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SYSTEM AND METHOD FOR REDUCING 
COMMAND SCHEDULING CONSTRAINTS OF 

MEMORY CIRCUITS 

RELATED APPLICATION(S) 

[0001] The application is a continuation of US. application 
Ser. No.1 11/672,921 ?led Feb. 08, 2007, Which, in turn, is a 
continuation-in-part of US. application Ser. No.1 11/461,437 
?led Jul. 31, 2006, US. application Ser. No.1 11/702,960 ?led 
Feb. 05, 2007, and US. application Ser. No.1 11/702,981 ?led 
Feb. 05, 2007; and further claims priority to US. provisional 
application Ser. No.1 60/772,414 ?led Feb. 09, 2006 and US. 
provisional application Ser. No.1 60/ 865,624 ?led Nov. 13, 
2006, Which are each incorporated herein by reference in their 
entirety for all purposes. 

FIELD OF THE INVENTION 

[0002] The present invention relates to memory, and more 
particularly to command scheduling constraints of memory 
circuits. 

BACKGROUND 

[0003] Traditionally, memory circuit speeds have remained 
constant, While the required data transfer speeds and band 
Width of memory systems have steadily increased. Thus, it 
has been necessary for more commands be scheduled, issued, 
and pipelined in a memory system in order to increase band 
Width. HoWever, command scheduling constraints have cus 
tomarily existed in memory systems Which limit the com 
mand issue rates, and thus limit various attempts to further 
increase bandWidth, etc. There is thus a need for addressing 
these and/ or other issues associated With the prior art. 

SUMMARY 

[0004] A memory circuit system and method are provided. 
An interface circuit is capable of communication With a plu 
rality of memory circuits and a system. In use, the interface 
circuit is operable to interface the memory circuits and the 
system for reducing command scheduling constraints of the 
memory circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] FIG. 1 illustrates a system for interfacing memory 
circuits, in accordance With one embodiment. 

[0006] FIG. 2 illustrates a method for reducing command 
scheduling constraints of memory circuits, in accordance 
With another embodiment. 

[0007] FIG. 3 illustrates a method for translating an address 
associated With a command communicated betWeen a system 
and memory circuits, in accordance With yet another embodi 
ment. 

[0008] FIG. 4 illustrates a block diagram including logical 
components of a computer platform, in accordance With 
another embodiment. 

[0009] FIG. 5 illustrates a timing diagram shoWing an intra 
device command sequence, intra-device timing constraints, 
and resulting idle cycles that prevent full use of bandWidth 
utiliZation in a DDR3 SDRAM memory system, in accor 
dance With yet another embodiment. 
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[0010] FIG. 6 illustrates a timing diagram shoWing an inter 
device command sequence, inter-device timing constraints, 
and resulting idle cycles that prevent full use of bandWidth 
utiliZation in a DDR SDRAM, DDR2 SDRAM, or DDR3 
SDRAM memory system, in accordance With still yet another 
embodiment. 

[0011] FIG. 7 illustrates a block diagram shoWing an array 
of DRAM devices connected to a memory controller, in 
accordance With another embodiment. 

[0012] FIG. 8 illustrates a block diagram shoWing an inter 
face circuit disposed betWeen an array of DRAM devices and 
a memory controller, in accordance With yet another embodi 
ment. 

[0013] FIG. 9 illustrates a block diagram shoWing a DDR3 
SDRAM interface circuit disposed betWeen an array of 
DRAM devices and a memory controller, in accordance With 
another embodiment. 

[0014] FIG. 10 illustrates a block diagram shoWing a burst 
merging interface circuit connected to multiple DRAM 
devices With multiple independent data buses, in accordance 
With still yet another embodiment. 

[0015] FIG. 11 illustrates a timing diagram shoWing con 
tinuous data transfer over multiple commands in a command 
sequence, in accordance With another embodiment. 

[0016] FIG. 12 illustrates a block diagram shoWing a pro 
tocol translation and interface circuit connected to multiple 
DRAM devices With multiple independent data buses, in 
accordance With yet another embodiment. 

[0017] FIG. 13 illustrates a timing diagram shoWing the 
effect When a memory controller issues a column-access 
command late, in accordance With another embodiment. 

[0018] FIG. 14 illustrates a timing diagram shoWing the 
effect When a memory controller issues a column-access 
command early, in accordance With still yet another embodi 
ment. 

[0019] FIG. 15 illustrates a representative hardWare envi 
ronment, in accordance With one embodiment. 

DETAILED DESCRIPTION 

[0020] FIG. 1 illustrates a system 100 for interfacing 
memory circuits, in accordance With one embodiment. As 
shoWn, the system 100 includes an interface circuit 104 in 
communication With a plurality of memory circuits 102 and a 
system 106. In the context of the present description, such 
memory circuits 102 may include any circuits capable of 
serving as memory. 

[0021] For example, in various embodiments, at least one 
of the memory circuits 102 may include a monolithic memory 
circuit, a semiconductor die, a chip, a packaged memory 
circuit, or any other type of tangible memory circuit. In one 
embodiment, the memory circuits 102 may take the form of 
dynamic random access memory (DRAM) circuits. Such 
DRAM may take any form including, but not limited to, 
synchronous DRAM (SDRAM), double data rate synchro 
nous DRAM (DDR SDRAM, DDR2 SDRAM, DDR3 
SDRAM, etc.), graphics double data rate DRAM (GDDR, 
GDDR2, GDDR3, etc.), quad data rate DRAM (QDR 
DRAM), RAMBUS XDR DRAM (XDR DRAM), fast page 
mode DRAM (FPM DRAM), video DRAM (VDRAM), 
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extended data out DRAM (EDO DRAM), burst EDO RAM 
(BEDO DRAM), multibank DRAM (MDRAM), synchro 
nous graphics RAM (SGRAM) and/or any other type of 
DRAM. 

[0022] In another embodiment, at least one of the memory 
circuits 102 may include magnetic random access memory 
(MDRAM), intelligent random access memory (IRAM), dis 
tributed netWork architecture (DNA) memory, WindoW ran 
dom access memory (WRAM), ?ash memory (e.g., NAND, 
NOR, etc.), pseudostatic random access memory (PSRAM), 
WetWare memory, memory based on semiconductor, atomic, 
molecular, optical, organic, biological, chemical, or nanos 
cale technology, and/or any other type of volatile or nonvola 
tile, random or non-random access, serial or parallel access 
memory circuit. 

[0023] Strictly as an option, the memory circuits 102 may 
or may not be positioned on at least one dual in-line memory 

module (DIMM) (not shoWn). In various embodiments, the 
DIMM may include a registered DIMM (R-DIMM), a small 
outline-DIMM (SO-DIMM), a fully buffered DIMM (FB 
DIMM), an unbuffered DIMM (UDIMM), single inline 
memory module (SIMM), a MiniDIMM, a very loW pro?le 
(VLP) R-DIMM, etc. In other embodiments, the memory 
circuits 102 may or may not be positioned on any type of 
material forming a substrate, card, module, sheet, fabric, 
board, carrier or any other type of solid or ?exible entity, 
form, or object. Of course, in yet other embodiments, the 
memory circuits 102 may or may not be positioned in or on 
any desired entity, form, or object for packaging purposes. 
Still yet, the memory circuits 102 may or may not be orga 
niZed into ranks. Such ranks may refer to any arrangement of 
such memory circuits 102 on any of the foregoing entities, 
forms, objects, etc. 

[0024] Further, in the context of the present description, the 
system 106 may include any system capable of requesting 
and/or initiating a process that results in an access of the 
memory circuits 102. As an option, the system 106 may 
accomplish this utiliZing a memory controller (not shoWn), or 
any other desired mechanism. In one embodiment, such sys 
tem 106 may include a system in the form of a desktop 
computer, a lap-top computer, a server, a storage system, a 
networking system, a Workstation, a personal digital assistant 
(PDA), a mobile phone, a television, a computer peripheral 
(e. g. printer, etc.), a consumer electronics system, a commu 
nication system, and/or any other softWare and/ or hardWare, 
for that matter. 

[0025] The interface circuit 104 may, in the context of the 
present description, refer to any circuit capable of interfacing 
(e.g. communicating, buffering, etc.) With the memory cir 
cuits 102 and the system 106. For example, the interface 
circuit 104 may, in the context of different embodiments, 
include a circuit capable of directly (eg via Wire, bus, con 
nector, and/ or any other direct communication medium, etc.) 
and/or indirectly (eg via Wireless, optical, capacitive, elec 
tric ?eld, magnetic ?eld, electromagnetic ?eld, and/or any 
other indirect communication medium, etc.) communicating 
With the memory circuits 102 and the system 106. In addi 
tional different embodiments, the communication may use a 
direct connection (e.g. point-to-point, single-drop bus, multi 
drop bus, serial bus, parallel bus, link, and/ or any other direct 
connection, etc.) or may use an indirect connection (eg 
through intermediate circuits, intermediate logic, an interme 
diate bus or busses, and/ or any other indirect connection, etc.) 
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[0026] In additional optional embodiments, the interface 
circuit 104 may include one or more circuits, such as a buffer 

(e.g. buffer chip, etc.), a register (e.g. register chip, etc.), an 
advanced memory buffer (AMB) (e.g. AMB chip, etc.), a 
component positioned on at least one DIMM, a memory 
controller, etc. Moreover, the register may, in various embodi 
ments, include a JEDEC Solid State Technology Association 
(knoWn as JEDEC) standard register (a JEDEC register), a 
register With forWarding, storing, and/or buffering capabili 
ties, etc. In various embodiments, the register chips, buffer 
chips, and/or any other interface circuit 104 may be intelli 
gent, that is, include logic that is capable of one or more 
functions such as gathering and/ or storing information; infer 
ring, predicting, and/or storing state and/ or status; performing 
logical decisions; and/or performing operations on input sig 
nals, etc. In still other embodiments, the interface circuit 104 
may optionally be manufactured in monolithic form, pack 
aged form, printed form, and/or any other manufactured form 
of circuit, for that matter. Furthermore, in another embodi 
ment, the interface circuit 104 may be positioned on a DIMM. 

[0027] In still yet another embodiment, a plurality of the 
aforementioned interface circuit 104 may service, in combi 
nation, to interface the memory circuits 102 and the system 
106. Thus, in various embodiments, one, tWo, three, four, or 
more interface circuits 104 may be utiliZed for such interfac 
ing purposes. In addition, multiple interface circuits 104 may 
be relatively con?gured or connected in any desired manner. 
For example, the interface circuits 104 may be con?gured or 
connected in parallel, serially, or in various combinations 
thereof. The multiple interface circuits 104 may use direct 
connections to each other, indirect connections to each other, 
or even a combination thereof. Furthermore, any number of 
the interface circuits 104 may be allocated to any number of 
the memory circuits 102. In various other embodiments, each 
of the plurality of interface circuits 104 may be the same or 
different. Even still, the interface circuits 104 may share the 
same or similar interface tasks and/ or perform different inter 
face tasks. 

[0028] While the memory circuits 102, interface circuit 
104, and system 106 are shoWn to be separate parts, it is 
contemplated that any of such parts (or portion(s) thereof) 
may be integrated in any desired manner. In various embodi 
ments, such optional integration may involve simply packag 
ing such parts together (e. g. stacking the parts to form a stack 
of DRAM circuits, a DRAM stack, a plurality of DRAM 
stacks, a hardWare stack, Where a stack may refer to any 
bundle, collection, or grouping of parts and/or circuits, etc.) 
and/or integrating them monolithically. Just by Way of 
example, in one optional embodiment, at least one interface 
circuit 104 (or portion(s) thereof) may be packaged With at 
least one of the memory circuits 102. In this Way, the interface 
circuit 104 and the memory circuits 102 may take the form of 
a stack, in one embodiment. 

[0029] For example, a DRAM stack may or may not 
include at least one interface circuit 104 (or portion(s) 
thereof). In other embodiments, different numbers of the 
interface circuit 104 (or portion(s) thereof) may be packaged 
together. Such different packaging arrangements, When 
employed, may optionally improve the utiliZation of a mono 
lithic silicon implementation, for example. 

[0030] The interface circuit 104 may be capable of various 
functionality, in the context of different optional embodi 
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ments. Just by Way of example, the interface circuit 104 may 
or may not be operable to interface a ?rst number of memory 
circuits 102 and the system 106 for stimulating a second 
number of memory circuits to the system 106. The ?rst num 
ber of memory circuits 102 shall hereafter be referred to, 
Where appropriate for clari?cation purposes, as the “physi 
cal” memory circuits 102 or memory circuits, but are not 
limited to be so. Just by Way of example, the physical memory 
circuits 102 may include a single physical memory circuit. 
Further, the at least one stimulated memory circuit seen by the 
system 106 shall hereafter be referred to, Where appropriate 
for clari?cation purposes, as the at least one “virtual” memory 
circuit. 

[0031] In still additional aspects of the present embodi 
ment, the second number of virtual memory circuits may be 
more than, equal to, or less than the ?rst number of physical 
memory circuits 102. Just by Way of example, the second 
number of virtual memory circuits may include a single 
memory circuit. Of course, hoWever, any number of memory 
circuits may be stimulated. 

[0032] In the context of the present description, the term 
simulated may refer to any simulating, emulating, disguising, 
transforming, modifying, changing, altering, shaping, con 
verting, etc., Which results in at least one aspect of the 
memory circuits 102 appearing different to the system 106. In 
different embodiments, such aspect may include, for 
example, a number, a signal, a memory capacity, a timing, a 
latency, a design parameter, a logical interface, a control 
system, a property, a behavior, and/or any other aspect, for 
that matter. 

[0033] In different embodiments, the simulation may be 
electrical in nature, logical in nature, protocol in nature, and/ 
or performed in any other desired manner. For instance, in the 
context of electrical simulation, a number of pins, Wires, 
signals, etc. may be simulated. In the context of logical simu 
lation, a particular function or behavior may be simulated. In 
the context of protocol, a particular protocol (e. g. DDR3, etc.) 
may be simulated. Further, in the context of protocol, the 
simulation may effect conversion betWeen different protocols 
(eg DDR2 and DDR3) or may effect conversion betWeen 
different versions of the same protocol (e.g. conversion of 
4-4-4 DDR2 to 6-6-6 DDR2). 

[0034] More illustrative information Will noW be set forth 
regarding various optional architectures and uses in Which the 
foregoing system may or may not be implemented, per the 
desires of the user. It should be strongly noted that the fol 
loWing information is set forth for illustrative purposes and 
should not be construed as limiting in any manner. Any of the 
folloWing features may be optionally incorporated With or 
Without the exclusion of other features described. 

[0035] FIG. 2 illustrates a method 200 for reducing com 
mand scheduling constraints of memory circuits, in accor 
dance With another embodiment. As an option, the method 
200 may be implemented in the context of the system 100 of 
FIG. 1. Of course, hoWever, the method 200 may be imple 
mented in any desired environment. Further, the aforemen 
tioned de?nitions may equally apply to the description beloW. 

[0036] As shoWn in operation 202, a plurality of memory 
circuits and a system are interfaced. In one embodiment, the 
memory circuits and system may be interfaced utiliZing an 
interface circuit. The interface circuit may include, for 
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example, the interface circuit described above With respect to 
FIG. 1. In addition, in one embodiment, the interfacing may 
include facilitating communication betWeen the memory cir 
cuits and the system. Of course, hoWever, the memory circuits 
and system may be interfaced in any desired manner. 

[0037] Further, command scheduling constraints of the 
memory circuits are reduced, as shoWn in operation 204. In 
the context of the present description, the command schedul 
ing constraints include any limitations associated With sched 
uling (and/or issuing) commands With respect to the memory 
circuits. Optionally, the command scheduling constraints 
may be de?ned by manufacturers in their memory device data 
sheets, by standards organiZation such as the JEDEC, etc. 

[0038] In one embodiment, the command scheduling con 
straints may include intra-device command scheduling con 
straints. Such intra-device command scheduling constraints 
may include scheduling constraints Within a device. For 
example, the intra-device command scheduling constraints 
may include a column-to-column delay time (tCCD), roW-to 
roW activation delay time (tRRD), four-band activation Win 
doW time (tFAW), Write-to-read tum-around time (tWTR), 
etc. As an option, the intra-device command-scheduling con 
straints may be associated With parts (eg column, roW, bank, 
etc.) of a device (eg memory circuit) that share a resource 
Within the memory circuit. One example of such intra-device 
command scheduling constraints Will be described in more 
detail beloW With respect to FIG. 5 during the description of a 
different 

[0039] In another embodiment, the command scheduling 
constraints may include inter-device command scheduling 
constraints. Such inter-device scheduling constraints may 
include scheduling constraints betWeen memory circuits. Just 
by Way of example, the inter-device command scheduling 
constraints may include rank-to-rank data bus turnaround 
times, on-die-termination (ODT) control sWitching times, 
etc. Optionally, the inter-device command scheduling con 
straints may be associated With memory circuits that share a 
resource (eg a data bus, etc.) Which provides a connection 
therebetWeen (eg for communicating, etc.). One example of 
such inter-device command scheduling constraints Will be 
described in more detail beloW With respect to FIG. 6 during 
the description of a different embodiment. 

[0040] Further, reduction of the command scheduling 
restraints may include complete elimination and/or any 
decrease thereof. Still yet, in one optional embodiment, the 
command scheduling constraints may be reduced by control 
ling the manner in Which commands are issued to the memory 
circuits. Such commands may include, for example, roW 
access commands, column-access commands, et. Moreover, 
in additional embodiments, the commands may optionally be 
issued to the memory circuits utiliZing separate busses asso 
ciated thereWith. One example of memory circuits associated 
With separate busses Will be described in more detail beloW 
With respect to FIG. 8 during the description of a different 
embodiment. 

[0041] In one possible embodiment, the command sched 
uling constraints may be reduced by issuing commands to the 
memory circuits based on stimulation of a virtual memory 
circuit. For example, the plurality of physical memory cir 
cuits and the system may be interfaced such that that the 
memory circuits appear to the system as a virtual memory 
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circuit. Such simulated virtual memory circuit may option 
ally include the virtual memory circuit described above With 
respect to FIG. 1. 

[0042] In addition, the virtual memory circuit may have 
less command scheduling constraints than the physical 
memory circuits. For example, in one exemplary embodi 
ment, the physical memory circuits may appear as a group of 
one or more virtual memory circuits that are free from com 

mand scheduling constraints. Thus, as an option, the com 
mand scheduling constraints may be reduced by issuing com 
mands directed to a single virtual memory circuit, to a 
plurality of different physical memory circuits. In this Way, 
idle data-bus cycles may optionally be eliminated and 
memory system bandWidth may be increased. 

[0043] Of course, it should be noted that the command 
scheduling constraints may be reduced in any desired manner. 
Accordingly, in one embodiment, the interface circuit may be 
utiliZed to eliminate, at least in part, inter-device and/ or intra 
device command scheduling constraints of memory circuits. 
Furthermore, reduction of the command scheduling con 
straints of the memory circuits may result in increased com 
mand issue rates. for example, a greater amount of commands 
may be issued to the memory circuits by reducing limitations 
associated With the command scheduling constraints. More 
information regarding increasing command issue rates by 
reducing command scheduling constraints Will be described 
With respect to FIG. 11 during the description of a different 
embodiments. 

[0044] FIG. 3 illustrates a method 300 for translating an 
address associated With a command communicated betWeen a 
system and memory circuits, in accordance With yet another 
embodiment. As an option, the method 3 00 may be carried out 
in context of the architecture and environment of FIGS. 1 
and/ or 2. Of course, the method 300 may be carried out in any 
desired environment. Further, the aforementioned de?nitions 
may equally apply to the description beloW. 

[0045] As shoWn in operation 302, a plurality of memory 
circuits and a system are interfaced. In one embodiment, the 
memory circuits and system may be interfaced utiliZing an 
interface circuit, such as that described above With respect to 
FIG. 1, for example. In one embodiment, the interfacing may 
include facilitating communication betWeen the memory cir 
cuits and the system. Of course, hoWever, the memory circuits 
and system may be interfaced in any desired manner. 

[0046] Additionally, an address associated With a com 
mand communicated betWeen the system and the memory 
circuits is translated, as shoWn in operation 304. Such com 
mand may include, for example a roW-access command, a 
column-access command, and/or any other command 
capable of being communicated betWeen the system and the 
memory circuits. As an option, the translation may be trans 
parent to the system. In this Way, the system may issue a 
command to the memory circuits, and such command may be 
translated Without knoWledge and/ or input by the system. Of 
course, embodiments are contemplated Where such transpar 
ency is non-existent, at least in part. 

[0047] Further, the address may be translated in any desired 
manner. In one embodiment, the translation of the address 
may include shifting the address. In another embodiment, the 
address may be translated by mapping the address. Option 
ally, as described above With respect to FIGS. 1 and/ or 2, the 
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memory circuits may include physical memory circuits and 
the interface circuit may simulate at least one virtual memory 
circuit. To this end, the virtual memory circuit may optionally 
have a different (e.g. greater, etc.) number of roW addresses 
associated thereWith than the physical memory circuits. 

[0048] Thus, in one possible embodiment, the translation 
may be performed as a function of the difference in the 
number of roW addresses. For example, the translation may 
translate the address to re?ect the number of roW addresses of 
the virtual memory circuit. In still yet another embodiment, 
the translation may optionally translate the address as a func 
tion of a column address and a roW address. 

[0049] Thus, in one exemplary embodiment Where the 
command includes a roW-access command, the translation 
may be performed as a function of an expected arrival time of 
a column-access command. In another exemplary embodi 
ment, Where the command includes a roW-access command, 
the translation may ensure that a column-access command 
addresses an open bank. Optionally, the interface circuit may 
be operable to delay the command communicated betWeen 
the system and the memory circuits. To this end, the transla 
tion may result in sub-roW activation of the memory circuits. 
Various examples of address translation Will be described in 
more detail beloW With respect to FIG. 8 and 12 during the 
description of different embodiments. 

[0050] Accordingly, in one embodiment, address mapping 
may use shifting of an address from one command to another 
to alloW the use of memory circuits With smaller roWs to 
emulate a larger memory circuit With larger roWs. Thus, sub 
roW activation may be provided. Such sub -roW activation may 
also reduce poWer consumption and may optionally further 
improve performance, in various embodiments. 

[0051] One exemplary embodiment Will noW be set forth. It 
should be strongly noted that the folloWing example is set 
forth for illustrative purposes only and should not be con 
strued as limiting in any manner Whatsoever. Speci?cally, 
memory storage cells of DRAM devices may be arranged into 
multiple banks, each bank having multiple roWs, and each 
roW having multiple columns. The memory storage capacity 
of the DRAM device may be equal to the number of banks 
times the number of roWs per bank times the number of 
column per roW times the number of storage bits per column. 
In commodity DRAM devices (eg SDRAM, DDR, DDR2, 
DDR3, DDR4, GDDR2, GDDR3 and GDDR4 SDRAM, 
etc.), the number of banks per device, the number of roWs per 
bank, the number of columns per roW, and the column siZes 
may be determined by a standards-forming committee, such 
as the Joint Electron Device Engineering Council (JEDEC). 

[0052] For example, JEDEC standards require that a l 
gigabyte (Gb) DDR2 or DDR3 SDRAM device With a four 
bit Wide data bus have eight banks per device, 8192 roWs per 
bank, 2048 columns per roW, and four bits per column. Simi 
larly, a 2 Gb device With a four-bit Wide data bus has eight 
banks per device, 16384 roWs per bank, 2048 columns per 
roW, and four bits per column. A 4 Gb device With a four-bit 
Wide data bus has eight banks per device, 32768 roWs per 
bank, 2048 columns per roW, and four bits per column. In the 
1 Gb, 2 Gb and 4 Gb devices, the roW siZe is constant, and the 
number of roWs doubles With each doubling of device capac 
ity. Thus, a 2 Gb or a 4 Gb device may be simulated, as 
described above, by using multiple 1 Gb and 2 Gb devices, 
and by directly translating roW-activation commands to roW 












