1, ..., 111-Z. Fach
memory device can be accessed directly by the host processor 108, where a first
address set {e.g., (xAA AA - OxBB. BB} can be used to access memory devices
110-1, .. ., 110-X, 110-Y and a second address set (e.g., OxCC..CC - 0xDD. DD
can be used to access memory devices 111-1, | 111-Z, for example.

[B019] In a number of embodiments, memory devices 110-1, .., 110-Y
can be the main memory for merory system 104-N and memory devices 111-1,
.. .. 111-Z can be cache for memory system 104-N. The host processor 108 can
access memory devices 110-1, .. ., 110-Y using an address set {e.g., (xAA . AA
- (xDD. DD) and the host processor 108 can include tag imformation for data in
the cache, memory devices 111-1, .. ., 111-7, to locate and/or store data in the
cache. The tag mformation for the cache can also be stored in other memory
devices, such as memory devices 110-1, .., 110-X and/or 111-1, .., 111-Z.
{6020} In a number of embodiments, a first portion of memory devices
110-1, .., 110-Y can be access using a first address sef (e g.. OXAA. AA -
0xBB..BB} and a first portion of memory devices 111-1, .., 111-Z can be
accessed using a second address set (e g, OxCC..CC - 0xDD.DD), for example.
In a number of embodiments, a second portion of memory devices 110-1, ..,
110-Y can be accessed using a third address set {e.g., OxEE EF - OxFF. FF) and
a second portion of memory devices 111-1, .. ., 111-Z can be cache for the

second portion of memory devices memory devices 1i0-4, .. ., 110-X, 110-Y.
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18021} In a number of embodiments, the host memory controller 108 can
control execution of commands by giving priority to commands that are to be
executed on particular roemory devices 110-1, .., 110-X, 110-Y and 111-1, .. .,
111-Z based on the type of memory device. The host memory controlier 108
can give priority to commands based on the address set of the commands, where
commands with addresses in the first address set associated with particalar
mermory device may be given priority over comunands with addresses inthe a
second address set associated with a different memory device. The priority
assigned to the commands can be changed based on a number of commands in a
command gueue and types of commands in a commmand queue. The priority
assignments can be programmed as the memory devices are being started and
they are not changed until the memory devices are shut down and started again.
Also, the priority assignments can be changed while the memory device are
being operated based on the number and types of commands that the host is
sending to the memory devices. In a number of embodiments, priority
assignments can be modified based on the applications that are being serviced by
the host memory controller.

0022} Memory condrollers, such as host memory controller 108 and/or
coniroller 114 on a memory device, can include control circuitry, e.g., hardware,
firmware, and/or software. In one or more embodiments, the host memory
controlier 108 and/or controller 114 on a memory device can be an application
spectfic integrated circuit { ASIC) coupled to a printed circutt board inchuding a
physical interface.

[8023] Memory devices 110-1, .. ., 110-X, 110-Y and memory devices
111-1, ..., 111-Z can provide main memory for the memory sysiem or could be
used as additional memory or storage throughout the memory system. Each
memory device 110~1, . . ., 110-X, 110-Y and memory device 111-1, .. | 111-2
can include one or more arravs of memory cells, e.g.. non-volatile memory cells.
The arrays can be flash arrays with a NAND architecture, for example.
Embodiments are not limited to a particular type of memory device. For
mstance, the memory device can include RAM, ROM, DRAM, SDRAM,
PCRAM, RRAM, and flash memory,. among others.

[B024] The embodiment of Figure | can mnclude additional circuitry that

1s not iHustrated so as not to obscure embodiments of the present disclosure. For
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example, the memory systems 104-1... 104-N can include address circuitry to
Jatch address signals provided over /O connections through IO circuitry.
Address signals can be received and decoded bv a row decoder and a column
decoder to access the memory devices 110-1, ., 110-X, 110-Y and memory
devices 111-1, .. ., 111-Z. Tt will be appreciated by those skilled in the art that
the number of address mput connections can depend on the density and
architecture of the memory devices 110-1, .. ., 110-X, 110-Y and memory
devices 111-1, . . ., 111-Z. In a number of embodiments, memory devices 110-1,
.., PEG-X 110-Y can have storage densities that are different than the storage
density of memory devices 111-1, .. ., 111-Z. Also, memory devices 110-1, ..,
110-X, 11¢-Y can use a different number of address signals than memory
devices 111-1, .. ., 111-Z.

[0025) Figure 2 is a block diagram of an apparatus in the form of a
computing system including a host memory controller coupled to memory
devices according {6 embodiments of the present disclosure. In Figure 2, host
memory controller 208 1s coupled to a first memory device 210 via data bus 226,
command/address bus 228, and a first device select line 222, Host memory
controller 208 1s coupled to a second memory device 211 via data bus 226,
command/address bus 228, and a second device select ling 224, Host memory
controller can select memory device 210 by sending a device select signal to
mermory device 210 via device select line 222, Host memory controller can
select memory device 211 by sending a device select signal to memory device
211 via device select line 224

[08026] Figure 3 1s a block diagram of an apparatus in the form of a host
memory conirolier according to embodiments of the present disclosure. In
Figure 3, host memory controller 308 includes host port 332, which can be
coupled to a host processor. Host port 332 can receive commands from a host
processor and place them in command queue 338, Commands from command
queus 338 can be sent to memory devices via channel control 340. Channel
control 340 can include state machines 342-1, ., 342-T. Commands can be
selected for execution on a set of the stale machines 342-1, .. ., 342-T.
Particular sets of state machines 342-1, . . ., 342-T can be associated with
particular memory devices. For example, a first set of state machines 342-1, . . .,

342~ can be used to execute commands on a first memory device {e.g.. memory

8
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~

device 110-1 in Figure 1} and a second set of state machines 342-1, . . ., 342-T
can be used to execute comuands on a second memory device {(e.g., memory
device 111-11n Figure 1)

0027} The commands can be sent from state machines 342-1, . . ., 342-T
to the memory devices via arbiter 344 and physical interface 346 of the host
memory controller 308, Physical interface 346 can include tirners 348-1, . . .,
348-S. Particular sets of timers 348-1, . . ., 348-8 can be associated with
particular memory devices. For example, a first set of timers 348-1, . . ., 348-8
can be used to control the timing of commands on a first memory device {e.g.,
memaory device 110-1 in Figure 1) and a second set of timers 348-1, . ., 348-8
can be used to control the timing of commands on a second memory device (e.g.,
memory device 111-1 in Figure 1). The first memory device may have different
timing parameters than the second memory device, therefore timers 348-1, .. .,
348-5 can be configured fo include a number of timing parameters that control
the timing of commands on a different memory devices. The commands from
the host memory countrolier 308 can be sent to memory devices via data bus 326
and/or comymand/address bus 328, Data associated with the coromands can be
stored in write data buffer 334 on the controller and sent from the host to
memory devices via data bus 326, Also, data associated with the commands can
be received at the host from memory devices via data bus 326 and stored in read
data buffer 336.

{0028} Figures 4A and 4B are timing diagrams for commands and
signals sent by a host memory controller in accordance with a number of
ernbodiments of the present disclosure. In Figure 4A, a host memory controller
can send signals to a first memory device {e.g., memory device 110-1 in Figure
1) and/or a second memory device (e.g., memory device 111-1 in Figure 1)
based on the timing parameters associated with memory devices. Device select
signals can be sent to a first memory device via device select line 424, along
with activate commands 454-1 and 454-2. The device select signals sent can
mdicate that activate cornmands 454-1 and 454-2 are {or the first memory
device(s) coupled to the host via device select ine 424, The timing parameters
associated with the performing commands on the first device can include an
activate to read time (11) 450 that allows for another command o be activated

and/or executed on the second memory device during activate to read time 450

9
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{8029} The host memory controller can start execution of a command on
a second memory device by sending device select signals to a second memory
device via device select line 422, along with activate commmands 458-1 and 458-
2. The execution of the command on the second memory device can occur right
afier the activate commands 454-1 and 454-2 or after a period of time, as
mdicated by deselect signal 456. Activate to read time {12} 452 for the second
memory device is such that the second memory device will be ready to continue
execution of the commmand before the first memory device will be ready to
continue execution of its command, therefore device select signals can be sent {o
the second mernory device along with device command signal 460 and address
signal 462 on command bus 426 for the second memory device command. The
execution of the command on the second memory device can continue right after
the activate commands 458-1 and 4358-2 or after a period of time, as indicated by
deselect signal 456.

18030} Druring the time where aciivate commands 458-1 and 458-2,
command signal 460, and address signal 462 were sent to the second memory
device, the first memory device is nearing the end of activate to read time (G;)
450. The host memory controller can continue execution of a command on the
first memory device by sending device select signals can be sent to the first
mernory device along with command signal 464 and address signal 466 to the
first memory device on command bus 426. The execution of the command on
the first memory device can continue right after device command signal 460 and
address signal 462 or after a period of tirne, as indicated by deselect signal 456,
{0031} In Figure 4B, a host memory controller can send signals to a first
memory device {e.g., memory device 110-1 in Figure 1} and/or a second
memory device {e.g., memory device 111-1 in Figure 1} based on the type of
commands that the memory devices supported by the memory devices. For
example, a first memory device mayv not support a command that is supported by
a second memory device. The device select signals sent to the memory devices
via device select lines can be used to select the device that will receive
commands supported by the selected memory device,

{0032} In Figure 4B, device select signals can be sent to a first memory
device via device select line 422, along with activate commands 458-1 and 438-

2. The device select signals sent can indicate that activate conwnands 458-1 and
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458-2 are for the first memory device(s) coupled to the host via device select line
422. The first memory device can be configured to support activate commands
458-1 and 458-2.

[0033] The host memory controller can start execution of a command on
a second memory device by sending device select signals {o a second memory
device via device select line 424, along with activate commands 454-1,454-2,
and 454-3. The execution of the command on the second memory device can
continue right after activate signals 458-1 and 438-2 or after a period of time, as
mdicated by deselect signal 456, The command being executed on the second
memory device may include activate commands 454-1,454-2, and 454-3, which
might not be supported by the first memory device. The device select signals
sent to the second memory device via select line 424 can select the second
device for receiving activate commands 454-1,454-2, and 454-3, which are
supported by the second memory device.

{8034} The command selected for execution by the host on the first
memory device can continue after sending activale commands 454-1,454-2, and
454-3 to the second memory device. The host memory controller can continue
execution of the command on the first memory device by sending device select
signals to the first memory device via device select line 422 {o select the first
mernory device for receiving command signal 460 and address signal 462 via
command bus 426. The execution of the command on the first memory device
can continue right after activate signals 458-1, 458-2 and 458-3 or after a pertod
of time, as indicated by deselect signal 456

{0035] Although specific embodiments have been illustrated and
described herein, those of ordinary skill in the art will appreciate that an
arrangement calculated to achieve the same results can be substituted for the
specific embodiments shown. This disclosure 1s intended to cover adaptations or
vartations of various embodiments of the present disclosure. His to be
understood that the above description has been made in an ilfustrative fashion,
and not g restrictive one. Combination of the above embodiments, and other
erobodiments not specifically described herein will be apparent to those of skill
n the art upon reviewing the above description. The scope of the various
embodiments of the present disclosure includes other applications in which the

above structures and methods are used. Therefore, the scope of various

11



WO 2018/231744 PCT/US2018/036988

embodiments of the present disclosure should be determined with reference to
the appended claims, along with the full range of equivalents to which such
claims are entitled.

[0036] In the foregoing Detailed Description, various features are
grouped together in a single embodiment for the purpose of streamiining the
disclosure. This method of disclosure i1s not to be interpreted as reflecting an
miention that the disclosed embodiments of the present disciosure have 1o use
more featires than are exprassly recited in each claim. Rather, as the following
claimos reflect, inventive subject matier es in less than all features of a single
disclosed embodiment. Thus, the following claims are hereby incorporated into
the Dretailed Description, with each claim standing on 1S own as a separate

embodiment.
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What i1s claimed is:

1. An apparatus, comprising:

a host memory controller coupled to a first memory device and a second
memaory device via a channel, wherein the host memory controlier is configured
to:

send a {irst number of commands 1o the first memory device
using a first device select signal; and
send a second number of commands to the second memory device

using a second device select signal.

2. The apparatus of claim 1, wherein the channel includes data lines and
command lines that couple the host memory controller to the first memory

device and the second memory device.

3. The apparatus of claim 1, wherein the channel includes a first device
select line that couples the host memory controller to the first memory device
and wherein the channel includes a second device select line that couples the

host memory controller to the second memory device.

4. The apparatus of any one of claims 1-3, wherein the first number of
conmmands are sent to the first memory device on commands lines shared by the
first memory device and the second memory device in response the host memory

controller sending the first device select signal.

5. The apparatus of any one of claims 1-3, wherein the second number of
commands are sent 1o the second memory device on commands iines shared by
the first memory device and the second memory device in response the host
mermory controller sending the second device select signal based on timing

parameters associated with the second memory device.
6. An apparatus, comprising:

a first memory device;

a second memory device; and

13



WO 2018/231744 PCT/US2018/036988

a host memory controlier coupled to the first memory device and the
second memory device via a channel, wherein the host memory countroller is
configured to:

send a first comimand to the first memory device; and
send a second comnmand to the second memory device prior {o
sending another command to the first memory device due to timing parameters

associated with the second memory device.

7. The apparatus of claim 6, wherein the second memory device is activated
and ready to receive the second commmand prior to the first memory device being

activated.

8. The apparatus of any one of claims 6-7, wherein the host memory
controller is configured to send a third command to the first memory device after
sending the second command {o the second memory device and in response {o

the first memory device being activatled and ready 1o receive the third command.

9. The apparatus of any one of claims 6-7, wherein the first command is
selected for execution on the first memory device by a siate machine on the host

mernory controller based on an address associated with the first command.

10.  The apparatus of any one of claims 6-7, wherein the first command and
the second command are sent using a number of timing registers on the host

memaory controller.

11 An apparatus, comprising:
a first memory device;
a second memory device; and
a host memory controlier coupled to the first memory device and the
second memory device via a channel, wherein the controller is configured to:
select an operation for execution on the first memory device
based on the operation including a particular type of command; and
send a first cormmand associated with the operation to the first

merory device.

14
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12, The apparatus of claim 11, wherein the first command is send to the f{irst
memory device using a first select signal in response to a state machine selecting

the first memory device for executing of the operation.

13, The apparatus of any one of claims 11-12, wherein the first coramand 1s
sent to the first memory device along with other commands associated with the
operation based on timing parameters associated with the first memory device

and timing parameters associated with the second memory device.

14. The apparatus of claim 11, wherein the first memory device is mapped to
a first range of addresses by the host memory controller and the second memory

device is mapped 1o a second ranged of addresses by the host memory controller.,

15. The apparatus of claim 11, wherein the first memory device is mapped to
a range of addresses by the host memory controller and the second memory

device acts as cache for the first memory device,

16. A method, comprising;

selecting a first mermory device to execute a first operation by sending a
first device select signal to the first memory device;

sending a first number of commands associated with the first operation o
the first memory device in response to sending the first device select signal.
17. The method of claim 16, further including selecting a second memory
device 1o execuie a second operation by sending a second device select signal to

the second memory device,

18. The method of claim 17, further including sending a second number of
commands associated with the second operation to the second memory device

based on timing parameters of the first memory device.

19, The method of claim 17, further including sending a second number of

conruands associated with the second operation to the second first memory

[
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device prior to the first number of commands being executed by the first

memory device.

20.  The method of claim 16, wherein sending the first number of commands
associated with the first operation to the {irst memory device includes sending a
portion of the first number of commands that are not executable by the second

mermory device.

21 A wmethod, comprising:

sending a first activate command from a host memory controller to a first
memory device using on a first timer on the host memory controller associated
with the first memory device; and

sending a second activate command and a first access command from the
host memory controller to a second memory device prior to sending another
command to the first memory device using on a second timer on the host

memory controller associated with the second memory device.

22. The method of claim 21, including sending the first activate command to
the {irst memory device based on priority given {o commands o be executed on

the first memory device.

23. The method of claim 21, including sending the first activate command to
the first memory device based on the second memory device receiving a

particular number of prior commands consecutively.



WO 2018/231744 PCT/US2018/036988
: 1/4
102~ 104-1~
HOST |
|
HOST MEMORY 1 114 110-X
CONTROLLER CONTROLLER
1081 X 110-2
. ~110-1
104-N~
|
|
110-Y
114——~ CONTROLLER
. \ 110-2
N~110-1
HOST MEMORY 112-M .
CONTROLLER | |« Do,
108-N 1112
114 CONTROLLER
. 111-2
N-111-1

Fig. 1



WO 2018/231744

326—/1

Fig. 3

PCT/US2018/036988
. 2/4
208~ 222 A—210
226~
HOST
CONTROLLER S
) 7
228
24— T2
Fig. 2
308—
332 HOST PORT
Y 4
COMMAND 1338
QUEUE
WRITE READ
334— DATA DATA 1336
BUFFER BUFFER Y
CHANNEL  1—340
CONTROL
Va2 || [“a423 [N—sa2T
342-2—1 |
ARBITER 344
Y lf 348-1 ] (348-8
346—~  PHY INTERFACE S '
]
3482



PCT/US2018/036988

WO 2018/231744

3/4

Vi Sl
9G¥ 9G¥ 9G¥ 9G¥
/ ?Sv ﬂvov ﬂNov ﬂ%v ﬂN-mmv ﬂh-mmv ﬂN.vmv ﬁh-vmv
HXmm._m_x N,-w<o x Pum_<m_m_ S3d N_-w<o x Pum_<m_m_ S3d N-m_w<>_5<xr-m_w<>_5< S3d N-m_p<>_5<xr-m_p<>_ko<
B 257~ 057~ 0 %
{ N“_ {l /L

)

S

|/

4
aNYIINOD

crey
ININTSO

4
ONIN™SO




PCT/US2018/036988

WO 2018/231744

4/4

9
ﬂN 9 ﬂcmv

gy ‘o1

9

Hx ¢SO x |-av3d S

14
)

(T8sy sy
N-m_._..<>_._.o<x Tm_._,.<>_._.o<

o
(EVSY (VS LS
m-m_._,.<>_._.o<xN-m_.,_.<>_._.o<xTm_.,_.<>_._.o< $3d

SARVARWA'

4
aNYIAINOD

ey
HNINTSO

L4
ONINSO




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2018/036988

A. CLASSIFICATION OF SUBJECT MATTER
GO6F 13/16(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO6F 13/16; GO6F 012/00; GO6F 1/12; GO6F 13/00; GO6F 17/00; GO6F 19/00; G11C 7/22

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

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

Electromic data base consulted during the international search (name of data base and, where practicable, search terms used)
¢eKOMPASS(KIPO internal) & Keywords: controller, second memory, time parameter, channel, select, and similar terms.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See paragraphs [0040]-[0055]; claim 1; and figures 6-12.

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2005-0144375 A1 (KULJIT S. BAINS et al.) 30 June 2005 1-4,11-12,14-17, 20
See paragraphs [0015], [0020], [0036]; claims 1-2, 9; and figures 4a, 6.
Y 5-10,13,18-19
,21-23
Y US 2006-0217865 A1 (RICHARD SANDERS) 28 September 2006 5-10,13,18-19
See paragraphs [0014], [0016], [0024]-10025]; and figures 1-2. ,21-23
A US 2013-0124904 A1 (DAVID T. WANG et al.) 16 May 2013 1-23
See paragraphs [0029]-[0054]; claim 2; and figures 2A-4B.
A US 20140286107 A1 (TORU ISHIKAWA) 25 September 2014 1-23
See paragraphs [0056]-[0073]; claim 1; and figures 5-11.
A US 2002-0184461 A1 (JOHN F. ZUMKEHR) 05 December 2002 1-23

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

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

carlier application or patent but published on or after the international
filing date

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

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

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

g

"

o

wpn

wpn

gn

myn

ngn

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

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

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

document member of the same patent family

Date of the actual completion of the international search
01 October 2018 (01.10.2018)

Date of mailing of the international search report

01 October 2018 (01.10.2018)

Name and mailing address of the ISA/KR
p International Application Division
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No, +82-42-481-8578

Authorized officer

NHO, Ji Myong

Telephone No.

+82-42-481-8528

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2018/036988
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2005-0144375 Al 30/06/2005 US 7281079 B2 09/10/2007
US 2006-0217865 Al 28/09/2006 US 7685333 B2 23/03/2010
US 2013-0124904 Al 16/05/2013 AT 376407 T 15/11/2007
AT 554447 T 15/05/2012
AU 1463999 A 15/06/1999
AU 2003-213462 Al 14/08/2003
AU 2003-213462 B2 12/01/2006
AU 2008-276140 Al 22/01/2009
AU 2008-276140 B2 12/04/2012
AU 2008-276140 C1 25/10/2012
AU 2009-210636 Al 13/08/2009
AU 2009-210636 B2 28/08/2014
AU 2011-101615 A4 19/01/2012
AU 760036 B2 08/05/2003
CA 2309729 Al 03/06/1999
CA 2309729 C 12/02/2008
CA 26932565 Al 22/01/2009
CA 2713504 Al 13/08/2009
CN 101802012 A 11/08/2010
CN 101802012 B 06/08/2014
CN 101981055 A 23/02/2011
CN 101981055 B 09/03/2016
CN 103819560 A 28/05/2014
CN 103819560 B 04/01/2017
CN 104650230 A 27/05/2015
CN 106432496 A 22/02/2017
DE 112006001810 Tb5 21/08/2008
DE 112006002300 B4 19/12/2013
DE 112006002300 T5 10/07/2008
DE 112006004263 A5 13/12/2012
DE 112006004263 B4 13/05/2015
DE 202010017690 U1 29/05/2012
DE 69838619 T2 06/03/2008
DK 1033952 T3 11/02/2008
DK 1033952 T4 13/01/2014
DK 1852094 T3 07/07/2014
DK 2005303 T3 23/07/2012
DK 2450798 T3 27/01/2014
DK 2450800 T3 07/07/2014
DK 2458505 T3 01/12/2014
DK 2696290 T3 15/02/2016
EP 1033952 Al 13/09/2000
EP 1033952 A4 12/12/2001
EP 1033952 Bl 24/10/2007
EP 1033952 B2 02/10/2013
EP 1852094 Al 07/11/2007
EP 1852094 B1 16/04/2014

Form PCT/ISA/210 (patent family annex) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2018/036988
Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 20056303 A2 24/12/2008
EP 2005303 B1 18/04/2012
EP 2054803 A2 06/05/2009
EP 2176296 Al 21/04/2010
EP 2176296 B1 01/02/2012
EP 2247620 Al 10/11/2010
EP 2247620 B1 18/05/2016
EP 2441007 Al 18/04/2012
EP 2442309 A2 18/04/2012
EP 2442309 A3 23/01/2013
EP 2442310 A2 18/04/2012
EP 2442310 A3 24/04/2013
EP 2450798 Al 09/05/2012
EP 2450798 B1 30/10/2013
EP 2450800 Al 09/05/2012
EP 2450800 B1 23/04/2014
EP 2458505 Al 30/05/2012
EP 2458505 Bl 08/10/2014
EP 2474557 A2 11/07/2012
EP 2474557 A3 26/12/2012
EP 2474557 Bl 20/08/2014
EP 2502937 A2 26/09/2012
EP 2502937 A3 20/03/2013
EP 2502937 B1 06/04/2016
EP 2657253 A2 30/10/2013
EP 2657253 A3 16/04/2014
EP 2657253 Bl 19/07/2017
EP 2696290 Al 12/02/2014
EP 2696290 B1 23/12/2015
EP 2706461 Al 12/03/2014
EP 3269737 Al 17/01/2018
EP 3276495 Al 31/01/2018
ES 2294824 T3 01/04/2008
GB 2441726 A 12/03/2008
GB 2441726 B 11/08/2010
GB 2444663 A 11/06/2008
GB 2444663 B 07/12/2011
IL 203142 A 31/10/2010
IL 203142 B 26/02/2015
IL 207184 A 30/12/2010
IL 219268 A 28/06/2012
IL 219268 B 26/02/2015
JP 05205280 B2 05/06/2013
JP 05242397 B2 24/07/2013
JP 05469600 B2 16/04/2014
JP 05671665 B2 18/02/2015
JP 05723392 B2 27/05/2015
JP 05730251 B2 03/06/2015
JP 05730252 B2 03/06/2015
JP 05835897 B2 24/12/2015

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2018/036988
Patent document Publication Patent family Publication
cited in search report date member(s) date

JP 05874119 B2 02/03/2016
JP 06092133 B2 08/03/2017
JP 2001-523517 A 27/11/2001
JP 2008-207004 A 11/09/2008
JP 2008-544437 A 04/12/2008
JP 2009-507324 A 19/02/2009
JP 2009-526323 A 16/07/2009
JP 2010-533496 A 28/10/2010
JP 2011-514146 A 06/05/2011
JP 2012-238376 A 06/12/2012
JP 2013-012232 A 17/01/2013
JP 2013-012233 A 17/01/2013
JP 2013-136590 A 11/07/2013
JP 2014-122222 A 03/07/2014
JP 2014-139173 A 31/07/2014
JP 2014-194795 A 09/10/2014
JP 2017-019793 A 26/01/2017
JP 4571303 B2 27/10/2010
KR 10-1303518 Bl 03/09/2013
KR 10-1318116 Bl 14/11/2013
KR 10-1343252 Bl 18/12/2013
KR 10-1377305 Bl 25/03/2014
KR 10-1404926 Bl 10/06/2014
KR 10-1429869 Bl 12/08/2014
KR 10-1463375 Bl 18/11/2014
KR 10-1486615 Bl 28/01/2015
KR 10-1607346 Bl 29/03/2016

KR 10-2008-0039466 A 07/05/2008
KR 10-2008-0039877 A 07/05/2008
KR 10-2008-0108975 A 16/12/2008
KR 10-2012-0044383 A 07/05/2012
KR 10-2013-0033456 A 03/04/2013
KR 10-2013-0141693 A 26/12/2013
KR 10-2014-0037283 A 26/03/2014
KR 10-2014-0056349 A 09/05/2014

US 2007-014168 Al 18/01/2007
US 2007-050530 Al 01/03/2007
US 2007-058410 Al 15/03/2007
US 2007-058471 Al 15/03/2007
US 2007-192563 Al 16/08/2007
US 2007-195613 Al 23/08/2007
US 2007-204075 Al 30/08/2007
US 2008-010435 Al 10/01/2008
US 2008-025122 Al 31/01/2008
US 2008-025123 Al 31/01/2008
US 2008-025124 Al 31/01/2008
US 2008-025125 Al 31/01/2008
US 2008-025137 Al 31/01/2008
US 2008-027697 Al 31/01/2008
US 2008-027702 Al 31/01/2008

Form PCT/ISA/210 (patent family annex) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2018/036988
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2008-027703 Al 31/01/2008
US 2008-028136 Al 31/01/2008
US 2008-028137 Al 31/01/2008
US 2008-031030 Al 07/02/2008
US 2008-031072 Al 07/02/2008
US 2008-037353 Al 14/02/2008
US 2008-056014 Al 06/03/2008
US 2008-062773 Al 13/03/2008
US 2008-082763 Al 03/04/2008
US 2008-086588 Al 10/04/2008
US 2008-103753 Al 01/05/2008
US 2008-104314 Al 01/05/2008
US 2008-109206 Al 08/05/2008
US 2008-109595 Al 08/05/2008
US 2008-109597 Al 08/05/2008
US 2008-109598 Al 08/05/2008
US 2008-115006 Al 15/05/2008
US 2008-120443 Al 22/05/2008
US 2008-123459 Al 29/05/2008
US 2008-126687 Al 29/05/2008
US 2008-126688 Al 29/05/2008
US 2008-126689 Al 29/05/2008
US 2008-126690 Al 29/05/2008
US 2008-126692 Al 29/05/2008
US 2008-133825 Al 05/06/2008
US 2008-170425 Al 17/07/2008
US 2008-239857 Al 02/10/2008
US 2008-239858 Al 02/10/2008
US 2009-024789 Al 22/01/2009
US 2009-024790 Al 22/01/2009
US 2009-028856 Al 29/01/2009
US 2009-216939 Al 27/08/2009
US 2009-285031 Al 19/11/2009
US 2009-290442 Al 26/11/2009
US 2010-020585 Al 28/01/2010
US 2010-215669 Al 26/08/2010
US 2010-257304 Al 07/10/2010
US 2010-281280 Al 04/11/2010
US 2011-095783 Al 28/04/2011
US 2011-135667 Al 09/06/2011
US 2011-310686 Al 22/12/2011
US 2012-008436 Al 12/01/2012
US 2012-011310 A1 12/01/2012
US 2012-011386 Al 12/01/2012
US 2012-042204 Al 16/02/2012
US 2012-102292 Al 26/04/2012
US 2012-109621 Al 03/05/2012
US 2012-124277 Al 17/05/2012
US 2012-124281 Al 17/05/2012
US 2012-147684 Al 14/06/2012

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2018/036988
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2012-201088 Al 09/08/2012
US 2012-206165 Al 16/08/2012
US 2012-226924 Al 06/09/2012
US 2012-233395 Al 13/09/2012
US 2012-268982 Al 25/10/2012
US 2013-007399 Al 03/01/2013
US 2013-100746 Al 25/04/2013
US 2013-103377 Al 25/04/2013
US 2013-103896 Al 25/04/2013
US 2013-103897 Al 25/04/2013
US 2013-117495 Al 09/05/2013
US 2013-132645 Al 23/05/2013
US 2013-132661 Al 23/05/2013
US 2013-132779 Al 23/05/2013
US 2013-191585 Al 25/07/2013
US 2014-192583 Al 10/07/2014
US 2016-048466 Al 18/02/2016
US 2017-075831 Al 16/03/2017
US 7379316 B2 27/05/2008
US 73866b6 B2 10/06/2008
US 7392338 B2 24/06/2008
US 7472220 B2 30/12/2008
US 7515453 B2 07/04/2009
US 7580312 B2 25/08/2009
US 7581127 B2 25/08/2009
US 7590796 B2 15/09/2009
US 7599205 B2 06/10/2009
US 7609567 B2 27/10/2009
US 7730338 B2 01/06/2010
US 7761724 B2 20/07/2010
US 7990746 B2 02/08/2011
US 8019589 B2 13/09/2011
US 8041881 B2 18/10/2011
US 8055833 B2 08/11/2011
US 8060774 B2 15/11/2011
US 8077535 B2 13/12/2011
US 8081474 Bl 20/12/2011
US 8088378 B2 03/01/2012
US 8089795 B2 03/01/2012
US 8090897 B2 03/01/2012
US 8111566 Bl 07/02/2012
US 8112266 B2 07/02/2012
US 8122207 B2 21/02/2012
US 8130560 Bl 06/03/2012
US 8169233 B2 01/05/2012
US 8181048 B2 15/05/2012
US 8209479 B2 26/06/2012
US 8213205 B2 03/07/2012
US 8244971 B2 14/08/2012
US 8279690 B1 02/10/2012

Form PCT/ISA/210 (patent family annex) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2018/036988
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 8280714 B2 02/10/2012
US 8327104 B2 04/12/2012
US 8335894 B1 18/12/2012
US 8340953 B2 25/12/2012
US 8359187 B2 22/01/2013
US 8370566 B2 05/02/2013
US 8386722 Bl 26/02/2013
US 8386833 B2 26/02/2013
US 8397013 B1 12/03/2013
US 8407412 B2 26/03/2013
US 8438328 B2 07/05/2013
US 8439883 Bl 14/05/2013
US 8446781 Bl 21/05/2013
US 8545850 B2 01/10/2013
US 8566516 B2 22/10/2013
US 8566bb6 B2 22/10/2013
US 8582339 B2 12/11/2013
US 8595419 B2 26/11/2013
US 8601204 B2 03/12/2013
US 8615679 B2 24/12/2013
US 8619452 B2 31/12/2013
US 8631193 B2 14/01/2014
US 8631220 B2 14/01/2014
US 8667312 B2 04/03/2014
US 8671244 B2 11/03/2014
US 8675429 Bl 18/03/2014
US 8705240 B1 22/04/2014
US 8710862 B2 29/04/2014
US 8722857 B2 13/05/2014
US 8730670 Bl 20/05/2014
US 8745321 B2 03/06/2014
US 8751732 B2 10/06/2014
US 8760936 Bl 24/06/2014
US 8762675 B2 24/06/2014
US 8773937 B2 08/07/2014
US 8796830 Bl 05/08/2014
US 8797779 B2 05/08/2014
US 8811065 B2 19/08/2014
US 8819356 B2 26/08/2014
US 8868829 B2 21/10/2014
US 8949519 B2 03/02/2015
US 8972673 B2 03/03/2015
US 8977806 Bl 10/03/2015
US 9047976 B2 02/06/2015
US 9171585 B2 27/10/2015
US 9507739 B2 29/11/2016
US 9542352 B2 10/01/2017
US 9542353 B2 10/01/2017
US 9632929 B2 25/04/2017
US 9727458 B2 08/08/2017

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2018/036988
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2014-0286107 Al 25/09/2014 JP 2012-008881 A 12/01/2012
US 2011-0317495 Al 29/12/2011
US 2013-0279270 Al 24/10/2013
US 2013-0286750 Al 31/10/2013
US 8514635 B2 20/08/2013
US 8665653 B2 04/03/2014
US 8780643 B2 15/07/2014
US 8947943 B2 03/02/2015
US 2002-0184461 Al 05/12/2002 US 6629225 B2 30/09/2003

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report

