
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2014/058994 A2
17 April 2014 (17.04.2014) P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GUC 11/16 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

PCT/US20 13/064088 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

9 October 2013 (09. 10.2013) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(25) Filing Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(30) Priority Data: ZW.
61/712,552 11 October 2012 ( 11. 10.2012) US

(84) Designated States (unless otherwise indicated, for every
(71) Applicant: EVERSPIN TECHNOLOGIES, INC. kind of regional protection available): ARIPO (BW, GH,

[US/US]; 1347 N. Alma School Rd., Suite 220, Chandler, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
Arizona 85224 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,(72) Inventors; and
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,(71) Applicants : ANDRE, Thomas [US/US]; 3508 Latimer
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

Drive, Austin, Texas 78732 (US). ALAM, Syed M.
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

[US/US]; 9500 Jollyville Road, Apt. 188, Austin, Texas
KM, ML, MR, NE, SN, TD, TG).

78759 (US). LIN, Halbert S. [US/US]; 10124 Andora
Drive, Austin, Texas 78717 (US). Published:

(74) Agent: KOCH, William E.; Ingrassia Fisher & Lorenz, — without international search report and to be republished
P.C., 7010 E. Cochise Rd., Scottsdale, Arizona 85253 upon receipt of that report (Rule 48.2(g))
(US).

(54) Title: MEMORY DEVICE WITH TIMING OVERLAP MODE

\

m m

* *

<

00 FIG. 1
o

(57) Abstract: In some examples, a memory device is configured to receive a precharge command and an activate command. The
© memory device performs a first series of events related to the precharge command in response to receiving the precharge command

and a second series of events related to the activate command in response to receiving the activate command. The memory device

o delays the start of the second series of events until the first series of events completes.



MEMORY DEVICE WITH TIMING OVERLAP MODE

RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Application

No. 61/712,552 to Andre et al., entitled "tRP Overlap Mode," filed October 11,

2012, the contents of which are incorporated herein by reference in their

entirety.

BACKGROUND

[0001] In some types of memory devices, such as random access memories

(RAM), a predetermined series of commands are received from a source

attempting to access the memory device. Following receipt of each command,

a set of operations related to each of the commands are performed subject to

strict timing requirements with no overlap.

[0002] Unfortunately, the memory device has no control over when the

commands are received, as the commands are generated by the external source.

Thus, the timing constraints of the memory device are designed to match the

timing constraints of the external sources compatible with the memory device

in order to avoid errors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The detailed description is described with reference to the

accompanying figures. In the figures, the left-most digit(s) of a reference

number identifies the figure in which the reference number first appears. The



use of the same reference numbers in different figures indicates similar or

identical components or features.

[0004] FIG. 1 illustrates select components of an example system including

a memory device to receive a command while executing an operation,

according to some implementations

[0005] FIG. 2 illustrates select components of another example system

including a memory device to receive a command while executing an

operation, according to some implementations

[0006] FIG. 3 illustrates a timing diagram associated with the memory

devices of FIGS. 1 and 2, according to some implementations.

[0007] FIG. 4 illustrates an example flow diagram showing an illustrative

process for receiving overlapping commands, according to some

implementations .

[0008] FIG. 5 illustrates a partial flow diagram and a partial timing diagram

showing an illustrative process for receiving overlapping commands, according

to some implementations.

DETAILED DESCRIPTION

[0009] This disclosure includes techniques and implementations to improve

flexibility associated with performing read and write operations on a memory

device. In some implementations, the memory device is configured to receive

an activate command from an external source, before completion of operations



associated with a precharge command. For example, in typical memory

devices, a predetermined series of commands and operations are received and

performed in sequence to accomplish one or more read and/or write operations.

The series of commands and operations include a precharge command and

precharge operations to close an open page within the memory array (for

instance, writing the contents of the cache associated with a previous read or

write operation to the memory array). The series of commands also includes an

activate command and activate operations to open a page in the memory array

and load the associated page to the cache and one or more read and/or write

commands to edit the contents of the page while stored in the cache.

[0010] Each of the operations are typically performed in sequence with no

overlap to avoid errors and/or collisions in the cache. The execution of each

set of operations is also subject to timing requirements following the receipt of

the corresponding command by the memory device. In general, an external

source reading or writing data to the page first issues the precharge command

to the memory device and then waits for a first period of time to elapse before

issuing the activate command. This first period of time is typically referred to

as row precharge time (tRP) and represents the number of clock cycles

available to the memory device to complete the operations associated with the

precharge command (i.e., the number of clock cycles between receiving the

precharge command and receiving the activate command at the memory

device).



[0011] After the first period of time elapses, the external source issues the

activate command which is received by the memory device. The external

source then waits for a second period of time before issuing at least one read or

write command. This second period of time is typically referred to as row

address to column address delay (tRCD) and represents the number of clock

cycles available to the memory device to complete the operations associated

with the activate command (i.e., the number of clock cycles between receiving

the activate command and receiving at least one read or write command at the

memory device).

[0012] As described above, the periods tRP and tRCD are governed by the

external source accessing the memory device, as the external source accessing

the memory device issues the precharge, activate, and read/write commands.

While many of the external sources include registers that may be used to

program delays corresponding to the number of clock cycles associated with

the periods tRP and tRCD to better accommodate different types of memory

devices, the delays are often limited to a maximum number of clock cycles.

Moreover, in some cases, the maximum number of clock cycles for one of the

delays (tRP or tRCD) may be insufficient. In particular, magnetic random

access memory (MRAM) devices may require more clock cycles to perform

the precharge operations than other types of memory devices.

[0013] In some implementations, the memory devices described herein are

configured to be able to receive an activate command from an external source,

before completion of operations associated with the precharge command in



order to increase the number of clock cycles available to the memory device to

complete the precharge operations. For instances, the memory devices may be

configured to utilize both the clock cycles assigned to the time period tRP to

perform the precharge operations and the clock cycles assigned to the time

period tRCD to perform the activate operations as a combined time period

tRP + tRCD to complete both the precharge operations and the activate

operations. For example, the memory device may include a command

interpreter configured to receive the precharge and activate commands, as well

as, read and/or write commands from one or more external sources. The

memory device also includes an overlap circuit (such as an AND gate)

configured to delay the execution of the operations associated with the activate

command until both the activate command and a completion signal from a

precharge timing circuit are received. In this manner, the memory device is

able to receive the activate command, while the operations associated with the

precharge command are still being performed. Thus, the present disclosure

may allow the memory device to be utilized in a greater number of systems and

to be accessed by additional types of external sources.

[0014] In one example, tRP may be limited to a maximum number of 15

clock cycles, while tRCD may be limited to a maximum number of 200 clock

cycles. In this example, assume that the memory device requires more clock

cycles than the maximum number of clock cycles associated with the period

tRP to complete the precharge operations, for instance, 30 clock cycles, while

less than the maximum number of clock cycles associated with the period



tRCD to complete activate operations, for instance, 100 clock cycles. Since the

memory device requires 30 clock cycles to complete the precharge operations

and 100 clock cycles to complete the activate operations, the external source

may be programmed or configured to issue the precharge command to the

memory device and to wait the maximum number of clock cycles, i.e., the 15

clock cycles before issuing the activate command. The external source may

also be programmed or configured to wait 115 clock cycles before issuing a

read or write command, i.e., the 100 clock cycles necessary to perform the

activate operations and the remaining 15 clock cycles to finish the precharge

operations.

[0015] In this example, the memory device may be configured to receive

both the precharge and activate commands, but to prevent the activate

operations from initiating until the precharge operations are complete. For

instance, the memory device is able to receive the precharge command and

begin the precharge operations. At the 15th clock cycle, the memory device

then receives the activate command and during the 30th clock cycle completes

the precharge operations. Also during the 30th clock cycle, the memory device

begins the activation operations, which are completed before the external

source issues a read or write command at the 130th clock cycle. In this way, the

memory device has a total clock cycle period (tRP + tRCD) of 130 clock cycles

to perform both the precharge operations and the activation operations

regardless of the individual maximum timing constrains for tRP or tRCD

imposed by the external source.



[0016] FIG. 1 illustrates select components of an example system 100

including a memory device 102 able to receive a command while executing an

operation, according to some implementations. The memory device 102 is an

example of tangible non-transitory computer storage media and may include

volatile and nonvolatile memory and/or removable and non-removable media

implemented in any type of technology for storage of information such as

computer-readable instructions or modules, data structures, program modules

or other data. Such computer-readable media may include, but is not limited

to, RAM, ROM, EEPROM, flash memory or other computer-readable media

technology, solid state storage, RAID storage systems, storage arrays, network

attached storage, storage area networks, cloud storage, or any other medium

that can be used to store information. In one particular example, the memory

device may be a magnetic memory or magnetic disk storage, such as an

MRAM device.

[0017] The memory device 102 includes a command interpreter 104

configured to receive commands 106 (e.g., precharge, activation, and

read/write commands) from at least one external source 108. The command

interpreter 104 is further configured to provide a received precharge command

110 to a precharge timing unit 112 for initiating events 114(1)-(N) associated

with the precharge operations and to provide a received activate command 116

to an activate timing unit 118 through overlap circuit 122 for initiating events

120(1)-(N) associated with the activation operations.



[0018] The external source 108 may be a circuit of the system 100 which is

configured to access (e.g., read from and/or write to) the memory device 102.

The external source 108 may be a general purpose processor, a central

processing unit, a graphical processing unit, or one or more control circuits,

among other possible circuits of the system 100. In some cases, the external

source 108 may include more than one processor, such as multi-core processors

and/or multiple circuits.

[0019] The precharge timing unit 112 is configured to control the start of

each of the events 114(1)-(N) associated with one or more of operations related

to the precharge command 110. For example, the precharge timing unit 112

may be configured to detect a precharge command 110 and, in response, to

initiate event 114(1), wait for a first predetermined delay to elapse, and, in

response, to initiate event 114(2). The precharge timing unit 112 then waits for

a second predetermined delay to elapse and, in response, initiates event 114(3),

and so forth. In some implementations, each of the predetermined delays may

be the same duration. In other implementations, the time associated with the

first predetermined delay may vary from the time associated with the second

predetermined delay. For instance, the duration of the first predetermined

delay may be related to the type of operations performed during event 114(1),

while the duration of the second predetermined delay may be related to the type

of operations performed during event 114(2).

[0020] The events 114(1)-(N) are a sequence of operations initiated by the

precharge timing unit 112 for closing an open page in the memory device 102.



For instance, the memory device 102 may be configured to perform row

operations and to read an entire page (or row) from one of the memory banks

(or arrays) and store the page in a cache, such that multiple read and/or write

operations may be issued from the external source 108 to edit or update the

contents of the page. In this instance, the events 114(1)-(N) associated with the

precharge operations may cause the page currently stored in the cache to be

written back to the memory bank (or array) from which the page (or row) was

originally read in order to preserve changes made to the page while the page

was stored in the cache. For example, the events 114(1)-(N) may be operations

associated with setting a word line voltage level, a column select operation, a

write back operation, or a word line and/or column select disable.

[0021] The activate timing unit 118 is configured to control the start of each

of the events 120(1)-(N) associated with one or more of the activate operations.

For example, the activate timing unit 118 may be configured to detect an

activate command 116 and, in response, to initiate event 120(1), wait for a first

predetermined delay to elapse and, in response, to initiate event 120(2). The

activate timing unit 118 then waits for a second predetermined delay to elapse

and, in response, initiates event 120(3), and so forth. In some implementations,

each of the predetermined delays may be the same duration. In other

implementations, the time associated with the first predetermined delay may

vary from the time associated with the second predetermined delay. For

instance, the duration of the first predetermined delay may be related to the

type of operations performed during event 120(1) and the duration of the



second predetermined delay may be related to the type of operations performed

during event 120(2).

[0022] The events 120(1)-(N) are a sequence of operations initiated by the

activate timing unit 118 for loading a page (or row) into the cache of the

memory device 102 prior to the command interpreter 104 receiving a

read/write command associated with the page. For instance, as discussed

above, the memory device 102 may be configured to perform row operations to

read an entire page (or row) from one of the memory banks (or arrays) and

store the page in a cache. In this instance, the events 120(1)-(N) associated

with the activation operations may cause the memory device 102 to load a new

page (or row) into the cache. For example, the events 120(1)-(N) may be

associated with setting a word line voltage level, a column select operation, a

read sample operation, applying a reset voltage to a bit line or source line, read

evaluate operation, or a word line and/or column select disable operation.

[0023] The memory device 102 also includes an overlap circuit 122. The

overlap circuit 122 receives the activate command 116 from the command

interpreter 104 and a completion signal 124 from the precharge timing unit 112

following the completion of the last event 114(N) associated with the precharge

command 110. The overlap circuit 122 is configured to prevent the activate

timing unit 118 from initiating the events 120(1)-(N) associated with the

activate operations until the events 114(1)-(N) associated with the precharge

command 110 have been completed and the activate command 116 is received

from the external source 108. For example, the overlap circuit 122 may be an



AND gate that activates upon the receipt of both the activate command 116 and

the completion signal 124.

[0024] In some implementations, the completion signal 124 is generated by

the precharge timing unit 112 upon the expiration of a predetermined delay

associated with the last event 114(N). In other implementations, the precharge

timing unit 112 may not generate the completion signal 124 directly, rather the

completion signal 124 may be generated as part of event 114(N).

[0025] In general, when the external source 108 attempts to read data from

or write data to the memory device 102, the external source 108 issues the

precharge command 110 and waits for a predetermined number of clock cycles

associated with a period tRP. The command interpreter 104 of the memory

device 102 receives the precharge command 110 and starts the associated

precharge operations by providing the precharge command 110 to the

precharge timing unit 112.

[0026] The precharge timing unit 112 initiates events 114(1)-(N) based on

clock signals and predetermined delays associated with each of the

events 114(1)-(N). In some instances, the first period tRP expires before the

events 114(1)-(N) are completed and the external source 108 issues the activate

command 116 and proceeds to wait a number of clock cycles associated with a

second period tRCD. For example, the first period tRP may be set to a

maximum of 15 clock cycles but the events 114(1)-(N) require up to 30 clock

cycles to complete. In this instance, the command interpreter 104 provides the

activate command 116 to the overlap circuit 122. However, the overlap circuit



122 does not cause the activate timing unit 118 to initiate events 120(1)-(N)

associated with the activate operations until the overlap circuit 122 receives the

completion signal 124 from the precharge timing unit 112.

[0027] The precharge timing unit 112 continues to start events 114(1)-(N)

until each of the events 114(1)-(N) have finished. After the events have

finished, the precharge timing unit 112 provides the completion signal 124 to

the overlap circuit 122. For instance, the overlap circuit 122 may receive the

completion signal 124 following the 30th clock cycle (i.e., the number of clock

cycles required to complete the precharge operations in the example above).

Once the overlap circuit 122 receives the completion signal 124 and the

activation command 116, the overlap circuit 122 causes the activate timing unit

118 to initiate events 120(1)-(N).

[0028] At some time after the events 120(1)-(N) are completed, the external

source 108 begins to issue read and write commands related to the page loaded

into the cache during the execution of the activate operations. For example, the

second period tRCD may be set to 130 clock cycles and the events 120(1)-(N)

may require 100 clock cycles to complete. In this example, the external source

108 waits a total of 145 clock cycles after the precharge command before

issuing a read or write command. During the 145 clock cycles, the events

114(1)-(N) are performed utilizing the first 30 clock cycles and the events

120(1)-(N) are performed utilizing the next 100 clock cycles. Thus, in this

example, 130 clock cycles of the 145 clock cycles are utilized to perform the



precharge and activate operations in order to prepare the cache of the memory

device 102 for receiving read and write accesses.

[0029] Therefore, it should be understood that by incorporating the overlap

circuit 122 into the memory device 102, the memory device 102 is able to

allocate the clock cycles associated with both the first and second periods

(tRP + tRCD) to either the precharge operations or the activate operations,

thereby increasing the number of external sources 108 that may utilize the

particular memory device 102.

[0030] FIG. 2 illustrates select components of another example system 200

including a memory device 202 able to receive a command while executing an

operation according to some implementations. The memory device 202

includes a command interpreter 204 configured to receive commands 206 (e.g.,

precharge, activation, and read/write commands) from an external source 208

(e.g., a processor or control circuit). The command interpreter 204 is further

configured to provide a precharge command 210 to a precharge timing unit 212

for processing events 214(1)-(N) associated with the precharge operations and

to provide the activate command 2 16 to an activate timing unit 218 through an

overlap circuit 208 for processing events 220(1 )-(N) associated with the

activation operations.

[0031] The external source 208 is a circuit of the system 200 that may be

configured to access (e.g., read from and/or write to) the memory device 202.

The external source 208 may be a general purpose processor, a central

processing unit, a graphical processing unit, or one or more control circuits,



among other possible circuits of the system 200. In some cases, the external

source 208 may include more than one processor, such as multi-core processors

and/or multiple circuits.

[0032] The precharge timing unit 212 is configured to control the start of

each of the events 214(1)-(N) associated with one or more operations related to

the precharge command 210. For example, the precharge timing unit 212 may

be configured to detect a precharge command 210 and, in response, to initiate

event 214(1), wait for a first predetermined delay to elapse and, in response, to

initiate event 214(2). The precharge timing unit 212 then waits for a second

predetermined delay to elapse and, in response, initiates event 214(3), and so

forth. In some implementations, each of the predetermined delays may be the

same duration. In other implementations, the time associated with the first

predetermined delay may vary from the time associated with the second

predetermined delay. For instance, the duration of the first predetermined

delay may be related to the type of operations performed during event 214(1),

while duration of the second predetermined delay may be related to the type of

operations performed during event 214(2).

[0033] The events 214(1)-(N) are a sequence of operations initiated by the

precharge timing unit 212 for closing an open page in the memory device 102.

For instance, the memory device 202 may be configured to perform row

operations to read an entire page (or row) from one of the memory banks (or

arrays) and store the page in a cache, such that multiple read and/or write

operations associated with the page may be issued from the external



source 208. In this instance, the events 214(1)-(N) associated with the

precharge operations may cause the page currently stored in the cache to be

written back to the memory bank from which the page (or row) was originally

read to preserve changes made while the page was stored in the cache. For

example, the events 214(1)-(N) may be associated with setting a word line

voltage level, a column select operation, a write back operation, or a word line

and/or column select disable.

[0034] The activate timing unit 2 18 is configured to control the start of each

of the events 220(1 )-(N) associated with one or more of the activate operations.

For example, the activate timing unit 218 may be configured to detect an

activate command and, in response, to initiate event 220(1), wait for a first

predetermined delay to elapse and, in response, to initiate event 220(2). The

activate timing unit 218 then waits for a second predetermined delay to elapse

and, in response, initiates event 220(3), and so forth. In some implementations,

each of the predetermined delays may be the same duration. In other

implementations, the duration of the first predetermined delay may vary from

the duration of the second predetermined delay. For instance, the duration of

the first predetermined delay may be related to the type of operations

corresponding to the event 220(1) and the duration of the second predetermined

delay may be related to the type of operations corresponding to the event

220(2).

[0035] The events 220(1 )-(N) are a sequence of operations initiated by the

activate timing unit 218 for loading a page (or row) into the cache of the



memory device 202 prior to the command interpreter 204 receiving a

read/write command. For instance, as discussed above, the memory device

may be configured to perform row operations to read an entire page (or row)

from one of the memory banks (or arrays) and store the page in a cache. In this

instance, the events 220(1 )-(N) associated with the activation operations may

cause the memory device 202 to load a new page (or row) into the cache. For

example, the events 220(1 )-(N) may be associated with setting a word line

voltage level, a column select operation, a read sample operation, applying a

reset voltage to a bit line or source line, read evaluate operation, or a word line

and/or column select disable operation.

[0036] In the example of FIG. 2, the memory device 202 also includes an

OR gate 226. The OR gate 226 is configured to generate a ready signal 228 in

response to receiving either an enable signal 230 from an enable circuit 232 or

a completion signal 224 from the precharge timing unit 212. The completion

signal 224 indicates that the last of the events 214(1)-(N) is complete, while the

enable signal 230 is utilize as an override to start the events 220(1 )-(N)

associated with the activate operations earlier than would be the case in the

memory device 102 of FIG. 1. In some implementations, the enable circuit 232

is incorporated into the memory device 202, while in others the enable circuit

232 is an external circuit, as illustrated in FIG. 2.

[0037] The memory device 202 also includes an overlap circuit 222 that

receives the ready signal 228 from the OR gate 226. The overlap circuit 222

also receives the activate command 216 from the command interpreter 204.



The overlap circuit 122 is configured to prevent the activate timing unit 218

from initiating the events 220(1 )-(N) associated with the activate operations

until events 214(1)-(N) are complete or the enable circuit 232 provides the

enable signal 230 (e.g., an override signal) and the activate command 216 has

been received from the external source 208. For example, the overlap circuit

222 may be an AND gate that activates upon the receipt of both the activate

command 216 and the ready signal 228.

[0038] In general, for the external source 208 to read data from or write data

to the memory device 202, the external source 208 issues the precharge

command 210 and waits a number of clock cycles assigned to a first period

tRP. The command interpreter 204 of the memory device 202 receives the

precharge command 210 and initiates the precharge operations by providing the

precharge command 210 to the precharge timing unit 212.

[0039] The precharge timing unit 212 initiates events 214(1)-(N) based on

clock signals and predetermined delays associated with each of the

events 214(1)-(N). In some instances, the first period tRP expires before the

events 214(1)-(N) are completed and the external source 208 issues the activate

command 216 and a number of clock cycles assigned to a second period tRCD.

For example, the first period tRP may be set to a maximum of 30 clock cycles

but the events 214(1)-(N) require 45 clock cycles to complete. In this instance,

the command interpreter 204 provides the activate command 216 to the overlap

circuit 222. However, the overlap circuit 222 does not cause the activate



timing unit 218 to begin events 220(1 )-(N) associated with the activate

operations, as the ready signal 228 has not been received from the OR gate 226.

[0040] The OR gate 226 provides the ready signal 228 upon either receiving

the completion signal 224 from the precharge timing unit 212 following the

completion of the events 2 14(1 )-(N) or upon receiving the enable signal 230.

Once the OR gate 226 provides the overlap circuit 222 the ready signal 228, the

overlap circuit 222 causes the activate timing unit 218 to begin the events

220(1 )-(N) when the activate command 216 has been received.

[0041] Sometime after the events 220(1)-(N) are completed, the external

source 208 begins to issue read and write commands related to the page loaded

into the cache during the execution of the activate operations. For example, the

second period tRCD may be set to 115 clock cycles and the events 220(1)-(N)

may require 100 clock cycles to complete. In this example, the external

source 208 waits 145 clock cycles after the precharge command before issuing

a read or write command. During the 145 clock cycles, the events 214(1)-(N)

are performed utilizing the first 45 clock cycles and the events 220(1 )-(N) are

performed utilizing the next 100 clock cycles. Thus, in this example, the

memory device 202 is able to perform each event related to the precharge

operations and each event rated to the activate operations without causing

collisions in the cache or other errors, even though the period tRP is

insufficient for performing operations associated with events 114(1)-(N).

[0042] Therefore, it should be understood that by incorporating the overlap

circuit 222 into the memory device 202, the memory device 202 is able to



allocate the clock cycles associated with both the first period tRP and second

periods tRCD as a combined period tRP + tRCD to either the precharge

operations or the activate operations increasing the flexibility available to the

memory device manufactures.

[0043] FIGS. 1 and 2 provides example architectures for memory devices

associating to some implementations. FIG. 3 provides a timing diagram to

better illustrate the operations associated with the precharge command, the

activate command, and at least one read or write command.

[0044] FIG. 3 illustrates a timing diagram 300 associated with a memory

device, such as memory devices 102 and 202 of FIGS. 1 and 2 according to

some implementations. The timing diagram 300 illustrates events associated

with an external source accessing one page of data stored in the memory device

from the perspective of the memory device. The timing diagram 300 is

illustrated based on clock cycles and includes illustrated clock cycles 302-316.

It should be understood that a length of time between each of the clock cycles

and a total number of clock cycles is an implementation detail and that, as

illustrated, additional clock cycles may exist between clock cycles 304 and

306, clock cycles 308 and 310, and clock cycles 312 and 314.

[0045] In the illustrated example, the memory device is configured to utilize

the combined period tRP + tRCD (illustrated as 326 and 328, respectively) to

complete both the internal precharge operations 318 and the internal activate

operations 320, while avoiding collisions in the cache and other errors. As

illustrated, the memory device receives the precharge command 322 from the



external source on the rising edge of clock cycle 304. In response, the memory

device begins to perform internal precharge operations 318 (e.g., events

114(1)-(N) and 214(1)-(N) of FIGS. 1 and 2). Receipt of the precharge

command 322 also starts the period tRP 326 (i.e., the number of clock cycles

the external source waits before issuing the activate command 324). As

illustrated, the internal precharge operations 318 are not complete until the

clock cycle 308 and the activate command 324 is received following the

expiration of the period tRP 326, during clock cycle 306.

[0046] However, rather than starting the internal activate operations 320 in

response to receiving the activate command 324, the memory device delays the

start of the internal activate operations 320 until the internal precharge

operations 318 are completed (i.e., during clock cycle 308). For example, the

memory device may be equipped with an AND gate which controls the

execution of the internal activate operations 320 based on both the activate

command 324 and a completion signal associated with the internal precharge

operations 318. In this way, the memory device is able to avoid a collision that

would otherwise result from the internal precharge operations 318 writing a

first page stored in the cache of the memory device to one of the memory banks

(or arrays), while the internal activate operations 320 are writing a second page

from another one of the memory banks (or arrays) into the cache, as the

activate command 324 is received prior to the completion of the internal

precharge operations 318.



[0047] When the activate command 324 is received, the period tRCD 328

that the external source waits before issuing a read/write command 330 begins.

During the period tRCD 328, the internal precharge operations 318 are

completed and, upon completion of the internal precharge operations 318

(during clock cycle 308), the internal activate operations 320 are initiated. In

the illustrated example, the read/write command 330 is received on the rising

edge of clock cycle 312. However, as illustrated in FIG. 3, the internal activate

operations 320 are not complete with in the period tRCD 328. The extension

of the internal activate operations 320 past the period tRCD 328 illustrates the

fact that the memory device may experience a short delay between receiving

the internal read/write command 330 and beginning the read/write operation

332.

[0048] FIGS. 4 and 5 are flow diagrams illustrating example processes of

memory devices capable of receiving overlapping commands. The processes

are illustrated as a collection of blocks in a logical flow diagram, which

represent a sequence of operations, some or all of which can be implemented in

hardware, software or a combination thereof. In the context of software, the

blocks represent computer-executable instructions stored on one or more

computer-readable media that, which when executed by one or more

processors, perform the recited operations. Generally, computer-executable

instructions include routines, programs, objects, components, data structures

and the like that perform particular functions or implement particular abstract

data types.



[0049] The order in which the operations are described should not be

construed as a limitation. Any number of the described blocks can be

combined in any order and/or in parallel to implement the process, or

alternative processes, and not all of the blocks need be executed. For

discussion purposes, the processes herein are described with reference to the

frameworks, architectures and environments described in the examples herein,

although the processes may be implemented in a wide variety of other

frameworks, architectures or environments.

[0050] FIG. 4 illustrates an example flow diagram showing an illustrative

process 400 for applying overlapping commands, according to some

implementations. At 402, a precharge command is applied to a memory device

(such as the memory devices 102 and 202 of FIGS. 1 and 2), for instance, from

an external source (e.g. the external sources 108 and 208 of FIGS. 1 and 2). In

general, when the memory device receives the precharge command, the

memory device performs the precharge operations or the operations associated

with closing an open page in the memory device. For example, the memory

device may perform one or more operations associated with writing the

contents of the cache to a memory bank (or array) of the memory device in

order to save changes made to the page while stored in the cache.

[0051] At 404, an activate command is applied to the memory device, for

instance, from the external source. In general, when the memory device

receives the activate command, the memory device performs the activate

operations or the operations associated with reading a page to the cache of the



memory device. For example, the memory device may perform one or more

operations associated with selecting a row (or page) from a memory bank (or

array) and writing the contents of the row to the cache.

[0052] At 406, the memory device waits at least a number of clock cycles

tRP + tRCD to expire. For example, in the memory device describe herein, the

memory device utilizes the combined period tRP + tRCD to perform both the

precharge operations and the activate operations, rather than utilizing the

period tRP for the precharge operations and the period tRCD for the activate

operations. For example, the memory device may require 30 clock cycles to

complete the precharge operations and 100 clock cycles to complete the

activate operations. The external source accessing the memory device,

however, may be programmed to wait the maximum number of 15 clock cycles

before issuing the activation command and 115 clock cycles before issuing a

read or write command. The memory device is configured to receive both the

precharge and activate commands, but to delay the activate operations until the

precharge operations are complete. In this way, the memory device has a

total of 130 clock cycles or the period tRP + tRCD to perform both the

precharge operations and the activation operations even though the activation

command is received before the completion of the precharge operations. In

other words, the memory device is able to receive the precharge command,

begin the precharge operations, receive the activation command following the

end of the 15 th clock cycle, complete the precharge operations, and following

the end of the 30th clock cycle, begin the activation operations.



[0053] As shown at 408, a read command or, as shown at 410, a write

command may be applied to the memory devices, for instance, from the

external source. For example, if the external source is attempting to read data

from the memory device, the external source applies a read command 408 and

the memory device performs the read operation to read the requested data from

the cache. If, however, the external source is attempting to write data to the

memory device, the external source applies a write command 410 and the

memory device performs the write operation to write the requested data into the

cache.

[0054] FIG. 5 illustrates a partial flow diagram and partial timing diagram

showing an illustrative process 500 for receiving overlapping commands,

according to some implementations. At 502, a memory device (such as the

memory devices 102 and 202 of FIGS. 1 and 2) receives a precharge command

from an external source (e.g., the external sources 108 and 208 of FIGS. 1

and 2). In general, when the memory device receives the precharge command,

the memory device performs the precharge operations or the operations

associated with closing an open page in the memory device. For example, the

memory device may perform one or more operations associated with writing

the contents of the cache to a memory bank (or array) of the memory device in

order to save changes made to the page while stored in the cache.

[0055] At the time the precharge command is received by the memory

device, a first period tRP begins, as illustrated in FIG. 5. As described above,

the period tRP is the number of clock cycles that the external source waits



before issuing the activate command to the memory device or the number of

clock cycles that are typically available to the memory device to complete the

precharge operations (e.g., events 114(1)-(N) or events 214(1)-(N) of FIGS. 1

and 2).

[0056] At 504, a memory device receives an activate command from the

external source. In general, when the memory device receives the activate

command, the memory device performs the activate operations or the

operations associated with writing a page to the cache of the memory device.

For example, the memory device may perform one or more operations

associated with selecting a row (or page) from a memory bank (or array) and

writing the contents of the row to the cache. However, as illustrated in the

example of FIG. 5, the memory device receives the activate command

following the expiration of the period tRP but before the memory device

completes the internal precharge operations (at 506).

[0057] At the time the activate command is received by the memory device,

a second period tRCD begins, as illustrated in FIG. 5. As described above, the

period tRCD is the number of clock cycles that the external source waits before

issuing a read or write command to the memory device or the number of clock

cycles available to the memory device to complete the activate operations (e.g.,

events 120(1)-(N) or events 220(1 )-(N) of FIGS. 1 and 2).

[0058] At 506, the memory device completes the internal precharge

operations. Since the activate command was received prior to the completion

of the internal precharge operations, when the memory device completes the



internal precharge operations, the memory device begins the internal activation

operations. Thus, in the illustrated example, the memory device utilizes the

period tRP as well as part of the period tRCD to perform the internal precharge

operations. By waiting to start the internal activate operations until the

completion of the internal precharge operations, both the precharge operations

and the activate operations may be performed without an error occurring in the

memory device.

[0059] At 508, the memory device completes the internal activate

operations. In the illustrated example, the internal activate operations complete

when the period tRCD expires. However, in other examples, the internal

activate operations may complete before the expiration of the period tRCD. In

this manner, the memory device is able to utilize the combined period tRP +

tRCD as desired to complete the internal precharge operations and the internal

activate operations. For example, the memory device is able to cause the

internal precharge operations to overlap into the period tRCD, typically

reserved for the internal activate operations.

[0060] Although the subject matter has been described in language specific

to structural features, it is to be understood that the subject matter defined in

the appended claims is not necessarily limited to the specific features

described. Rather, the specific features are disclosed as illustrative forms of

implementing the claims.



CLAIMS

WHAT IS CLAIMED IS:

1. A method comprising:

receiving, at a memory device, a precharge command from a source

external to the memory device;

initiating at least one operation related to the precharge command in

response to receiving the precharge command;

receiving, at the memory device, an activate command from the source

external to the memory device before a completion of the at least one operation

related to the precharge command; and

delaying initiation of the at least one operation related to the activate

command until the precharge command has completed.

2. The method as recited in claim 1, further comprising receiving at least

one of a read command or a write command after a completion of the at least

one operation associated with the activate command.

3. The method as recited in claim 1, wherein the at least one operation

related to the precharge command and the at least one operation related to the

activate command complete before a period expires, the period representing a

number of clock cycles that the source external to the memory device waits

after providing the precharge command plus a number of clock cycles that the



source external to the memory device waits after providing the activate

command.

4. The method as recited in claim 1, wherein the source external to the

memory device includes at least one of:

a processor;

a multi-core processor;

a central processing unit;

a graphical processing unit;

a general purpose processor; or

a circuit external to the memory device.



5. A memory device comprising:

a precharge timing unit configured to perform a first series of events

associated with a precharge command;

an activate timing unit configured to perform a second series of events

associated with an activate command; and

an overlap circuit configured to delay the activate timing unit from

performing the second series of events until the precharge timing unit

completes the first series of events and the activate command is received by the

memory device from an external source.

6. The memory device as recited in claim 5, further comprising a command

interpreter for receiving and interpreting commands from the external source.

7. The memory device as recited in claim 6, wherein the precharge timing

unit performs the first series of events associated with the precharge command

in response to the command interpreter receiving a precharge command from

the external source.

8. The memory device as recited in claim 6, wherein the command

interpreter receives at least one of a read command or a write command from

the external source after receiving the precharge command and the activate

command.



9. The memory device as recited in claim 6, wherein the command

interpreter receives the activate command before the precharge timing unit

completes the first series of events.

10. The memory device as recited in claim 5, wherein the overlap circuit is

further configured to allow the activate timing unit to begin the second series of

events before the precharge timing unit completes the first series of events in

response to receiving an override signal.

11. The memory device as recited in claim 5, further comprising an OR gate

configured to generate a ready signal in response to the precharge timing unit

completing the first series of events or in response to receiving an enable

signal, the enable signal being an override to the overlap circuit; and

wherein the overlap circuit prevents the activate timing unit from

performing the second series of events until either the precharge timing unit

completes the first series of events or the ready signal is received and the

activate command is received from the external source.

12. The memory device as recited in claim 5, wherein the overlap circuit is

an AND gate.

13. The memory device as recited in claim 5, wherein the memory device is

a magnetic memory device.



14. A method comprising:

receiving, at a memory device, a first command;

starting at least one operation related to the first command in response to

receiving the first command;

receiving, at the memory device, a second command before the at least

one operation related to the first command has completed; and

starting at least one operation related to the second command when the

at least one operation related to the first command has completed and the

second command is received.



15. The method as recited in claim 14, wherein the first command is a

precharge command and the second command is an activate command.

16. The method as recited in claim 14, wherein the at least one operation

related to the first command is related to writing content of a cache of the

memory device into a memory bank of the memory device.

17. The method as recited in claim 14, wherein the at least one operation

related to the second command is related to writing content of a memory bank

of the memory device into a cache of the memory device.

18. The method as recited in claim 14, further comprising receiving a third

command after a completion of the at least one operation associated with the

second command.

19. The method as recited in claim 18, wherein the third command is at least

one of a read command and a write command.



20. The method as recited in claim 14, wherein the at least one operation

related to the first command and the at least one operation related to the second

command complete before a period expires, the period representing a number

of clock cycles that an external source waits after providing the first command

plus a number of clock cycles the external source waits after providing the

second command.
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